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20 SUMMARY:
21  We describe a modified agar-based method designed to quantify the antifungal effects of plant-
22 derived products. Both volatile and non-volatile contributions to the antifungal activity can be
23 assessed through this protocol. In addition, efficacy against fungi can be measured at key
24  developmental stages in a single experimental setup.
25
26  ABSTRACT:
27  The protocol described is based on a plug-transfer technique that allows accurate determination
28  of microorganism quantities and their developmental stages. A specified number of spores are
29  spread on an agar plate. This agar plate is incubated for a defined period to allow the fungi to
30 reach the expected developmental stage, except for spores where incubation is not required.
31  Agar plugs covered by spores, hyphae, or mycelium are next withdrawn and transferred onto
32  agar media containing the antifungal compound to be tested either placed at a distance from the
33  fungi or in contact. This method is applicable to test both liquid extracts and solid samples
34  (powders). It is particularly well suited for quantifying the relative contributions of volatile and
35 non-volatile agents in bioactive mixtures and for determining their effects, specifically on spores,
36 early hyphae, and mycelium.
37
38 The method is highly relevant for the characterization of the antifungal activity of biocontrol
39  products, notably plant-derived products. Indeed, for plant treatment, the results can be used to
40 guide the choice of mode of application and to establish the trigger thresholds.
41
42  INTRODUCTION:
43  Global losses of fruits and vegetables can reach up to 50% of production® and result mostly from
44  food decay caused by fungi spoilage in field or during post-harvest storage®3, despite the
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extensive employment of synthetic fungicides since the middle of the twentieth century?®. The
use of these substances is being reconsidered since it represents serious environmental and
health hazards. As the harmful consequences of their use are showing up throughout ecosystems
and evidence of potential health impacts has accumulated>®, novel alternatives to old
prophylactic strategies are being developed for pre- and post-harvest treatments’™. Hence the
challenge we face is two-fold. Novel fungicidal strategies must, firstly, maintain the levels of
efficacy of food protection against phytopathogens and concomitantly, secondly, contribute to
dramatically reducing the environmental footprint of agricultural practices. To fulfill this
ambitious goal, strategies inspired by the natural defenses evolved in plants are being proposed
as more than 1000 plants species have been highlighted for their antimicrobial properties®. For
instance, plants which have developed natural fungicides to fight phytopathogens are a novel
resource in exploring the development of new biocontrol products?. Essential oils are flagship
molecules of this type. For example, Origanum essential oil protects tomato plants against gray
mold in greenhouses '° and Solidago canadensis L. and cassia essential oils have been shown to
preserve post-harvested strawberries from gray mold damage!? 2. These examples illustrate that
biocontrol and notably plant-derived products represent a solution that combines biological
efficacy and environmental sustainability.

Thus, plants are an important resource of molecules of potential interest for the crop-protection
industry. However only a handful of plant products have been proposed to be used as biocontrol
products even though they are generally recognized as safe, non-phytotoxic and eco-friendly?.
Some difficulties in the transposition from the lab to the field have been observed, such as
efficacy decreasing once applied in vivo® °. Thus, it becomes important to improve the ability of
lab tests to better predict field efficacy. In this context, antifungal testing methods for plant-
derived products are necessary both to evaluate their antifungal efficacy and to define their
optimal conditions for use. Specifically, biocontrol products are generally less efficient than
chemical fungicides, so a better understanding of their mode of action is important for proposing
suitable formulations, to identify the mode of application in fields, and to define which
developmental stage of the pathogen is vulnerable to the candidate bioproduct.

Current approaches addressing antibacterial and antifungal activities include diffusion methods
such as agar-disk diffusion, dilution, bioautography and flow cytometry!. Most of these
techniques, and more specifically, the standard antifungal susceptibility testing — agar-disk
diffusion and dilution assays —are well-adapted for evaluating the antimicrobial activity of soluble
compounds on bacterial and fungal spores in liquid suspensions*4. However, these methods are
generally not suitable for testing solid compounds such as dried plant powder or to quantify
antifungal activity during mycelium growth as they require spore dilution or spore spreading on
agar plates and/or dilution of antifungal compounds?®3. In the food-poisoned method, agar plates
containing the antifungal agent are inoculated with a 5—-7 mm diameter disk sampled from a 7-
day old fungi culture without considering the precise quantity of starting mycelium. After
incubation, the antifungal activity is determined as a percent of radial-growth inhibition’~1°,
With this approach we can evaluate the antifungal activity on mycelial growth. By contrast, the
agar-dilution method is performed to determine the antifungal activity on spores directly
inoculated on the surface of the agar plate containing the antifungal compounds'® 2% 21, These



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

two approaches give complementary results on antifungal activity. However these are two
independent techniques used in parallel that do not provide accurate side-by-side comparison of
the relative efficacy of antifungal compounds on spores and mycelium?'’ 2% 22 3s the quantity of
starting fungal material differs in the two approaches. Moreover, the antifungal activity of a
plant-derived product often results from the combination of antifungal molecules synthesized by
plants to face pathogens. These molecules encompass proteins, peptides®® 24, and metabolites
having wide chemical diversity and belonging to different classes of molecules such as
polyphenols, terpenes, alcaloids®®, glucosinolates®, and organosulfur compounds?®. Some of
these molecules are volatile or become volatile during pathogen attack?’. These agents are most
often poorly water soluble and high vapor-pressure compounds that have to be recovered
through water distillation as essential oils, some of whose antimicrobial activities have been well
established?®. Vapor-phase mediated susceptibility assays have been developed to measure the
antimicrobial activity of volatile compounds following evaporation and migration via the vapor
phase?®. These methods are based on the introduction of antifungal compounds at a distance
from the microbial culture?®=33, In the commonly used vapor-phase agar assay, essential oils are
deposited on a paper disk and placed in the center of the cover of the Petri dish at distance from
the bacterial or fungal spore suspension, which is spread on agar medium. The diameter of the
zone of growth inhibition is then measured in the same way as for the agar-disk diffusion
method?% 24, Other approaches have been developed to provide quantitative measurement of
the vapor-phase antifungal susceptibility of essential oils, derived from the broth-dilution
method from which an inhibitory vapor-phase mediated antimicrobial activity was calculated??,
or derived from agar-disk diffusion assays3!. These methods are generally specific to vapor-phase
activity studies and not appropriate to contact-inhibition assays. This precludes the
determination of the relative contribution of volatile and non-volatile agents to the antifungal
activity of a complex bioactive mixture.

The quantitative method we have developed aims to measure the antifungal effect of dried-plant
powder on controlled quantities of spores and grown mycelium deposited on the surface of an
agar medium to reproduce the aerial growth of phytopathogens during infection of plants®® as
well as an interconnected mycelial network®. The approach is a modified experimental setup
based on the agar-dilution and food-poisoned methods that also allows, in the same
experimental setup, side-by-side quantification of the contribution of both volatile and non-
volatile antifungal metabolites. In this study, the method has been benchmarked against the
activity of three well-characterized antifungal preparations.

PROTOCOL:
1. Inocula preparation

1.1 Prior to the experiment, lay 5 plL of Trichoderma spp. SBT10-2018 spores stored at 4 °C on
potato dextrose agar medium (PDA) and incubate for 4 days at 30°C with regular light exposure
to promote conidia formation*? (Figure 1, panel A).
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NOTE: Trichoderma spp. SBT10-2018 has been isolated from wood and is used as the model in
this study for its rapid growth and ease of spore recovery. This strain is preserved by our
laboratory.

1.2 Recover conidia (Figure 1, panel A)

1.2.1 Lay 3 mL of 0.05% Tween-20 on the Trichoderma mycelium.

1.3.2 Use a rake to release conidia from conidiophores; avoid pressing down on the mycelium
to prevent hyphae from being torn away.

