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FUSARIUM

• Reddish-brown to black 
necrosis

APHANOMYCES

• Diseased tissue initially 
yellow-brown; later, necrotic

• Cortex often sloughs off 
when plant is pulled 

Healthy (left) and diseased 
(right) lentils (lentil picture
courtesy L. Porter, USDA-ARS)



FUSARIUM

• True fungus
• Produces long-term 

resting structure called 
‘chlamydospore’ 

APHANOMYCES

• A water mold 
(“oomycete” pathogen)

• Produces long-term 
resting structure called 
‘oospore’



Study design:
Randomized studies with six replicates (randomized complete block design)

Plots 30 ft x 60 ft at planting, 20 ft x 60 ft at harvest
Row spacing = 7.5 inches
Seeding rate = 330,000 viable seeds/ac
Zero tillage.
 Carrington:  zero tillage since the start of the study in 2014
 Hettinger:  long-term no-till prior to the start of the study in 2014

Research methods:

Data collection:
Root rot:  assessed at early to mid vegetative growth (4-10 nodes) in Carrington and 
at bloom initiation in Hettinger.  The percent of the epicotyl + top 2.5 cm of the tap root diseased; 
assessed on minimum 50 roots/plot.  Roots were collected from a minimum 6 locations per plot outside of the 
area assessed for yield.  Yield was assessed in the middle 20 feet of each 30-foot wide plot.  Roots were dug 
from the first and last 5 feet of the 30-foot width.

Yield:  moisture was assessed at harvest and yields are reported at a standard 13.5% 
moisture

Aphanomyces and Fusarium root rot of field peas:  
Long-term crop rotation studies



HETTINGER:
Use of a 6-year but 
not a 4-year rotation 
conferred reductions 
in root rot.  

Root rot pressure was 
insufficient in 2020 
(when 6-year rotation 
was evaluated) to 
impact yield.

Within-column means followed by 
different letters are significantly different 

(P < 0.05; Tukey multiple comparison 
procedure).

(1)  Field with no prior history of field pea or lentil production
and no problems with pea or lentil root rot when this project was initiated in 2014

Aphanomyces and Fusarium root rot of field peas:  Long-term crop rotation studies



HETTINGER:
Root rot severity increased 
with the number of times peas 
were seeded to the field.

(1)  Field with no prior history of field pea or lentil production
and no problems with pea or lentil root rot when this project was initiated in 2014

Aphanomyces and Fusarium root rot of field peas:  Long-term crop rotation studies



(1)  Field with no prior history of field pea or lentil production
and no problems with pea or lentil root rot when this project was initiated in 2014

The results suggest that a 6-year crop rotation may help reduce 
the buildup of root rot.
• Confirmation will come in the 14th year of this study when peas will be 

planted to all of the rotation treatments (2- 3-, 4-, and 6-year rotations)

Aphanomyces and Fusarium root rot of field peas:  Long-term crop rotation studies



CARRINGTON:
Use of a 6-year 
rotation conferred 
reductions in root rot 
and commercially 
acceptable yields.  

The 4-year rotation 
with wheat and flax 
conferred reductions in 
root rot, but yields 
were not acceptable.

Data represent the average of non-treated 
and fungicide-treated seed.

Within-column means followed by 
different letters are significantly different 

(P < 0.05; Tukey multiple comparison 
procedure).

(2)  Field with a long history of field pea production
and elevated root rot pressure in field peas when this project was initiated in 2014

Aphanomyces and Fusarium root rot of field peas:  Long-term crop rotation studies



The combined use 
of fungicide seed 
treatment and 6-
year rotation 
conferred a 13 to 14 
bushel yield 
increase.

(2)  Field with a long history of field pea production
and elevated root rot pressure in field peas when this project was initiated in 2014

The insecticide imidacloprid (Gaucho, 1.6 fl oz/cwt) was applied with the fungicide seed treatment, but no insect pest pressure was observed.

Within-column means followed by different letters are significantly different (P < 0.05; Tukey multiple comparison procedure) or (P < 0.10) 
when an asterisk follows one of the letters. 

