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Figure 1. Root discoloration and rotting due to infection by Phytophthora capsici.

New Mexico, with its arid environment, has a long-standing tradition of produc-
ing chile pepper varieties for the fresh market, processing, or for color extrac-
tion.! Production can be disrupted by several economically important soilborne
pathogens that cause “chile wilt” in susceptible cultivars. This short guide high-
lights the pathogens that cause “chile wilt” and the current biological manage-
ment efforts that producers are implementing to mitigate these soilborne diseases,
as well as application guidance for biorational treatments to help reduce losses.

WHAT ARE THE SYMPTOMS OF CHILE WILT?

Chile wilt is a general term used to describe symptoms of infection by soilborne
pathogens such as Phytophthora capsici, Verticillium dahliae, Rhizoctonia solani,
and species of Fusarium oxysporum.* These pathogens block water and nutrient
uptake as they cause damage in the roots (Figure 1) or in the vascular system in
the stems (Figure 2), leading to loss of leaf turgor (pressure) causing leaf wilt,
chlorosis, stunting, and ultimately severe plant wilt and premature death. For ad-
ditional information such as conditions, symptoms, and management for each of
these pathogens that cause chile wilt, please visit NMSU Extension Circular 549:
Chile Pepper Diseases.*

*Respectively, Extension Plant Pathologist, Extension Plant Sciences; Professor, Department of
Entomology, Plant Pathology, and Weed Science (EPPWS); Plant Diagnostician, Extension Plant
Sciences; Associate Professor, EPPWS; and Seed Certification Program Specialist, Seed Certifica-
tion and Noxious Weed Free Program. All from New Mexico State University.
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Figure 2. Vascular discoloration in the stem due to infection by Verticillium dahliae.
WHERE IS CHILE WILT FOUND?
The pathogens that cause chile wilt are soilborne fungi and can be found worldwide.*” They typically thrive in warm, wet,
heavy clay-based soils or in areas where standing water is an issue.

HOW DO CHILE WILT PATHOGENS SURVIVE AND HIDE IN FIELDS?
Chile wilt pathogens can survive in the soil for many years, even when fields are left fallow for long periods. P. capsici pro-
duces oospores and Fusarium oxysporum produces chlamydospores, which are thick or double-walled resting spores that can
withstand harsh environmental conditions or overwinter in the absence of a plant host. Soilborne pathogens such as V. dahliae
and R. solani, produce microsclerotia, which are hardened, melanized fungal tissues that allow the pathogens to survive in the
soil for many years.’

These pathogens can also survive in infected plant debris buried in soil, in weed hosts such as Wrights groundcherry (Phy-
salis wrightii), Spurred anoda (4Anoda cristata) and Tall morningglory (I[pomoea purpurea), and in volunteer or alternative
host crops such as cucurbits (e.g., pumpkin, summer squash) or ornamentals.®!°

HOW DO CHILE WILT PATHOGENS SPREAD IN FIELDS?

Chile wilt pathogens can spread throughout the field in numerous ways. Phytophthora capsici takes advantage of water
movement through the field from drip or overhead irrigation or splashing rainwater which allows zoospores (motile spores),
to disseminate and infect the chile plants. Verticillium dahliae, Rhizoctonia solani, and Fusarium oxysporum rely on soil
movement via tractors and tools, wind, or physical movement by people. Additional methods of pathogen movement include
infected root to healthy root contact and through infested plant material or transplants.

HOW DO CHILE WILT PATHOGENS INVADE PLANTS AND WHAT CONDITIONS FAVOR PLANT
INFECTION?

Rhizoctonia solani (Figure 3 A and B) and Fusarium oxysporum (Figure 4) infect roots and young stem tissue often during
the seedling stage after transplanting leading to damping-off, while Phytophthora capsici (Figure 5) and Verticillium dahliae
(Figure 6) typically occur mid- to late-season after flower and fruit development, and may occur at transplanting under favor-
able conditions. P. capsici can infect all portions of the chile plant, including roots, stem, leaves, and fruit. V. dahliae primar-
ily infects the roots and moves through the root cortex to the vascular tissue as in the stem.?

