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Study design:
Randomized studies with six replicates (randomized complete block with a split-split-plot 
arrangement, main factor = plant date, sub-factor = variety, sub-sub-factor = seed treatment)

Plots 5 ft x 30 ft at planting, 5 ft x approx. 20 ft at harvest.
Plots consist of 7 rows, each 7.5 or 7.0 inches apart
Seeding rate = 330,000 viable seeds/ac

Research methods:

Data collection:
Root rot:  assessed at early to mid vegetative growth (4-10 nodes).  The percent of the 
epicotyl + top 2.5 cm of the tap root diseased; assessed on 16, 36, or 50 roots/plot, depending on study and 
planting date.  Half of the roots were collected from each plot end outside of the area assessed for yield.

Wilt:  assessed at mid to late pod-fill. A visual estimate of the percent of the plants exhibiting root rot 
associated wilt symptoms.  This was always assessed at a consistent growth stage across field pea varieties 
within each planting date.  

Within each study, every effort was made to assess root rot and wilt at a consistent 
growth stage across every planting date and every field pea variety.
Yield:  moisture was assessed at harvest and yields are reported at a standard 13.5% 
moisture



Management of Fusarium and Aphanomyces root rot in field peasFusarium and Aphanomyces root rot of field peas:  Integrated Management
Carrington, ND (2024)
Study #1  Field 17

Seeding rate = 330,000 viable seeds/ac   Row spacing = 7.5 inches



Seeding rate = 330,000 viable seeds/ac   Row spacing = 7.5 inches

Fusarium and Aphanomyces root rot of field peas:  Integrated Management
Carrington, ND (2024)
Study #2  Field 18 south



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection
Carrington, ND (2024)
Results across 2 studies, 4 plant 
dates/study (April 23-June 13)
Seeding rate:
330,000 viable seeds/ac   
Row spacing = 7.5 inches

Wilt was assessed at late pod-fill. 
Visual estimate of the percent of the plants 
exhibiting wilt symptoms.
Plant date #1:  80-100% pods fully filled
Plant date #2:  70-100% pods fully filled
Plant date #3:  85-100% pods fully filled
Plant date #4:  40-100% pods fully filled



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection
Carrington, ND (2024)
Results across 2 studies, 4 plant 
dates/study (April 23-June 13)
Seeding rate:
330,000 viable seeds/ac   
Row spacing = 7.5 inches

Wilt was assessed at late pod-fill. 
Visual estimate of the percent of plants 
exhibiting wilt symptoms.
Plant date #1:  80-100% pods fully filled
Plant date #2:  70-100% pods fully filled
Plant date #3:  85-100% pods fully filled
Plant date #4:  40-100% pods fully filled



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection
Carrington, ND (2024)
Results across 2 studies, 4 plant 
dates/study (April 23-June 13)
Seeding rate:
330,000 viable seeds/ac   
Row spacing = 7.5 inches

Root rot was assessed at early/mid 
vegetative growth.
Percent of the epicotyl plus first 2.5 cm of the 
tap root exhibiting yellow-brown cortical decay 
characteristic of Aphanomyces root rot and 
necrosis characteristic of Fusarium root rot
Plant date #1:  4-6 nodes
Plant date #2:  6-8 nodes
Plant date #3:  5-9 nodes
Plant date #4:  root rot not assessed

Sample size = 36 plants/plot x 6 replicates 
(plant dates #1, #2); 16 plants/plot x 6 replicates 
(plant date #3)



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection
Pathogen diagnostic testing for studies conducted in 2024 is in progress.

Diagnostic testing results from the same field where study #2 was conducted in 2024:

Carrington, ND (2023)
•Diagnostic qPCR testing conducted by the National Agriculture Genotyping Center.
•Results 3 studies conducted on Field 18.  Each study was conducted with 3 or 4 planting dates (June 22-June 9).
•Results represent the average across four qPCR tests per study (one per planting date).  Each test represents a combined sample of six 1-cm long epicotyl segments, one 
collected from each of the six experimental replicates.  The 1-cm long epicotyl segments were collected from a plant with root rot symptoms typical of that plot.  Testing was 
only conducted on plants grown from non-treated seed.



