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Virulence and Interactions among Soilborne
Pathogens: Implications for Chile Wilt
Management



• Anatomy and diagnosis of 
wilting in chile

• Complicating factors
Interactions among pathogens
Virulence groups

• Implications 



Anatomy of wilting



Anatomy of wilting



Root dysfunction



Root dysfunction / Root-knot nematode



Stem dysfunction



Verticillium
wilt

Phytophthora 
blight

Fusarium/Rhizoctonia 
root rot

Vascular dysfunction Root and stem dysfunction



Summary Profile

Symptoms

Phytophthora 
Root Rot

Rhizoctonia
Root Rot

Verticillium
Wilt

Fusarium
Wilt

Wilt Yes Yes Yes Yes

Stunting No Yes Yes Yes

Root Rot Yes Yes No Yes

Defoliation No No Yes No

Vascular 
necrosis No No Yes Yes



Complicating factor 1: Pathogenic Interactions
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Interaction Chart

Symptoms

PHYTO VERT RHIZOC FUSA NEMA

Phytophthora
(PHYTO)

Xs Xob Xob Xob

Verticillium
(VERT)

Xob Xob Xs

Rhizoctonia
(RHIZOC)

Xob Xs

Fusarium
(FUSA)

Xob

Nematodes
(NEMA)

Xs=observed and studied; Xob=observed, but not yet studied



Interaction of Phytophthora capsici
and Verticillium dahliae



Interaction of Phytophthora capsici
and Verticillium dahliae

Pc Pc + VdVd

Pc=Phytophthora capsici; Vd=Verticillium dahliae
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Interaction Chile Wilt Pathogens

P=Phytophthora capsici; V=Verticillium dahliae


Chart1

		V alone		1.13

		V + P		4.568
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Stem colonization
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pvinter_frequency_root

				Pc		Pc+Vd		Vd		spe		svpe		sve

		C		0.00		0.00		0.00		0.000		0.000		0.000

		P1		100.00		0.00		0.00		0.000		0.000		0.000

		P1V1		47.22		52.78		0.00		11.111		11.111		0.000

		P1V2		25.00		75.00		0.00		0.000		0.000		0.000

		P2		100.00		0.00		0.00		0.000		0.000		0.000

		P2V1		22.22		77.78		0.00		5.556		5.556		0.000

		P2V2		2.778		97.22		0.00		2.778		2.778		0.000

		V1		0.00		0.00		47.22		0.000		0.000		5.556

		V2		0.00		0.00		69.44		0.000		0.000		2.778
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pvinter_frequency_stem_simultan

		trt		mpe		mve		mvpe		mvalpe		mseve		spe		sve		svpe		svalpe		sseve

		C		0.00		0.00		0.00		0.00		1.00		0.000		0.000		0.000		0.000		0.000

		P1		18.66		22.17		0.00		22.15		2.44		0.212		1.628		0.000		1.626		0.294

		P1V1		0.00		56.90		20.71		36.23		2.33		0.000		2.226		2.520		4.552		0.333

		P1V2		0.00		65.44		19.80		45.66		2.44		0.000		4.264		1.756		3.579		0.294

		P2		29.18		28.22		0.00		28.21		3.00		5.229		4.170		0.000		4.172		0.000

		P2V1		0.00		72.77		16.61		56.17		3.00		0.000		3.595		0.472		3.985		0.000

		P2V2		0.00		82.96		30.59		52.39		3.00		0.000		4.568		2.589		2.258		0.000

		V1		0.00		37.11		0.00		37.11		0.00		0.000		0.697		0.000		0.692		0.000

		V2		0.00		45.52		0.00		45.50		0.00		0.000		1.130		0.000		1.132		0.000

				Pc		Pc+Vd		Vd				spe		svpe		sve

		C		0.00		0.00		0.00				0.000		0.000		0.000

		P1		18.66		0.00		0.00				0.212		0.000		0.000

		P1V1		0.00		20.71		56.90				0.000		2.520		2.220						V alone		46.000

		P1V2		0.00		19.80		65.44				0.000		1.756		4.263						V + P		83.000

		P2		29.18		0.00		0.00				5.229		0.000		0.000

		P2V1		0.00		16.61		72.76				0.000		0.472		3.595								1.130

		P2V2		0.00		17.04		82.95				0.000		4.568		4.568								4.568

		V1		0.00		0.00		37.11				0.000		0.000		0.692

		V2		0.00		0.00		45.50				0.000		0.000		1.130
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pvinter_frequency_stem_simultan
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pvinter_frequency_stem_sequent

				1.13

				4.568



Treatment

Stem colonization



		

				Pc		Pc+Vd		Vd				spe		svpe		sve

		C		0.00		0.00		0.00				0.000		0.000		0.000

		P1		23.96		0.00		0.00				3.166		0.000		0.000

		P1BV1		0.00		20.83		64.55				0.000		0.433		2.950

		P1BV2		0.00		19.66		74.28				0.000		1.133		4.916

		P2		28.80		0.00		0.00				1.300		0.000		0.000

		P2BV1		0.00		22.18		77.82				0.000		0.180		0.180

		P2BV2		0.00		21.10		78.90				0.000		2.800		2.800

		V1		0.00		0.00		40.60				0.000		0.000		2.333

		V1BP1		0.00		24.82		71.28				0.000		2.120		1.783

		V1BP2		0.00		21.80		78.20				0.000		2.000		2.000

		V2		0.00		0.00		43.73				0.000		0.000		4.766

		V2BP1		0.00		21.83		75.13				0.00		2.100		0.933

		V2BP2		0.00		18.58		81.43				0.00		1.183		1.200
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Interaction of Verticillium dahliae and 
Meloidogyne incognita



Interaction Chile Wilt Pathogens



Complicating factor 2: virulence groups

PATHOGENICITY
Ability to cause disease YES

NO Non-pathogenic

Pathogenic
(pathogen)

VIRULENCE
Variation in ability to cause

disease
Races, strains, 

or biotypes



cv1 cv2 cv3 cv4 cv5

A

B

C

D

E

Complicating factor 2: virulence groups

Cv=cultivars (1 through 5); A through E =isolates of a pathogen
Green=areas of healthy plant tissue; yellow areas=amount of disease 
caused by an isolate of a pathogen



Virulence groups in Phytophthora capsici



Virulence groups in Phytophthora capsici



Virulence groups  in Phytophthora capsici

Jiang et al. 2015

Race 25 Race 1

Race 25 causes more severe root damage than race 1



Virulence groups in Phytophthora capsici

Jiang et al. 2015

Race 1 Race 1Race 25Race 25
Race 25 causes more severe root damage than race 1



Determination of virulence groups 
of Phytophthora capsici

Race survey Monitoring plots

Collection of isolates from 
Several locations

Testing and determination 
of races using RILs

RILs planted at 
several locations

Disease monitored
throughout season



Virulence groups in Verticillium dahliae



Virulence groups in Verticillium dahliae



Spatial variation

Factors to consider in spatial variation in wilting:
Players (diversity of pathogens), Interactions, and Virulence



Management Chart

Symptoms

PHYTO VERT RHIZOC FUSA NEMA

Phytophthora
(PHYTO) X X X X X

Verticillium
(VERT) X X X X

Rhizoctonia
(RHIZOC) X X X
Fusarium
(FUSA) X X

Nematodes
(NEMA) X

Complexity of management evolving from one pathogen (X)
to all pathogens (X) present in a field
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