Soilborne pathogens that cause “chile wilt” thrive in warm and wet environments (25-30°C + high humidity) and especial-
ly in poorly drained or heavy compacted soils or by excessive irrigation. In New Mexico, an increase in disease development
is typically observed during the monsoon season (June — September) when there is more precipitation and high humidity
from heavy rainfall.
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Figure 3. Girdling and discoloration in young seedlings infected by Rhizoctonia solani causing damping off (3A, top) and wilting in
mature seedlings infected by Rhizoctonia solani (3B, bottom).
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Figure 4. Chile peppers displaying chlorosis and wilt due to
infection from species of Fusarium.
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Figure 5. Chile pepper plants infected by Phytophthora capsici
displaying straw-colored and wilt symptoms.

Figure 6. Wilt symptoms caused by infection from Verticillium
dahliae.
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HOW TO MANAGE CHILE WILT?

Management of chile wilt is difficult due to the presence

of long-term survival structures (e.g., microsclerotia and
oospores). Additionally, conventional chemicals, when used
alone, have variable efficacy for disease management in
chile peppers. Importantly, there are currently no long-pod,
hot cultivars typically grown in New Mexico that are highly
tolerant/resistant to these diseases, although there are toler-
ant/resistant cultivars of bell pepper available.” With this

in mind, management strategies that focus on prevention,
healthy soils, and biorational products are highlighted in
this guide for chile pepper growers.

WHAT ARE BIORATIONAL PRODUCTS

AND HOW ARE THEY USED IN DISEASE
MANAGEMENT?

Biorationals are plant disease management products that
are derived from plants, minerals, or biological microor-
ganisms and pose less health and environmental risk than
conventional pesticides do. The following section and Table
1 highlight examples of biorationals, how they work, and
how they may be used to manage chile wilt disease.

WHAT BIOLOGICALS ARE USED FOR CHILE
WILT?

Microbials
Products containing beneficial microorganisms can be
used to enhance plant growth and reduce the negative ef-
fects of disease development. These products may contain
plant-growth promoting rhizobacteria (PGPR) or biological
agents.!' PGPRs are bacteria that live on plant roots or in
soil around plant roots without causing any harm to plants.
These bacteria enhance plant growth and may induce re-
sistance in plants against plant pathogens. The resistance
triggered in plants by PGPR bacteria is known as induced
systemic resistance which involves the jasmonic acid path-
way (ISR).!? Examples are T34 Biocontrol® (Biocontrol
Technologies) and Employ® (Plant Health Care, Inc.)
Biological agents are microorganisms (fungi, bacteria,
or viruses) which can outcompete plant pathogens for
resources. Several products containing microorganisms
are sold for biological control of diseases. Examples are
Serenade® (Bayer Crop Science), Double Nickle® (Certis
Biologicals), Thiea® (Certis Biologicals), and Sonata®
(Bayer Crop Science), all of which contain beneficial bac-
teria. Rootshield Plus® (BioWorks) and Asperello T34
(Biocontrol Technologies) contain beneficial fungi, and
Agriphage® (Omnilytics) contains bacteriophages which
are viruses that infect bacteria.

Botanicals and plant activators

Some biotrophic and hemibiotrophic pathogens invade
plant tissue often causing local cell death (e.g., hypersen-
sitivity response (HR)). This type of infection can trigger
resistance in other plant parts that have not been exposed
to the pathogen. This resistance has been termed systemic

acquired resistance (SAR) involving salicylic acid (SA)."
Certain commercial chemicals are known to induce SAR
in plants and are called plant activators. Plants treated with
such activators produce compounds that interfere with the
activities of pathogen development. Examples of these
products are Actigard® (Syngenta) and Regalia® (Pro-

Farm).