1.3.3 Recover the solution rapidly with a micropipette to avoid it being absorbed by the agar
medium and transfer into a 2 mL tube.

1.3.4 Count the total number of spores using a hemocytometer and prepare a solution
containing 3 x 106 spores/mL.

NOTE: This step must be performed carefully to prevent hyphae from being extracted. Spore
preparation is then checked under microscope. Eventually, for strains presenting highly aerial
and fluffy mycelium, a step of filtration using 40 uM strainer filter can be added to eliminate
residual mycelium fragment.

2. Fungal plates preparation (Figure 1, panel B)

2.1 Deposit 100 pL of 3 x 10° spores/mL with a micropipette on a 9 cm diameter Petri dish
containing PDA medium to obtain 4,800 spores/cm? corresponding to 925 spores/5 mm
diameter-agar plug.

2.2 Add 10 g of 2 mm diameter glass beads with a sterile spatula and perform forward and
backward movements parallel and perpendicular to the operator’s arm to evenly distribute the
spores on the surface of the agar.

2.3 Rotate the plate by 90° and repeat the rotating movements (as in section 2.2); repeat
these steps until the plate has been rotated completely.

2.4 Use the plate immediately to set up experiments requiring spores or incubate the plates
at 30 °Cfor 17 h or 24 h when early hyphae or mycelium, respectively, are needed.

NOTE: To compare antifungal activity measured after mycelium plug-transfer and mycelium disk-
transfer, use sterile tweezers and place sterile 5 mm cellulose disks randomly onto the surface of
the agar plate after spore spreading.
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3. Antifungal compounds preparation
3.1 Plant-derived product preparation: garlic-powder preparation

3.1.1 Peel the cloves of fresh garlic and cut the cloves into 2-3 mm wide slices using a scalpel
blade.

3.1.2 Air-dry the slices for 2 days at 40 °C.
3.1.3 Grind the slices for 3 x 15 seconds using a knife mill to obtain a fine powder.
3.1.4 Store the garlic powder at 4 °C in 50 mL tubes before use.

NOTE: As garlic is not autoclaved (to prevent the degradation of temperature-sensitive antifungal
compounds) clean the grinder, the scalpel, and the air-dryer with 70% ethanol before use.

3.2 Essential oil preparation

3.2.1 Prepare 0.5%, 1%, 2.5%, 5% and 20% Thymus vulgaris essential oil solutions in 0.5%
Tween-80.

3.2.2 Mix well to form an emulsion before adding it into the PDA medium (see section 4.2).
33 Carbendazim preparation

3.3.1 Weigh carbendazim to prepare a 200 mg/L ethanol solution (carbendazim is poorly
soluble in water).

3.3.2 Store the solution at room temperature before adding it into the PDA medium (see
section 4.2).

CAUTION: Carbendazim presents a health and environmental hazard. Wear gloves and mask
when handling this product. Store it in a ventilated space.

4. Contact-inhibition assay
4.1 Preparation of agar plates containing garlic powder

4.1.1 Prepare and autoclave PDA medium.
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4.1.2 Weigh the desired garlic powder quantity into a 50 mL tube using a sterile spatula, to
obtain concentrations generally ranging from 0.25 mg/mL to 16 mg/mL.

4.1.3 Add 10 mL of PDA after having checked the temperature of the medium on the inside of
the wrist. The temperature must be as low as possible to prevent degradation of sensitive
molecules. Ideally, this temperature should be 45 °C.

4.1.4 Homogenize carefully by turning the tube upside down to evenly distribute the powder
into the PDA medium. Quickly pour 10 mL into a 5 cm diameter Petri dish (Figure 1, panel C).

4.1.5 With the Petri dish placed at room temperature, wait until the agar solidifies.
4.2 Preparation of agar plates containing essential oil or carbendazim
4.2.1 Introduce 10 mL of PDA into a 50 mL tube. Check the temperature as for section 4.1.3.

4.2.3 Add 100 pL of the different solutions of Thymus vulgaris essential oil in PDA to obtain
0.005%, 0.01%, 0.025%, 0.05% and 0.2% solutions (see section 3.2.1).

4.2.4 Add the required volume of carbendazim from the 200 mg/L solution to obtain solutions
ranging from 0.0625-2 mg/L (see section 3.3.1).

4.2.5 Homogenize carefully by turning the tube upside down, quickly pour 10 mL into a 5 cm
diameter Petri dish (Figure 1, panel C).

4.2.6 With the Petri dish placed at room temperature, wait until the agar solidifies.

4.3 Contact inhibition assay (Figure 1)

4.3.1 With a5 mm diameter sterile stainless-steel tube, plot a circle in the center of Petri dishes
containing either PDA or PDA including antifungal compounds. Dispose of the agar cylinder using

a sterile toothpick (panel C).

4.3.2 With a 5 mm diameter sterile stainless-steel tube, plot circles randomly into the fungal
plates from section 2. Plot between 15-20 circles per plate (panel B).

4.3.3 Carefully withdraw the agar-cylinders covered by spores, early hyphae, or mycelium with
a sterile toothpick and place the plugs into the empty space of Petri dishes containing either PDA
or PDA including antifungal compounds (panel C).
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4.3.4 Immediately after spore spreading, incubate the plates used for 48 h at 30 °C, 31 h for the
plates containing early hyphae and, 24 h for the plates covered with mycelium (panel C).

4.3.5 Measure the diameter of radial growth and calculate the percent of fungal-growth
inhibition over control using the formula (panel D)

% fungal growth inhibition = (C—A/C)* 100
where C is the diameter of radial growth in PDA medium and A the diameter of radial growth in
PDA medium containing the antifungal compounds.

NOTE: To compare antifungal activity measured after mycelium plug-transfer and mycelium disk-
transfer, using sterile tweezers, transfer one 5 mm diameter disk previously deposited onto the
surface of the fungal plates (section 2 note) at the center of Petri dishes containing either PDA or
PDA containing antifungal compounds and proceed exactly as for agar-plug transfer

5 Vapor-Phase inhibition assay

5.1 Preparation of agar plates containing garlic powder

5.1.1. Proceed as in section 3.1.

5.2 Preparation of agar plate containing essential oil or carbendazim

5.2.1. Proceed as in section 3.2.

5.3 Preparation of fungal plates

5.3.1. Proceed as in section 3.3.

5.4 Vapor-phase antifungal inhibition assay (Figure 1)

5.4.1 Pour 10 mL of PDA medium into the lid of the 5 cm diameter Petri dishes containing either
10 mL PDA medium or 10 mL of PDA medium containing antifungal compounds into the bottom

of the dishes. Wait until complete solidification of the agar at room temperature (panel C).

5.4.2 Use a 50 mL centrifugal tube as a calibration tool to obtain a circle of PDA in the center of
the lid; remove the PDA around the circle with a sterile spatula (panel C).

5.4.3 Plot a circle in the center of the PDA medium placed into the lid with a 5 mm diameter
sterile stainless-steel tube. Discard the agar-cylinder with a sterile toothpick (panel C).

5.4.4 Form plugs with a 5 mm diameter sterile stainless-steel tube randomly into the fungal
plates as in section 4.3.1 (panel B).
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5.4.5 Using a sterile toothpick, carefully transfer the plugs covered either with spores, early
hyphae, or mycelium from fungal plates into the lids of assay plates (panel C).

5.4.6 Incubate at 30 °C as in section 3.4.4 (panel C).

5.4.7 Measure the diameter of radial growth and calculate the percent of fungal growth
inhibition using the formula in section 4.3.4 (panel D).