Seed treatment 
conferred a 7 to 10 
bushel yield 
increase in 4-year 
rotations but yields 
were still 
unacceptable.

Aphanomyces and Fusarium root rot of field peas:  Long-term crop rotation studies



CARRINGTON:
Root rot severity was closely 
correlated to soil temperatures 
in the 7 days after planting.

(2)  Field with a long history of field pea production
and elevated root rot pressure in field peas when this project was initiated in 2014

Data represent the average of non-treated and fungicide-treated seed.

Within-column means followed by different letters are significantly different (P < 0.05; Tukey multiple comparison procedure). 

Aphanomyces and Fusarium root rot of field peas:  Long-term crop rotation studies



The results suggest that satisfactory field pea yields can be 
achieved in fields with severe root rot pressure when a minimum 
6-year crop rotation is combined with early planting and use of a 
fungicide seed treatment.
• Crop rotation, early planting, and fungicide seed treatment each confer 

partial management of root rot in field peas.

• The combined use of all three tools has an additive effect for root rot 
management.

(2)  Field with a long history of field pea production
and elevated root rot pressure in field peas when this project was initiated in 2014

Aphanomyces and Fusarium root rot of field peas:  Long-term crop rotation studies



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 inches apart
Seeding rate = 330,000 viable seeds/ac. 
Tillage:  mixture of direct seeding into previous year’s crop (7 studies/year) and full 
conventional tillage (4 studies/year).

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

Aphanomyces and Fusarium root rot of field peas:  
Planting date studies conducted across fields 

differing in the interval since peas were last grown



Pathogen diagnostic testing
Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval



Vascular necrosis characteristic of Fusarium 
oxysporum wilt was observed only at low levels

Fusarium spp. isolated from vascular tissues at low 
levels, suggesting low F. oxysporum wilt pressure

Symptoms characteristic of Fusarium root rot 
were at moderate severity

Symptoms characteristic of Aphanomyces root rot 
were at very high severity

Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval



The pathogen diagnostic testing results and disease symptom 
assessments suggest that:
• Aphanomyces root rot, caused by Aphanomyces euteiches, 

was the predominant contributor to the observed root rot 
pressure and associated wilt symptoms.

• Fusarium root rot, caused by Fusarium avenaceum and 
presumably other Fusarium species,  was a moderate 
contributor to the observed root rot pressure and associated 
wilt symptoms.

• Fusarium oxysporum wilt, caused by F. oxysporum, was not a 
significant contributor to the observed wilt symptoms.

Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
Pathogen diagnostic testing and disease symptom expression

Carrington, ND (2024)
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Aphanomyces and 
Fusarium root rot of 

field peas:  
Impact of crop 
rotation interval
Carrington, ND

(2024)
Circles represent the results from 
one study.

Bars represent the average 
across studies.

Letters denote statistical 
differences. Within each set of 
four bars representing the four 
variety/seed treatment 
combinations evaluated within 
each planting date, different letters 
denote statistically significant 
differences (P < 0.05).

8 to 11 year rotation:  combined 
analysis across four studies.

3 to 4 year rotation:  combined 
analysis across five studies.



Aphanomyces and 
Fusarium root rot of 

field peas:  
Impact of crop 
rotation interval
Carrington, ND

(2024)
Circles represent the results from 
one study.

Bars represent the average 
across studies.

Letters denote statistical 
differences. Within each set of 
four bars representing the four 
variety/seed treatment 
combinations evaluated within 
each planting date, different letters 
denote statistically significant 
differences (P < 0.05).

5 to 6 year rotation:  combined 
analysis across two studies.

3 to 4 year rotation:  combined 
analysis across five studies.
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For fields with elevated Aphanomyces root rot pressure, the 
results suggest:
 When crop rotations are tight, field pea variety selection and 

planting date are critically important for achieving 
commercially acceptable field pea yields.

 A minimum five- to six-year rotation may confer flexibility with 
field pea variety selection when planting early.

 A minimum five- to six-year rotation may confer moderate 
flexibility with planting date (up to 2 to 2.5 weeks after 
reaching target 43-49°F soil temperature) when planting an 
Aphanomyces tolerant variety.

Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
Planting date studies conducted across fields differing in crop rotation interval

Carrington, ND (2024)



Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
Pathogen 

diagnostic testing

Pathogen 
diagnostic testing



The pathogen diagnostic testing results and disease symptom 
assessments suggest that:
• Aphanomyces root rot, caused by Aphanomyces euteiches, 

was the predominant contributor to the observed root rot 
pressure and associated wilt symptoms.

• Fusarium root rot, caused by various Fusarium species, was 
likely a moderate contributor to the observed root rot pressure 
and associated wilt symptoms.  Fusarium avenaceum was not detected, 
but some strains of F. oxysporum cause root rot in peas.  Other other species of 
Fusarium (not tested) also cause Fusarium root rot in peas.

• Fusarium oxysporum wilt, caused by F. oxysporum, was not a 
significant contributor to the observed wilt symptoms.

Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
Pathogen diagnostic testing

Carrington, ND (2023)
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Carrington, ND
(2023)

Circles represent 
the results from 
one study.

Bars represent the 
average across 
studies.

Letters denote 
statistical 
differences. Within 
each set of four 
bars representing 
the four 
variety/seed 
treatment 
combinations 
evaluated within 
each planting date, 
different letters 
denote statistically 
significant 
differences (P < 
0.05).

8 to 10 year 
rotation:  
combined analysis 
across five studies.

3 to 4 year 
rotation:  
combined analysis 
across four studies.
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Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
Planting date studies conducted across fields differing in crop rotation interval

Carrington, ND (2023)

For fields with elevated Aphanomyces root rot pressure, the 
results suggest:
 When early planting is not possible, losses to Aphanomyces 

root rot can be sharply mitigated through crop rotation 
(minimum 4-5 years out of peas) and field pea variety 
selection



 All of the planting date studies were conducted on fields that 
are utilized for foundation seed increase.  Some were 
conducted on fields predominantly utilized for foundation seed 
increase and occasionally utilized for small-plot research.

 Two fields had the same field pea rotation history except for a 
moderate-size footprint within each field where peas were 
grown in small-plot studies one year.

 Planting date studies were conducted on top of the footprint  
where peas were grown in small-plot studies several years 
prior and in the portion of the field where peas had only been 
grown for foundation seed increase.

 The studies had identical cropping history except for the one 
year where the previous small-plot studies had been 
conducted.

Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
Planting date studies conducted in fields with nearly identical crop rotation histories

Carrington, ND (2023-2024)



Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
Fields with a shared history of field peas except for one year

Carrington (2023-2024)



Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
Fields with a shared history of field peas except for one year; Carrington (2023-2024)



Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval

For fields with elevated Aphanomyces root rot pressure, the 
results suggest:
 The use of an extended crop rotation interval (in this case, 7-8 

years) and field pea variety selection are both useful tools for 
sharply reducing losses to Aphanomyces root rot.

Planting date studies conducted in fields with nearly identical crop rotation histories
Carrington, ND (2023-2024)



3-year crop rotation (2 years out of peas):
Early planting, variety selection, and seed treatment were critical

Carrington, ND (2024)
Study #1  Field 17

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



9-year crop rotation (8 years out of peas):
Penalty to delayed planting more modest; more flexibility on varieties with early planting 

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

Carrington, ND (2024)
Study #2  Field 18 south



For fields with elevated Aphanomyces and Fusarium root rot 
pressure, the results suggest:
 Crop rotation helps manage Aphanomyces and Fusarium root 

rot in field peas.
 Crop rotation provides partial management of the 

Aphanomyces and Fusarium root rot complex and must be 
combined with other tools – field pea variety selection, 
planting date, and fungicide seed treatment – to achieve 
satisfactory disease management.

 A minimum five- to six-year rotation may confer flexibility with 
field pea variety selection when planting early.

 A minimum five- to six-year rotation may confer moderate 
flexibility with planting date (up to 2 to 2.5 weeks after 
reaching target 43-49°F soil temperature) when planting an 
Aphanomyces tolerant variety.

Aphanomyces and Fusarium root rot of field peas:  Impact of crop rotation interval
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