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2024):
Vascular necrosis characteristic of Fusarium oxysporum wilt 
was observed only at low levels

% of plants with vascular discoloration typical of F. oxysporum wilt

SAMPLE SIZE USED FOR 
ANALYSIS:
Plant date #1:  36 roots/plot 
across 6 replicates
Plant date #2:  36 roots/plot 
across 6 replicates
Plant date #3:  16 roots/plot 
across 6 replicates
Plant date #4:  vascular 
necrosis not assessed



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2024):
Fusarium spp. was only isolated from vascular tissues at low 
levels, suggesting F. oxysporum wilt pressure was not high

% stem sections from which Fusarium spp. isolated from vascular tissues

SAMPLE SIZE USED FOR 
ANALYSIS:
Plant date #1:  10 roots/plot 
across 6 replicates
Plant date #2:  10 roots/plot 
across 6 replicates
Plant date #3:  not assessed
Plant date #4:  not assessed



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2024):
Varieties differed in severity of Fusarium root rot symptoms 
but these differences do not explain agronomic performance

% of epicotyl and top 1-in. of tap root with symptoms of Fusarium root rot

SAMPLE SIZE USED FOR 
ANALYSIS:
Plant date #1:  36 roots/plot 
across 6 replicates
Plant date #2:  36 roots/plot 
across 6 replicates
Plant date #3:  16 roots/plot 
across 6 replicates
Plant date #4:  vascular 
necrosis not assessed



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2024):
Symptoms characteristic of Aphanomyces root rot were 
predominant.  Differences in tolerance drove yield response.

% of epicotyl and top 1-in. of tap root with Aphanomyces root rot symptoms

SAMPLE SIZE USED FOR 
ANALYSIS:
Plant date #1:  36 roots/plot 
across 6 replicates
Plant date #2:  36 roots/plot 
across 6 replicates
Plant date #3:  16 roots/plot 
across 6 replicates
Plant date #4:  vascular 
necrosis not assessed



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2023)
NS = not significantly different (P > 0.05)   *  significantly different, P < 0.05 

**  significantly different, P < 0.01   ***  significantly different, P < 0.001

Results across 11 
studies, 4 plant 
dates/study
(May 22 - June 9)

Seeding rate:  
330,000 viable 
seeds/ac   

Row spacing = 7.5 
inches

Wilt was assessed 
during pod-fill. 
Visual estimate of the 
percent of the plants 
exhibiting wilt symptoms.
Plant date #1:  16-45% pods 
fully filled
Plant date #2:  16-71% pods 
fully filled
Plant date #3:  32-75% pods 
fully filled
Plant date #4:  28-91% pods 
fully filled



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2023)

Results across 11 studies, 4 plant dates/study (May 22 - June 9)
Seeding rate:  330,000 viable seeds/ac   
Row spacing = 7.5 inches

NS = not significantly different 
*  significantly diff., P < 0.05 
**  significantly diff. P < 0.01 

***  sig. diff. P < 0.001

Results across 11 
studies, 4 plant 
dates/study
(May 22 - June 9)

Seeding rate:  
330,000 viable 
seeds/ac   

Row spacing = 7.5 
inches

Wilt was assessed 
during pod-fill. 
Visual estimate of the 
percent of the plants 
exhibiting wilt symptoms.
Plant date #1:  16-45% pods 
fully filled
Plant date #2:  16-71% pods 
fully filled
Plant date #3:  32-75% pods 
fully filled
Plant date #4:  28-91% pods 
fully filled



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2023) NS = not significantly different   *  significantly different, P < 0.05 
**  significantly different, P < 0.01    ***  significantly different, P < 0.001

Results across 11 
studies, 4 plant 
dates/study
(May 22 - June 9)

Seeding rate:  
330,000 viable 
seeds/ac   

Row spacing = 7.5 
inches

Root rot was 
assessed at early/mid 
vegetative growth.
Percent of the epicotyl plus 
first 2.5 cm of the tap root 
exhibiting yellow-brown 
cortical decay characteristic 
of Aphanomyces root rot 
and necrosis characteristic 
of Fusarium root rot
Plant date #1:  4-8 nodes
Plant date #2:  4-8 nodes
Plant date #3:  4-9 nodes
Plant date #4:   5-11 nodes

Sample size = 36 plants per 
plot x 6 replicates



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection
Results across 11 studies, 4 plant dates/study (May 22 - June 9)
Seeding rate:  330,000 viable seeds/ac   Row spacing = 7.5 inchesCarrington, ND (2023)



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2024)
Results across 11 studies, 4 
plant dates/study (April 23 - June 
13)
Seeding rate:  330,000 viable 
seeds/ac   
Row spacing = 7.5 inches