REPRESENTATIVE RESULTS:

To evaluate the ability of the quantitative method to discriminate the mode of action of different
types of antifungal compounds, we compared the efficacy of three well-known antifungal agents.
Carbendazim is a non-volatile synthetic fungicide which has been widely used to control a broad
range of fungal diseases in plants® %°. Thymus vulgaris essential oil has been largely described
for its antibacterial and antifungal activity and is used as natural food preservative agent*'. Garlic
powder has been chosen as a model of a plant-derived bioproduct. It has been traditionally used
as a natural remedy with antimicrobial activities which have largely been attributed to the
presence of volatile organosulfur compounds but also to the presence of non-volatile saponins
and phenolic compounds?®, giving to this model a complexity relevant in this study.

This quantitative method relies on the transfer of agar plugs containing controlled amounts of
fungus at different developmental stages from spores to mycelium whereas in the food-poisoned
method, 5-day to 7-day old mycelium is transferred from cellulose disks'3. In the assay, spores,
early hyphae (17 h incubation) and mycelium (24 h incubation) were used as starting fungal
material. The use of disk transfer might not be relevant as conidia or residual hyphae remain at
least partially on the agar medium after disk transfer, subsequently leading to inaccurate
measurement of growth inhibition as illustrated in Figure 2. Different diameters of fungal-radial
growth have been observed after transfer of agar areas located under cellulose disks followed by
24 h incubation (Figure 2, panels A, B and C) highlighting the presence of residual fungal hyphae
on agar after disk transfer. The quantification of residual hyphae has been confirmed by the
measurement of growth leading to up to 22% diameter variability (Figure 2, panel D). The effect
on growth inhibition was next evaluated using Thymus vulgaris essential oil as antifungal
compound and compared to the inhibition obtained after agar-plug transfer (Figure 2, panel E).
Growth inhibition after disk transfer was higher than after agar-plug transfer for low Thymus oil
concentrations, leading to an over-estimation of the inhibitory effect, which might be due to
incomplete transfer of fungal material and support the approach based on agar-plug transfer.

Trichoderma spp. SBT10-2018-growth inhibition triggered by the three antifungal compounds
was next evaluated using the contact- and vapor-phase inhibition assays for each fungal stage
(Figure 3). Spores were carefully spread on agar plates to obtain 4,800 spores/cm?. They were
directly transferred to agar plates containing antifungal compounds through agar-plug extraction
using a 5 mm sterile stainless-steel tube, allowing the experiment to start from the spores. For
the two other developmental stages, agar plates covered with spores were firstly incubated for
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17 h or 24 h at 30°C before transferring the agar plug to allow germination and early development
of hyphae (17 h) and mycelium formation (24 h) (Figure 3, panel A). To quantify the contribution
of active volatile molecules to the overall antifungal activity, the contact inhibition assay has been
adapted and spores, early hyphae, and mycelium were placed at a distance from the antifungal
compounds poured into PDA medium as for the contact-inhibition assay. Trichoderma-radial
growth was measured over 48 hours and the percentage of inhibition has been determined by
comparison to control conditions. The minimum-inhibitory concentration (MIC) has been defined
as the lowest concentration of antifungal compounds preventing visible growth after 48 h of
incubation at 30°C.

Figure 3 (panel B) shows higher spore sensitivity to carbendazim compared to early hyphae and
mycelium networks with 50%, 22% and 30% growth inhibition respectively at 0.25 pug/mL
carbendazim when Trichoderma and antifungal compounds were in contact. Concomitantly, a
MIC value of 0.5 pg/mL has been estimated on spore germination whereas an increase to 0.75
ug/mL has been obtained on early hyphae elongation and mycelium. By contrast, carbendazim
had no antifungal effect on Trichoderma when the fungus was placed at distance from the
fungicide in accordance with the low volatility of this substance. The results we obtained using
Thymus vulgaris essential oil (TEO) as antifungal compound (Figure 3, panel C) have shown a
higher spore sensitivity to TEO in comparison to early hyphae and mycelium with 65% and
approximately 50% growth inhibition at 0.01% TEO respectively. The MIC values obtained were
similar for spore germination and early hyphae elongation (0.025% TEO) and higher for mycelium
growth (0.05% TEQ). As expected, Thymus vulgaris essential oil presented identical antifungal
activity irrespective of the distance beTween the fungus and the oil. Similar MIC values (0.025%
TEO) were obtained on spore germination and early hyphae elongation for contact and vapor-
phase assays, though at the lower percentage a higher sensitivity has been observed when TEO
and Trichoderma spores were in contact (60% growth inhibition in contact versus 45% growth
inhibition at distance). Surprisingly, MIC values obtained on the mycelium were different in the
contact- and vapor-phase inhibition assays (0.05% versus 0.1%) suggesting that some part of the
volatile molecules is not active against a well-developed mycelium. Finally, when using garlic
powder as antifungal compound (Figure 3, panel D), a higher efficacy was observed against spore
germination (50% growth inhibition at 0.25 mg/mL garlic powder and MIC value of 0.5 mg/mL)
and early hyphae elongation (59% growth inhibition at 0.25 mg/mL and MIC value of 0.5 mg/mL)
than for mycelium growth (29% growth inhibition at 0.5 mg/mL garlic powder and MIC value of
0.75 mg/mL). When contact- and vapor-phase assays were compared, the results have shown a
significant decrease in antifungal activity at distance irrespective of the developmental stage of
the fungus. The MIC values moved from 0.5 mg/mL to 1 mg/mL for spore germination, from 0.5
mg/mL to 2 mg/mL for early hyphae elongation, and from 0.75 mg/mL to 4 mg/mL for mycelium
growth (Figure 3, panel D and Figure 4 for representative pictures). So, these results suggest that
garlic powder contains a mixture of both volatile and non-volatile compounds having antifungal
properties.

Altogether, these results show that the relative contribution of volatile and non-volatile agents
contained in plant-derived products may be determined at different fungal-growth stages as the
experimental conditions are comparable. This approach is then particularly well suited for
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complex mixtures of antifungal compounds. Thymus vulgaris essential oil is a mixture of volatile
compounds and shows a similar activity at distance and in contact for spore germination and
early hyphae elongation, supporting the comparison of this vapor-phase and contact-inhibition
assay and highlighting that migration into the vapor-phase is not impaired by pouring into the
agar medium. The results also underline that garlic powder used as model in this study contains
non-volatile active components which have a significant contribution in the overall antifungal

activity and which have been neglected in favor of volatile thiosulfinates derived from allium?”
28

FIGURE AND TABLE LEGENDS:
Figure 1: Synoptic scheme of the protocol for contact and vapor-phase assays

Figure 2: Inaccuracy associated with fungal transfer from cellulose disk. A. Scheme representing
disk transfer onto agar-plates covered by spores and disk transfer onto the surface on agar-plates
containing antifungal compounds B. Scheme representing agar transfer of areas under cellulose
disks followed by incubation and residual growth measurement. C. Representative picture of
radial growth of residual mycelium after transfer of areas under cellulose disks. D. Radial growth
measurement of residual mycelium. E. Effect of Thymus vulgaris essential oil on the growth of
mycelium transferred from cellulose disk or agar-plug (N=2, mean + SD)

Figure 3: Comparison of antifungal activities using the vapor-phase and contact inhibition
assays on spores, early hyphae, and mycelium. A. Representative pictures of Trichoderma
spores, early hyphae (17 h growth), and mycelium (24 h growth). Trichoderma growth inhibition
by carbendazim (B), Thymus vulgaris essential oil (C) and garlic powder (D). (N=2, mean * SD)

Figure 4: Representative pictures of garlic antifungal activity on agar plates in contact- (A) or
vapor-phase (B) inhibition assays

DISCUSSION:

The approach presented here allows for the evaluation of antifungal properties of minimally
processed plant-derived products. In this protocol, homogenous distribution of spores on the
agar surface is achieved using 2 mm glass beads. This step requires handling skills to properly
distribute the beads and to obtain reproducible results, ultimately allowing the comparison of
antifungal effects at different stages of fungal growth. We found that 5 mm glass beads or
excessive rotation while homogenizing during spreading can cause variable growth diameter.
Therefore, we recommend training to master spore distribution prior to experimentation. In
addition, when plant powders must be tested, attention must be given to homogenous
dispersion of the product into the agar medium. To prevent the powder from settling at the
bottom of the plate, the product has to be mixed into agar medium when the temperature of the
melted medium reaches 45 °C (when room temperature is 24 °C). This temperature has to be
adjusted according to the local room temperature to avoid sedimentation.