Table 1. Biorational products, ingredients, and application

methods

Biorational Product
and Manufacturer

Active Ingredients

Application Method

Actigard® Syngenta

Acibenzolar-S-methyl

Foliar or chemigation

Foliar, greenhouse

fogging, or chemiga-

control Technologies

lum, strain T34

Agriphage® Omni- . .
. Bacteriophage tion; see label for
lytics .
specifics on formula-
tion and application
Substrate incorpo-
Asperello T34® Bio- | Trichoderma asperel- ration, seed, soil

drench, chemigation

or foliar

Double Nickle® Cer-
tis Biologicals

Bacillus amylolique-

faciens strain D747

Foliar, soil drench,
chemigation, or root

dip

Employ® Plant
Health Care, Inc.

Harpinaf Protein

Foliar

Regalia® Profarm

Extract of Reynoutria

sachalinensis

Foliar, soil drench,
chemigation, or trans-

plant dip

Trichoderma har-

Substrate incorpora-

Crop Science

strain QST 713

Rootshield Plus® zianum Rifai, strain tion, root drench,
BioWorks T-22 and Trichoderma | chemigation, or trans-
virens, strain G-41 plant dip
Serenade Aso® Bayer Bacillus subtilis, Foliar, soil drench, or

chemigation

Sonata® Bayer Crop

Science

Bacillus pumilus,
strain QST 2808

Foliar, chemigation,

or soil drench

T34 Biocontrol® Bio-

control Technologies

Trichoderma asperel-

lum, strain T34

Seed, foliar, or chemi-

gation

Thiea® Certis Bio-

logicals

Bacillus subtilis,
strain AFS032321

Foliar or chemigation
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WHAT ARE GOOD STRATEGIES FOR APPLYING BIOLOGICALS?

Application in rotational and cover crops prior to chile crop

Applying biologicals and integrating them into the soil with rotational or cover crops will have positive effects.'*'* The bio-
logicals will help increase soil health, potentially accelerate nutrient cycling, and enhance nutrient availability for your chile
crop.'® This approach allows growers to proactively manage disease outbreaks through maintaining a healthy soil environ-
ment. Application of biologicals to rotational or cover crops can be done through in-furrow, drip to the root systems, or ap-
plied directly to the foliage.

Application in chile crop
Biologicals can be applied directly to the chile crop, either through seed treatments, drip system, or through spraying the
plant foliage during the production season. As discussed earlier, some biologicals can either enhance plant growth or activate
the plants defense response, both of which can potentially reduce the negative effects of chile wilt pathogens. This strategy is
much more effective when applied prophylactically and on a regular basis during the production season, before disease symp-
toms start occurring.

Importantly, biologicals can be added to the growing medium for transplant production. This approach allows for earlier
and improved colonization of root systems.

Application schedule for biologicals

It is very critical to establish and maintain beneficial microbiota prior to and during chile production in order to help mitigate
disease development and enhance plant performance. The following application schedule is suggested for increasing benefi-
cial microbiota populations in fields to be planted with chile:

* September (end of current season/beginning of next): Treat remaining plant stubble with biological formulations (fungi
and bacteria). Apply formulations as a spray or through drip irrigation. Then, plant cover crops; treat seeds before plant-
ing or proceed with in-furrow seed treatment at planting. After cover crop emergence, apply additional biological for-
mulation.

* October through January (off season): As economically feasible, make at least one application of biological formula-
tions monthly. Terminate and incorporate cover crops. Pre-irrigate with biological formulations prior to transplanting.

e March through April (transplanting): Treat seeds with biological formulations prior to planting or proceed with in-
furrow seed treatment at transplanting. Make at least one application biological formulations through drip irrigation
after chile emergence.

* May through August (during production season): As economically feasible and depending on the anticipated disease
pressure, make at least two applications of biological formulations.

NOTE: This short guide is intended to provide chile growers with an understanding of chile wilt pathogens. Products
mentioned herein are for illustration purposes, and no endorsement is implied by the authors. Before using any products,
check with your crop consultant or advisor, and follow the product label. Additionally, for registration, rates, and
application methods, refer to the product label.
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