Wilt was assessed at mid to late 
pod-fill. 
Visual estimate of the percent of the 
plants exhibiting wilt symptoms.
Plant date #1:  55-100% pods fully filled
Plant date #2:  30-100% pods fully filled
Plant date #3:  30-100% pods fully filled
Plant date #4:  10-100% pods fully filled

NS = not significantly different 
*  significantly different, P < 0.05 
**  significantly different, P < 0.01 
***  significantly different, P < 0.001



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Results across 11 studies, 4 
plant dates/study (April 23 - June 
13)
Seeding rate:  330,000 viable 
seeds/ac   
Row spacing = 7.5 inches

Carrington, ND 
(2024)

NS = not significantly different 
*  significantly different, P < 0.05 
**  significantly different, P < 0.01 
***  significantly different, P < 0.001

Wilt was assessed at 
mid to late pod-fill. 
Visual estimate of the 
percent of the plants 
exhibiting wilt symptoms.
Plant date #1:  55-100% 
pods fully filled
Plant date #2:  30-100% 
pods fully filled
Plant date #3:  30-100% 
pods fully filled
Plant date #4:  10-100% 
pods fully filled



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Carrington, ND (2024)
Results across 11 
studies, 4 plant 
dates/study (April 23 -
June 13)
Seeding rate:  330,000 
viable seeds/ac   
Row spacing = 7.5 
inches
NS = not significantly different 
*  significantly different, P < 0.05 
**  significantly different, P < 0.01 
***  significantly diff., P < 0.001

Root rot was 
assessed at early/mid 
vegetative growth.
Percent of the epicotyl plus 
first 2.5 cm of the tap root 
exhibiting yellow-brown 
cortical decay characteristic 
of Aphanomyces root rot 
and necrosis characteristic 
of Fusarium root rot
Plant date #1:  4-6 nodes
Plant date #2:  4-8 nodes
Plant date #3:  5-11 nodes
Plant date #4:  not assessed

Sample size = 36 plants per 
plot x 6 replicates (plant 
dates #1, #2); 16 plants x 6 
replicates (plant date #3)



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Williston, ND (2023):  studies conducted under very low root rot pressure
Results across 3 
studies, 4 plant 
dates/study (April 25 –
May 17)
Seeding rate:  330,000 
viable seeds/ac   
Row spacing = 7.0 
inches
NS = not significantly different 
*  significantly different, P < 0.05 
**  significantly different, P < 0.01 
***  significantly diff., P < 0.001

Root rot was 
assessed at early/mid 
vegetative growth.
Percent of the epicotyl plus 
first 2.5 cm of the tap root 
exhibiting yellow-brown 
cortical decay characteristic 
of Aphanomyces root rot 
and necrosis characteristic 
of Fusarium root rot
Plant date #1:  5-7 nodes
Plant date #2:  5-8 nodes
Plant date #3:  5-8 nodes
Plant date #4:  5-8 nodes

Sample size = 50 plants per 
plot x 6 replicates



Fusarium and Aphanomyces root rot of field peas:  Impact of variety selection

Williston, ND (2023):  studies conducted under very low root rot pressure
Results across 3 
studies, 4 plant 
dates/study (April 25 –
May 17)
Seeding rate:  330,000 
viable seeds/ac   
Row spacing = 7.0 
inches
NS = not significantly different 
*  significantly different, P < 0.05 
**  significantly different, P < 0.01 
***  significantly diff., P < 0.001

Root rot severity 
was very low across 
all planting dates 
and both varieties:
average 3-4% at 
early/mid vegetative 
growth in all planting 
dates and both 
varieties (see 
previous slide).
Percent of the epicotyl plus 
first 2.5 cm of the tap root 
exhibiting yellow-brown 
cortical decay characteristic 
of Aphanomyces root rot 
and necrosis characteristic 
of Fusarium root rot
Plant date #1:  5-7 nodes
Plant date #2:  5-8 nodes
Plant date #3:  5-8 nodes
Plant date #4:  5-8 nodes

Sample size = 50 plants per 
plot x 6 replicates



The results suggest that there may be strong differences in tolerance to 
Aphanomyces and Fusarium root rot across field pea varieties.

The results also suggest that it may be possible to achieve excellent 
management of Aphanomyces and Fusarium root rot in field peas through the 
integrated use of tolerant varieties, planting date and fungicide seed treatment.

These results need to be confirmed at on-farm sites.

The strains of Aphanomyces euteiches, the Fusarium species, and the relative 
importance of Aphanomyces versus Fusarium can differ across fields.

In 2025, field testing will be expanded to on-farm sites in western North Dakota.

Conclusions:
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