While the method we describe here can provide valuable insights, a few drawbacks must be
considered. This method allows for accurate and side-by-side comparisons in a single



427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

experimental setup at the expense of a significant amount of preparation time as the number of
agar plates to be prepared can be sizeable depending on the questions that have to be answered.
In addition, this assay is a medium-scale assay designed for 5 cm Petri dishes. Therefore, the
amount of active substances required to test all the aspects can be substantial. That means that
rare substances may not be suitable test candidates for this protocol. A scale-down of the assay
can be considered using smaller Petri dishes and reducing the size of the plugs. This could be
tested using the benchmarking protocol described here with special attention to the agar-plug
extraction, which might be difficult. The accuracy of radial-growth measurements might be
reduced at that smaller scale.

Current methods are appropriate for measuring the antifungal activity of compounds in solution
and less applicable to studying powders'3. The approach we have established is well-adapted for
both liquid and solid compounds, which allows evaluation of the antifungal properties of
minimally processed plant-derived products. This reduces the time required to test extracts and
reduces pitfalls related to active substances displaying poor solubility. As some plant-derived
products contain active molecules sensitive to high temperature®, this offers the advantage of
limiting the risk of a loss of activity of such compounds. This approach has been adapted from
the agar-diffusion method and food-poisoned method®*° to additionally permit the direct
comparison of antifungal activities on different fungal growth stages using similar experimental
settings. Agar-plug transfer allows accurate control of the quantities of microorganisms within
the assay. This is an advantage over disk transfer, which leads to over-estimation of antifungal
effects associated with incomplete transfer of spores or hyphae. Finally, whereas vapor-phase
assays are generally not applied to contact inhibition assays?’-3!, the method we propose
addresses the relative contributions of volatile and non-volatile agents contained in complex
mixtures such as plant powders or extracts and ultimately allows the evaluation of antifungal
activities at different fungal-growth stages.

The approach we describe here might be particularly relevant to support the need for methods
that evaluate antifungal properties in plant-derived products for biocontrol. The quantitative
method we propose allows operators to determine the respective contributions of volatile and
non-volatile compounds to the antifungal activity of a complex bioactive mixture. This provides
valuable information that can guide the choice of the modes of application for the treatment and
the relevance of performing liquid extraction. Applications that might be considered at a distance
from the targeted phytopathogen (for instance, inclusion of the biocontrol product into a
packaging) or might need direct contact to optimize the efficacy of the biocontrol product
(nebulization onto plants or dipping fruit into a solution of biocontrol product). It also allows the
comparison of antifungal efficacy at different fungal-growth stages from spore germination to
later stage mycelium growth, which leads to the definition of recommendations for establishing
control thresholds required to apply biocontrol products to crops. Indeed, defining the efficacy
of the substances at different fungal stages may help to categorize whether substances can be
used as preventive or curative treatments and to plan the schedule for plant-treatments with
biocontrol products. This is essential to leverage the efficacy of the products when used in field
or post-harvest.

10
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Dear Editor,

Please find enclosed in the following pages our responses to editorial and reviewer comments
to our manuscript JOVE 61798 «Quantitative methods for measuring volatile and non-
volatile antifungal activity of biocontrol products against different stages of fungal
growth". These comments were considered with attention. We thank you for giving us the
opportunity to further improve our manuscript which we hope now ready for publication in
JOVE.

Point to point responses to Editorial comments

1st point raised :

Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling

or grammatical errors.
Response : Spelling or grammatical errors had been corrected and the manuscript had undergone a

professional proofread prior to the first resubmission. The manuscript has been proofread by a second
English professional before the second resubmission.

2nd point raised :

Please revise the title for conciseness.

Response: The recommendation of the Editor is well-taken and the title has been revised for
conciseness. We then propose: “Method for Measuring Volatile and Non-volatile Antifungal Activity

of Biocontrol Products™.

Changes in the ms: The title has been changed to “Method for Measuring Volatile and Non-volatile

Antifungal Activity of Biocontrol Products”.

Point to point responses to Peer-Reviewer #1

Point raised by Rewiewer 1:

The authors have not answered all the queries.

*
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Editor's Note: | have added the prior comments from Reviewer 1 here for convenience. Please

ensure that all the comments are addressed or rebutted in the rebuttal letter.

Response to Editor: We considered with attention all the different points raised by Reviewer 1 for the
first revision. You will find below the copy of our first point-to-point rebuttal letter as requested by Dr

Nguyen.

Copy of Reviewer 1 point-to-point rebuttal letter

1st point raised :

The title can be: The quantitative methods to measure antifungal activities of volatile and non volatile

biocontrol products against spore germination (different stages of fungal growth).

Response: We appreciate the suggestion of the reviewer to reformulate the tittle of the manuscript. As
one of the advantage of the method described in the protocol is to address the efficacy of antifungal
compounds at defined fungal growth stages, we propose to slightly modify the tittle proposed by the
reviewer as follows : “quantitative methods for measuring volatile and non-volatile antifungal activity
of biocontrol products against different stages of fungal growth”

Changes in the ms: The title of the manuscript has been changed to “quantitative methods for measuring
volatile and non-volatile antifungal activity of biocontrol products against different stages of fungal

growth”

2nd point raised :

Abstract:
Technic change to technique
Specified number of spores are spread

Either placed.... Or in contact
Response: All the reformulations highlighted by the reviewer have been applied. Technic has been

replaced by technique L23, L70 and L83. “Either in contact” L33 of the previous manuscript has been

replaced by “or in contact” L29 of the revised manuscript.

3rd point raised :

Introduction
It is too lengthy. First para is not necessary. Line 104-131 not necessary. Line 96-102- can be shifted at

the end. Avoid repetition




Response: The appreciation of the reviewer is well-taken. We followed the recommendation to shorten
and improve the introduction. The paragraph introducing food spoilage and chemical fungicide use
(L104-131) has been reduced to present plant-derived products benefits and has been placed at the
beginning of the introduction to follow the recommendations of reviewer 3.

The point developed L96-102 of the submitted manuscript have been reformulated and shifted at the
end of the introduction (L107-114 of the revised manuscript)

4th point raised

Protocol
Trichoderma- have you deposited the culture in a recognized Culture Collection? If so then give the
deposit number.

Response: Trichoderma has been isolated from wood has been characterized in macroscopic
(comparison of phenotypes on different media) and microscopic (conidia and conidiophore
observations) studies. This strain belongs to the genus Trichoderma and is likely to be a member of
harzianum or viride species.

Changes in the ms : A note has been added in the ms L124-125 of the revised ms : “Trichoderma
spp. has been isolated from wood and is used as the model in this study for its rapid growth and ease of

spore recovery. This strain is preserved by our laboratory”

Recover conidia- How do authors make sure that there is no contaminating mycelial fragments? The

filtration (through sterile muslin cloth) can probably give the uniform suspension

Response: Spores preparations are consistently checked by microscopy upon collection of the samples.
In our hands, contamination with mycelial fragments was not observed when using Trichoderma.
Colonies are velvety and no floccose is present thereby low amounts of pressure is required to get spores
detached. This is likely reducing the risk of detaching mycelium. We do nevertheless agree that this
point has to be taken into consideration when using fungi displaying recalcitrant conidiophores. We
therefore notified in the protocol that an optional filtration step is required in that case.

Changes in the ms: A note has been added in the revised ms L140-143 “This step must be performed
carefully to prevent hyphae from being extracted. Spore preparation is then checked under microscope.
Eventually, for strains presenting highly aerial and fluffy mycelium, a step of filtration using 40 pM

strainer filter can be added to eliminate residual mycelium fragment”

2.1. As | understand the spore suspension (100pl, 3 x 10%) is spread over the plate. What is the % viability

of spores? The further numbers should reflect viable spores.




Response: Spores are collected from a 4 days culture of Trichoderma on PDA and used immediately

for experiment for optimal viability. Thus, viability classically approximates 95-98%.

5th point raised

Discussion
It is again too lengthy, which in my opinion is not necessary for JOVE. Delete 425-428. Line 437-457

are presenting observations which are already mentioned under results.

Response: L425-428 and L437-440 have been deleted from the discussion section. To follow Editor
recommendations, the discussion has been restructured into 4 paragraphs covering 1) modifications,
trouble shooting and critical steps within the protocol, 2) limitations of the techniques, 3) significance
in comparison to other methods. The points tackled L441-457 have then been dispatched to follow these
recommendations.

Changes in the ms: Discussion text has been restructured and revised

6th point raised

In my opinion, writing is too clumsy and so figures too. The authors can give data only for spore
germination inhibition and not for mycelial growth, etc.. which is more complicated. The quantitative
results can be explicitly mentioned in Table form and not in figures. The JOVE is for visualization of
experiments. The figures depicting protocols need more simplification.

Finally the authors can take help of English speaking person to correct m/s.

Response: Several changes have been realized in the manuscript to improve readability of the
introduction and the discussion. Final manuscript has been proofread by a professional English scientific
writer. We do agree that previous Figure 1 depicting the protocol lacked readability due to the important
level of detail displayed. We thus simplified this figure, which we hope now allows easy visualization
and quick understanding of the protocol. Figures 3B and 4 have been merged in the figure 3 of the
revised manuscript to illustrate all the capacities of the method in a synthetic format: side-by side
benchmarking of multiple products, comparison of volatile and non-volatile antifungal effects, efficacy
of the products against specified growth stages. Bar charts have replaced scatter charts to gain visibility
as recommended by reviewer 3.

Changes in the ms: Figures have been restructured to facilitate readability and representative results

text has been restructured and revised accordingly.




Response to Peer-Reviewer #3

Point raised :

Minor Concerns:
I strongly recommend to indicate the code of Trichoderma strain used in this work to identify it
unequivocally, since the sensitivity to the tested antifungal could be strain-depending.

Response: We appreciate the suggestion of the Reviewer to indicate the code of Trichoderma strain
originating from our own collection. This code is SBT10-2018.
Changes in the ms: The code of Trichoderma strain SBT10-2018 has been added L120, L124 and L323

of the revised manuscript.
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Figure 2 E
Disc transfer assay
EO thymus (%) 0.00000 0.0025 0.005
Radial growth (cm) 1 25 2.2 2.0
Radial growth (cm) 2 2.6 2.3 2.0
Average of radial growth 2.55 2.25 2.0
% of inhibition1 0 11.76 21.56
% of inhibition 2 0 11.76 21.56
Average of inhibition 0 11.76 21.56
Plug transfer assay
EO thymus (%) 0 0.0025 0.005
Radial growth (cm) 1 2.2 2.1 1.8
Radial growth (cm) 2 2.1 2.1 1.8
Average of radial growth 2.15 2.1 1.8
% of inhibition1 0 2.32 16.27
% of inhibition 2 0 2.32 16.27
Average of inhibition 0 2.325 16.27
Plug number Plug 1 Plug 2 Plug 3
Radial growth (cm) 2 2 2.2

L]
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0.0075 0.01 0.015
1.8 1.6 1.4
1.9 1.7 14
1.85 1.65 1.4
27.45 35.29 45.09
27.45 35.29 45.09
27.45 35.29 45.09
0.0075 0.01 0.015
1.6 1.4 11
1.6 1.4 1.2
1.6 1.4 1.15
25.58 34.88 46.51
25.58 34.88 46.51
25.58 34.88 46.51
Figure 2 D
Plug 4 Plug 5 Plug 6 Plug 7 Plug 8
2.2 2.2 2.3 1.9 1.8




Carbendazime TO contact assay (spores)

Control of Contrgl Contrgl
N=1 Trichoderma  c&/bendazime of - 0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.5 2.5 2.4 24
Radial growth (cm) 2 2.5 2.5 2.4 2.4
% of growth 1 100.0 96.0
% of growth 2 100.0 96.0
% of inhibition 1 0.0 4.0
% of inhibition 2 0.0 4.0
Average of inhibition 0.0 4.0
SD 0.0 0.0
Carbendazime TO contact assay (spores)
Control of Control Control
N=2 Tric?hnozi?er?na carbendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.4 2.4 2.4 2.3
Radial growth (cm) 2 2.4 2.4 2.4 2.3
% of growth 1 100.0 100.0
% of growth 2 100.0 100.0
% of inhibition 1 0.0 0.0
% of inhibition 2 0.0 0.0
Average of inhibition 0.0 0.0
SD 0.0 0.0
Carbendazime TO vapor-phase assay (spores)
Control of Contr(_)l Contrgl
N=1 Trichoderma  ca/bendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.4 2.4 2.4 2.6
Radial growth (cm) 2 2.4 2.4 2.4 2.6
% of growth 1 100.0 100.0
% of growth 2 100.0 100.0
% of inhibition 1 0.0 0.0
% of inhibition 2 0.0 0.0
Average of inhibition 0.0 0.0
SD 0.0 0.0

Carbendazime TO vapor-phase assay (spores)



Control of Contrgl Contrgl
N=2 Trichoderma carbendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.4 2.3 2.3 2.2
Radial growth (cm) 2 2.4 2.3 2.3 2.2
% of growth 1 100.0 100.0
% of growth 2 100.0 100.0
% of inhibition 1 0.0 0.0
% of inhibition 2 0.0 0.0
Average of inhibition 0.0 0.0
SD 0.0 0.0
Carbendazime T17 contact assay (early hyphae)
Control of Contrc_:l Contrgl
N=1 Trichoderma  ca/bendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.3 2.0 2.0 2.1
Radial growth (cm) 2 2.3 2.0 2.0 2.1
% of growth 1 100.0 100.0
% of growth 2 100.0 100.0
% of inhibition 1 0.0 0.0
% of inhibition 2 0.0 0.0
Average of inhibition 0.0 0.0
SD 0.0 0.0
Carbendazime T17 contact assay (early hyphae)
Control of Control Control
N=2 Tric?hno;j?er?na carbendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.2 2.4 21 2.2
Radial growth (cm) 2 2.2 2.4 2.1 2.2
% of growth 1 100.0 87.5
% of growth 2 100.0 87.5
% of inhibition 1 0.0 12.5
% of inhibition 2 0.0 12.5
Average of inhibition 0.0 12.5
SD 0.0 0.0
Carbendazime T17 vapor-phase assay (early hyphae)
Control of Contrgl Contrgl
N=1 Trichoderma carbendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.5 2.5 2.4 2.4




Radial growth (cm) 2 2.5 2.5 2.4 2.4
% of growth 1 100.0 96.0
% of growth 2 100.0 96.0
% of inhibition 1 0.0 4.0
% of inhibition 2 0.0 4.0
Average of inhibition 0.0 4.0
SD 0.0 0.0
Carbendazime T17 vapor-phase assay (early hyphae)
Control of Control Control
N=2 Trichoderma  ca/bendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.4 2.5 2.2 2.4
Radial growth (cm) 2 2.4 25 2.2 2.4
% of growth 1 100.0 88.0
% of growth 2 100.0 88.0
% of inhibition 1 0.0 12.0
% of inhibition 2 0.0 12.0
Average of inhibition 0.0 12.0
SD 0.0 0.0
Carbendazime T24 contact assay (mycelium)
Control of Control Control
N=1 Tric(:)ho d?erma carbendazime of  0.0625 ug/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.0 2.4 2.2 2.2
Radial growth (cm) 2 2.0 2.4 2.2 2.2
% of growth 1 100.0 91.66
% of growth 2 100.0 91.66
% of inhibition 1 0.0 8.33
% of inhibition 2 0.0 8.33
Average of inhibition 0.0 8.33
SD 0.0 0.0
Carbendazime T24 contact assay (mycelium)
Control of Control Control
N=2 Trichoderma carbendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.2 2.4 2.2 2.3
Radial growth (cm) 2 2.2 2.4 2.2 2.3
% of growth 1 100.0 91.66




% of growth 2 100.0 91.66

% of inhibition 1 0.0 8.33

% of inhibition 2 0.0 8.33
Average of inhibition 0.0 8.33
SD 0.0 0.0

Carbendazime T24 vapor-phase assay (mycelium)

Control of Contrgl Contrgl
N=1 Trichoderma  c&/bendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.4 2.4 2.4 2.2
Radial growth (cm) 2 2.4 2.4 2.4 2.2
% of growth 1 100.0 100.0
% of growth 2 100.0 100.0
% of inhibition 1 0.0 0.0
% of inhibition 2 0.0 0.0
Average of inhibition 0.0 0.0
SD 0.0 0.0
Carbendazime T24 vapor-phase assay (mycelium)
Control of Control Control
N=2 Tri:hnozioer?na carbendazime of  0.0625 pg/mL  carbendazime of
0.0625 pg/mL 0.125 pg/mL
Range 0.0 0.0625
Radial growth (cm) 1 2.2 2.3 2.4 2.2
Radial growth (cm) 2 2.2 2.3 2.4 2.2
% of growth 1 100.0 104.34
% of growth 2 100.0 104.34
% of inhibition 1 0.0 4.34
% of inhibition 2 0.0 4.34
Average of inhibition 0.0 4.34

SD 0.0 0.0




Figure 3B

Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 2.4 1.8 2.4 1.3 2.4
2.2 2.4 1.8 2.4 1.3 2.4
91.66 75.0 54.16
91.66 75.0 54.16
8.33 25.0 45.83
8.33 25.0 45.83
8.33 25.0 45.83
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 2.3 2.0 21 1,0 2.4
2.2 2.3 2.0 2.1 1,0 2.4
95.65 86.95 47.61
95.65 86.95 47.61
4.34 13.04 52.38
4.34 13.04 52.38
4.34 13.04 52.38
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.5 2.3 2.4 2.3 2.3 2.3
2.5 2.3 2.4 2.3 2.3 2.3
96.15 104.34 100.0
96.15 104.34 100.0
3.84 4.34 0.0
3.84 4.34 0.0
3.84 4.34 0.0
0.0 0.0 0.0




Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 21 21 2.4 21 2.1
2.2 2.1 2.1 2.4 2.1 21
100.0 100.0 87.5
100.0 100.0 87.5
0.0 0.0 125
0.0 0.0 12.5
0.0 0.0 125
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
21 2.0 1.8 2.0 1.8 2.1
21 2.0 1.8 2.0 1.8 21
100.0 90.0 90.0
100.0 90.0 90.0
0.0 10.0 10.0
0.0 10.0 10.0
0.0 10.0 10.0
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
21 2.5 2.0 2.5 1.6 2.4
21 2.5 2.0 2.5 1.6 2.4
95.45 80.0 64.0
95.45 80.0 64.0
4.54 20.0 36.0
4.54 20.0 36.0
4.54 20.0 36.0
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 2.4 1.8 2.4 1.3 2.4




2.2 2.4 1.8 2.4 1.3 24
91.66 75.0 54.16
91.66 75.0 54.16
8.33 25.0 45.83
8.33 25.0 45.83
8.33 25.0 45.83
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 2.4 2.4 2.5 2.5 2.4
2.2 2.4 2.4 2.5 25 2.4
91.66 100.0 100.0
91.66 100.0 100.0
8.33 0.0 0.0
8.33 0.0 0.0
8.33 0.0 0.0
0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 2.2 1.8 2.2 1.5 2.2
2.2 2.2 1.8 2.2 15 2.2
100.0 81.81 68.18
100.0 81.81 68.18
0.0 18.18 31.81
0.0 18.18 31.81
0.0 18.18 31.81
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 2.3 21 2.3 1.6 2.0
2.2 2.3 2.1 2.3 1.6 2.0
95.65 91.30 69.56




95.65 91.30 69.56
4.34 8.69 30.43
4.34 8.69 30.43
4.34 8.69 30.43
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 2.4 2.2 2.2 2.2 2.2
2.2 2.4 2.2 2.2 2.2 2.2
100.0 91.66 100.0
100.0 91.66 100.0
0.0 8.33 0.0
0.0 8.33 0.0
0.0 8.33 0.0
0.0 0.0 0.0
Control Control Control
0.125 pg/mL carbendazime of 0.18 pg/mL carbendazime of 0.25 pg/mL carbendazime of
0.18 pg/mL 0.25 pg/mL 0.5 pg/mL
0.125 0.18 0.25
2.2 2.2 2.3 2.3 21 21
2.2 2.2 2.3 2.3 2.1 21
100.0 104.54 91.30
100.0 104.54 91.30
0.0 4.54 8.69
0.0 4.54 8.69
0.0 4.54 8.69
0.0 0.0 0.0




Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
0.0 2.3 0.0 2.0 0.0 2.0
0.0 2.3 0.0 2.0 0.0 2.0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
0.0 2.4 0.0 2.4 0.0 2.2
0.0 2.4 0.0 2.4 0.0 2.2
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
2.3 2.3 2.3 2.3 2.3 2.3
2.3 2.3 2.3 2.3 2.3 2.3
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0




Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
2.1 2.4 2.4 2.4 2.4 24
2.1 2.4 2.4 2.4 2.4 2.4
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
0.5 21 0.0 1.8 0.0 1.8
0.5 2.1 0.0 1.8 0.0 1.8
23.80 0.0 0.0
23.80 0.0 0.0
76.19 100.0 100.0
76.19 100.0 100.0
76.19 100.0 100.0
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
0.5 2.5 0.0 2.2 0.0 2,0
0.5 25 0.0 2.2 0.0 2.0
20.83 0.0 0.0
20.83 0.0 0.0
79.16 100.0 100.0
79.16 100.0 100.0
79.16 100.0 100.0
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
0.0 2.3 0.0 2.0 0.0 2.0




0.0 2.3 0.0 2.0 0.0 2.0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
2.4 2.4 2.4 2.2 2.0 2.0
2.4 2.4 2.4 2.2 2.0 2.0
100.0 100.0 90.90
100.0 100.0 90.90
0.0 0.0 9.09
0.0 0.0 9.09
0.0 0.0 9.09
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
0.5 2.0 0.0 2.0 0.0 2.0
0.5 2,0 0.0 2.0 0.0 2.0
22.72 0.0 0.0
22.72 0.0 0.0
77.27 100.0 100.0
77.27 100.0 100.0
77.27 100.0 100.0
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
0.5 2.2 0.0 2.1 0.0 2.2
0.5 2.2 0.0 2.1 0.0 2.2
25.0 0.0 0.0




25.0 0.0 0.0
75.0 100.0 100.0
75.0 100.0 100.0
75.0 100.0 100.0
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
21 2.2 21 2.2 21 2.2
21 2.2 2.1 2.2 21 2.2
95.45 95.45 95.45
95.45 95.45 95.45
4.54 4.54 4.54
4.54 4.54 4.54
4.54 4.54 4.54
0.0 0.0 0.0
Control Control Control
0.5 pg/mL carbendazime of 0.75 pg/mL carbendazime of 1 pg/mL carbendazime of
0.75 pg/mL 1 pg/mL 2 pg/mL
0.5 0.75 1.0
21 21 21 21 2.4 2.2
21 21 21 21 2.4 2.2
100.0 100.0 114.28
100.0 100.0 114.28
0.0 0.0 14.28
0.0 0.0 14.28
0.0 0.0 14.28
0.0 0.0 0.0




2 pg/mL

2.0
0.0
0.0
0.0
0.0
100.0
100.0
100.0
0.0

2 pg/mL

2.0
0.0
0.0
0.0
0.0
100.0
100.0
100.0
0.0

2 pg/mL

2.0
2.3
2.3
100.0
100.0
0.0
0.0
0.0
0.0



2 pg/mL

2.0
2.4
2.4
100.0
100.0
0.0
0.0
0.0
0.0

2 pg/mL

2.0
0.0
0.0
0.0
0.0
100.0
100.0
100.0
0.0

2 pg/mL

2.0
0.0
0.0
0.0
0.0
100.0
100.0
100.0
0.0

2 pg/mL

2.0
0.0



0.0
0.0

0.0

100.0
100.0

100.0
0.0

2 pg/mL

2.0
2.0
2.0
100.0
100.0
0.0
0.0
0.0
0.0

2 pg/mL

2.0
0.0
0.0
0.0
0.0
100.0
100.0
100.0
0.0

2 pg/mL

2.0
0.0
0.0
0.0



0.0
100.0
100.0
100.0

0.0

2 pg/mL

2.0

2.1

2.1
95.45
95.45
4.54
4.54
4.54

0.0

2 pg/mL

2.0
2.2
2.2
100.0
100.0
0.0
0.0
0.0
0.0



































































































Thyme TO contact assay (spores)

Figure 3 (

Control of
N=1 Trichoderma 0.005% 0.01% 0.025%
Range 0 0.005 0.01 0.025
Radial growth (cm) 1 2.9 1.6 1 0
Radial growth (cm) 2 2.9 1.6 1 0
% of growth 1 100.0 55.17 34.48 0.0
% of growth 2 100.0 55.17 34.48 0.0
% of inhibition 1 0.0 44.82 65.51 100.0
% of inhibition 2 0.0 44.82 65.51 100.0
Average of inhibition 0.0 44.82 65.51 100.0
SD 0.0 0.0 0.0 0.0
|Thyme TO vapor phase assay (spores)
Control of
N=1 Trichoderma 0.005% 0.01% 0.025%
Range 0 0.005 0.01 0.025
Radial growth (cm) 1 1.8 1.6 1 0
Radial growth (cm) 2 1.8 1.6 1 0
% of growth 1 100.0 88.88 55.55 0.0
% of growth 2 100.0 88.88 55.55 0.0
% of inhibition 1 0.0 11.11 44.44 100.0
% of inhibition 2 0.0 11.11 44.44 100.0
Average of inhibition 0.0 11.11 44.44 100.0
SD 0.0 0.0 0.0 0.0
ﬁhyme T17 contact assay (early hyphae)
Control of
N=1 Trichoderma 0.005% 0.01% 0.025%
Range 0 0.005 0.01 0.025
Radial growth (cm) 1 2.0 1.9 1 0
Radial growth (cm) 2 2.0 1.9 1 0
% of growth 1 100.0 95.0 50.0 0.0
% of growth 2 100.0 95.0 50.0 0.0
% of inhibition 1 0.0 5.0 50.0 100.0
% of inhibition 2 0.0 5.0 50.0 100.0
Average of inhibition 0.0 5.0 50.0 100.0
SD 0.0 0.0 0.0 0.0
|Thyme T17 vapor phase assay (early hyphae)
Control of
N=1 Trichoderma 0.005% 0.01% 0.025%
Range 0 0.005 0.01 0.025
Radial growth (cm) 1 1.7 1.7 1 0
Radial growth (cm) 2 1.7 1.7 1 0
% of growth 1 100.0 100.0 58.82 0.0
% of growth 2 100.0 100.0 58.82 0.0
% of inhibition 1 0.0 0.0 41.17 100.0
% of inhibition 2 0.0 0.0 41.17 100.0
Average of inhibition 0.0 0.0 41.17 100.0
SD 0.0 0.0 0.0 0.0
[Thyme 124 contact assay (mycelium)
N=1 Control of 0.005% 0.01% 0.025%

Trichoderma




Range 0 0.005 0.01 0.025
Radial growth (cm) 1 2.3 1.7 1 0.7
Radial growth (cm) 2 2.3 1.7 1 0.7
% of growth 1 100.0 73.91 43.47 30.43
% of growth 2 100.0 73.91 43.47 30.43
% of inhibition 1 0.0 26.08 56.52 69.56
% of inhibition 2 0.0 26.08 56.52 69.56
Average of inhibition 0.0 26.08 56.52 69.56
SD 0.0 0.0 0.0 0.0
|Thyme T24 vapor phase assay (mycelium)
Control of
N=1 Trichoderma 0.005% 0.01% 0.025%
Range 0 0.005 0.01 0.025
Radial growth (cm) 1 2.1 1.9 1.2 1
Radial growth (cm) 2 2.1 1.9 1.2 1
% of growth 1 100.0 90.47 57.14 47.61
% of growth 2 100.0 90.47 57.14 47.61
% of inhibition 1 0.0 9.52 42.85 52.38
% of inhibition 2 0.0 9.52 42.85 52.38
Average of inhibition 0.0 9.52 42.85 52.38

SD 0.0 0.0 0.0 0.0




C)

0.05% 0.1% 0.125% 0.2%
0.05 0.1 0.125 0.2
0 0 0 0
0 0 0 0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0
0.0 0.0 0.0 0.0
0.05% 0.1% 0.125% 0.2%
0.05 0.1 0.125 0.2
0 0 0 0
0 0 0 0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0
0.0 0.0 0.0 0.0
0.05% 0.1% 0.125% 0.2%
0.05 0.1 0.125 0.2
0 0 0 0
0 0 0 0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0
0.0 0.0 0.0 0.0
0.05% 0.1% 0.125% 0.2%
0.05 0.1 0.125 0.2
0 0 0 0
0 0 0 0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0
100.0 100.0 100.0 100.0
0.0 0.0 0.0 0.0
0.05% 0.1% 0.125% 0.2%




0.05 0.1 0.125 0.2
0 0 0 0
0 0 0 0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

100.0 100.0 100.0 100.0

100.0 100.0 100.0 100.0

100.0 100.0 100.0 100.0

0.0 0.0 0.0 0.0

0.05% 0.1% 0.125% 0.2%

0.05 0.1 0.125 0.2

0.5 0 0 0

0.5 0 0 0

23.80 0.0 0.0 0.0

23.80 0.0 0.0 0.0

76.19 100.0 100.0 100.0

76.19 100.0 100.0 100.0

76.19 100.0 100.0 100.0

0.0 0.0 0.0 0.0




Garlic TO contact assay (spores)

Figure 3D

Control of
N=1 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.4 1.1 0 0 0 0
Radial growth (cm) 2 2.4 1.1 0 0 0 0
% of growth 1 100.0 45.83 0.0 0.0 0.0 0.0
% of growth 2 100.0 45.83 0.0 0.0 0.0 0.0
% of inhibition 1 0.0 54.16 100.0 100.0 100.0 100.0
% of inhibition 2 0.0 54.16 100.0 100.0 100.0 100.0
Average of inhibition 0.0 54.16 100.0 100.0 100.0 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
|Garlic TO contact assay (spores)
Control of
N=2 Trichoderma 0.25mg/mL  0.5mg/mL 0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.4 1.3 0 0 0 0
Radial growth (cm) 2 2.4 1.3 0 0 0 0
% of growth 1 100.0 54.16 0.0 0.0 0.0 0.0
% of growth 2 100.0 54.16 0.0 0.0 0.0 0.0
% of inhibition 1 0.0 45.83 100.0 100.0 100.0 100.0
% of inhibition 2 0.0 45.83 100.0 100.0 100.0 100.0
Average of inhibition 0.0 45.83 100.0 100.0 100.0 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
Garlic TO vapor phase assay (spores)
Control of
N=1 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.4 1.9 1.8 0.5 0 0
Radial growth (cm) 2 2.4 1.9 1.8 0.5 0 0
% of growth 1 100.0 79.16 75.0 20.83 0.0 0.0
% of growth 2 100.0 79.16 75.0 20.83 0.0 0.0
% of inhibition 1 0.0 20.83 25.0 79.16 100.0 100.0
% of inhibition 2 0.0 20.83 25.0 79.16 100.0 100.0
Average of inhibition 0.0 20.83 25.0 79.16 100.0 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
Garlic TO vapor phase assay (spores)
Control of
N=2 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.4 1.9 1.1 0.9 0 0
Radial growth (cm) 2 2.4 1.9 1.1 0.9 0 0
% of growth 1 100.0 79.16 45.83 375 0.0 0.0
% of growth 2 100.0 79.16 45.83 375 0.0 0.0
% of inhibition 1 0.0 20.83 54.16 62.5 100.0 100.0
% of inhibition 2 0.0 20.83 54.16 62.5 100.0 100.0
Average of inhibition 0.0 20.83 54.16 62.5 100.0 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0




Garlic T17 contact assay (early hyphae)

_ Control of
N=1 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.1 1.0 0 0 0 0
Radial growth (cm) 2 2.1 1.0 0 0 0 0
% of growth 1 100.0 47.61 0.0 0.0 0.0 0.0
% of growth 2 100.0 47.61 0.0 0.0 0.0 0.0
% of inhibition 1 0.0 52.38 100.0 100.0 100.0 100.0
% of inhibition 2 0.0 52.38 100.0 100.0 100.0 100.0
Average of inhibition 0.0 52.38 100.0 100.0 100.0 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
|Garlic T17 contact assay (early hyphae)
_ Control of
N=2 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.1 0.7 0 0 0 0
Radial growth (cm) 2 2.1 0.7 0 0 0 0
% of growth 1 100.0 33.33 0.0 0.0 0.0 0.0
% of growth 2 100.0 33.33 0.0 0.0 0.0 0.0
% of inhibition 1 0.0 66.66 100.0 100.0 100.0 100.0
% of inhibition 2 0.0 66.66 100.0 100.0 100.0 100.0
Average of inhibition 0.0 66.66 100.0 100.0 100.0 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
Garlic T17 vapor phase assay (early hyphae)
_ Control of
N=1 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.1 1.1 0.6 0.5 0.5 0
Radial growth (cm) 2 2.1 1.1 0.6 0.5 0.5 0
% of growth 1 100.0 52.38 28.57 23.80 23.80 0.0
% of growth 2 100.0 52.38 28.57 23.80 23.80 0.0
% of inhibition 1 0.0 47.61 71.42 76.19 76.19 100.0
% of inhibition 2 0.0 47.61 71.42 76.19 76.19 100.0
Average of inhibition 0.0 47.61 71.42 76.19 76.19 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
Garlic T17 vapor phase assay (early hyphae)
7 _ Control of
N=2 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.1 1.9 1.2 1 0.6 0
Radial growth (cm) 2 2.1 1.9 1.2 1 0.6 0
% of growth 1 100.0 90.47 57.14 47.61 28.57 0.0
% of growth 2 100.0 90.47 57.14 47.61 28.57 0.0
% of inhibition 1 0.0 9.52 42.85 52.38 71.42 100.0
% of inhibition 2 0.0 9.52 42.85 52.38 71.42 100.0
Average of inhibition 0.0 9.52 42.85 52.38 71.42 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
Garlic T24 contact assay (mycelium)
_ Control of
N=1 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2




Radial growth (cm) 1 2.1 1.2 0.5 0 0 0
Radial growth (cm) 2 2.1 1.2 0.5 0 0 0
% of growth 1 100.0 57.14 23.80 0.0 0.0 0.0
% of growth 2 100.0 57.14 23.80 0.0 0.0 0.0
% of inhibition 1 0.0 42.85 76.19 100.0 100.0 100.0
% of inhibition 2 0.0 42.85 76.19 100.0 100.0 100.0
Average of inhibition 0.0 42.85 76.19 100.0 100.0 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
Garlic T24 contact assay (mycelium)
Control of
N=2 Trichoderma 0.25mg/mL  0.5mg/mL 0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.1 1.8 0.5 0 0 0
Radial growth (cm) 2 2.1 1.8 0.5 0 0 0
% of growth 1 100.0 85.71 23.80 0.0 0.0 0.0
% of growth 2 100.0 85.71 23.80 0.0 0.0 0.0
% of inhibition 1 0.0 14.28 76.19 100.0 100.0 100.0
% of inhibition 2 0.0 14.28 76.19 100.0 100.0 100.0
Average of inhibition 0.0 14.28 76.19 100.0 100.0 100.0
SD 0.0 0.0 0.0 0.0 0.0 0.0
Garlic T24 vapor phase assay (mycelium)
Control of
N=1 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.1 1.8 1.6 1.4 1.3 1
Radial growth (cm) 2 2.1 1.8 1.6 1.4 1.3 1
% of growth 1 100.0 85.71 76.19 66.66 61.90 47.61
% of growth 2 100.0 85.71 76.19 66.66 61.90 47.61
% of inhibition 1 0.0 14.28 23.80 33.33 38.09 52.38
% of inhibition 2 0.0 14.28 23.80 33.33 38.09 52.38
Average of inhibition 0.0 14.28 23.80 33.33 38.09 52.38
SD 0.0 0.0 0.0 0.0 0.0 0.0
Garlic T24 vapor phase assay (mycelium)
Control of
N=2 Trichoderma 0.25mg/mL  0.5mg/mL  0.75 mg/mL 1 mg/mL 2 mg/mL
Range 0 0.25 0.5 0.75 1 2
Radial growth (cm) 1 2.1 1.8 1.6 1.5 1.4 1.1
Radial growth (cm) 2 2.1 1.8 1.6 1.5 1.4 1.1
% of growth 1 100.0 85.71 76.19 71.42 66.66 52.38
% of growth 2 100.0 85.71 76.19 71.42 66.66 52.38
% of inhibition 1 0.0 14.28 23.80 28.57 33.33 47.61
% of inhibition 2 0.0 14.28 23.80 28.57 33.33 47.61
Average of inhibition 0.0 14.28 23.80 28.57 33.33 47.61
SD 0.0 0.0 0.0 0.0 0.0 0.0




4 mg/mL 8 mg/mL 16 mg/mL

4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0

4 mg/mL 8 mg/mL 16 mg/mL

4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0

4 mg/mL 8 mg/mL 16 mg/mL

4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0

4 mg/mL 8 mg/mL 16 mg/mL

4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0

0.0 0.0 0.0




4 mg/mL 8 mg/mL 16 mg/mL

4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0

4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0

4 mg/mL 8 mg/mL 16 mg/mL

4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0

4 mg/mL 8 mg/mL 16 mg/mL

4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0

4 mg/mL 8 mg/mL 16 mg/mL

4 8 16




0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0
4 mg/mL 8 mg/mL 16 mg/mL
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0
0.0 0.0 0.0
4 mg/mL 8 mg/mL 16 mg/mL
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100. 100.0
100.0 100.0 100.0
0.0 0.0 0.0
4 mg/mL 8 mg/mL 16 mg/mL
4 8 16
0 0 0
0 0 0
0.0 0.0 0.0
0.0 0.0 0.0
100.0 100.0 100.0
100.0 100.0 100.0
100.0 100.0 100.0




