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 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) B e




APHANOMYCES

* True fungus « A water mold
 Produces long-term (foomycete™ pathogen)
resting structure called * Produces long-term

‘chlamydospore’ resting structure called

‘oospore’




Aphanomyces and Fusarium root rot of field peas:

Long-term crop rotation studies

Research methods:

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.
m Carrington: zero tillage since the start of the study in 2014
m Hettinger: long-term no-till prior to the start of the study in 2014

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

(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
HETTINGER: Hettinger, ND
Use of a 6-year but 2018 2020 2022

not a 4-year rotation R 5 _
r verl
conferred reductions oot rot (/0 Seve ty)

) 2-year rotation
in root rot. e i I 2 a EE] c a

3-year rotation
peds wHeaT /whHeaT |10 data 27 b |no data

4-year rotation
ROOt rOt pressure WaS PEAS / WHEAT / WHEAT / WHEAT 1 a no data 77 a
' iCi ' 4-year rotation
I(nShUﬁICIGent In zotz? PEAS / WHEAT / FLAX / WHEAT 2 a no data 79 a
wnen o-year rotation 4-year rotation
WaS evalﬁated) tO PEAS / WHEAT / CANOLA / WHEAT 2 a no data 84 a
. : 6-year rotation |, ¢ata -20 a |no data
impact yield. CANOLA WHEAT, GORN

C\e 30.8 14.6 10.4

Yield (bu/ac)

y PEAS / WHEAT b 3

3-year rotation
PEAS / WHEAT / WHEAT no data no data
4-year rotation
PEAS / WHEXT/WHEAT / WHEAT 36 a no data 39 a
4-year rotation
PEAS / WHEAT / FLAX / WHEAT 32 a no data 36 a
Within-column means followed by PEASIWH4E;\ /ecaAgoilp_?\Eﬂ:ngﬂq 33 a |no data 35 a
different letters are significantly different 6 tati
(P < 0.05; Tukey multiple comparison PEAS/WH- A‘gaBKR[(E)Y/a Ion no data 32 ab |no data
procedure). CANOLA / WHEAT / CORN

CV: 10.7 .8 7.4



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

HETTINGER:

Root rot severity increased
with the number of times peas
were seeded to the field.
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Number of times that
peas had been planted
2-year crop rotation (pea/wheat); Hettinger, ND

Hettinger, ND

2018 2020 2022
Root rot (% severity)

2-year rotation Jf 2 36 Bk .

PEAS / WHEAT

YA |no data 27 b |no data
PEAS/W4HEXTeIVaVEEr;\?'t/?\:(I¥(E)pF 1 a |no data 77
PEAS f‘\!"v- EETES'I:L&?(J[/?VE!!CE)Q’ 2 a |[no data 79
PEAS/WH4E;\ /ecgltl-orl-_oAt/%VtIL(IE)J{‘l\' 2 a |no data 84

6-year rotation
PEAS / WHEAT / BARLEY / no data
CANOLA / WHEAT / CORN

-20 a |no data

CV: 30.3 14.6 10.4

Yield (bu/ac)

y PEAS /| WHEAT b 3
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PEAS / W4HEXTe/ aﬁE&?tf?vtrI&; 36 a |no data 39 a
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PEAS / WH4E;\ ﬁ:ﬁ:orl._oAtf%vtlng 33 a |nodata 35
PEASIW?—I- ATe/g:\-Rrng?tlon no data 32 ab |no data

CANOLA / WHEAT / CORN CV: 10.7 7.6 7.4



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 14t 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

(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

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-year rotation
PEAS / WHEAT

3-year rotation
PEAS / WHEAT / WHEAT

4-year rotation

PEAS / WHEAT / WHEAT / WHEAT

4-year rotation

PEAS / WHEAT / FLAX / WHEAT

4-year rotation

PEAS / WHEAT / CANOLA / WHEAT

6-year rotation
CV:

PEAS / WHEAT / BARLEY /
CANOLA / WHEAT / CORN

2-year rotation
PEAS / WHEAT

3-year rotation
PEAS / WHEAT / WHEAT

4-year rotation

Carrington, ND

2018 2020
Root rot (% severity)

2022

53 [CEN26

no data 19 »b
44 ab |no data

39 a |no data

44 ab |no data

no data 8 a
16.0 18.0

Yield (bu/ac)

85 L

no data

72
95
74

no data
10.7

28 BI_ oJll10

PEAS / WHEAT / WHEAT / WHEAT

4-year rotation
PEAS / WHEAT / FLAX / WHEAT

4-year rotation

PEAS / WHEAT / CANOLA / WHEAT
6-year rotation

PEAS / WHEAT / BARLEY /
CANOLA / WHEAT / CORN

no data

37 ab |no data

38 a |no data

no data no data

no data 47
CV: 18.3 5.0
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a

no data
21
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Aphanomyces and Fusarium root rot of field peas: Long-term crop rotation studies

(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 combined use  Carrington, ND (2020): 2-year 3-year 6-year
of fungicide seed  mpact of crop rotation interval with rotation rotation rotation
treatment and 6- and without fungicide seed treatment Yield (bushels/acre)
year rotation No fungicide seed treatment b b Vil
Conferre_d a13to14 Obvius (4.6 fl oz/cwt) a m I 49
bushel yield
Norease. Obvius + Intego Solo (4.6, 0.3 fl 0z) 39 [l A48
CV: 4.9

Carrington, ND 2-year 4-year 4-year 4-year
SR WL (2022) rotation rotation rotation rotation
conferred a 7 to 10 Impact of crop rotation pea / pea / wheat pea / wheat pea / wheat
bushel yie|d interval with and without  wheat wheat / wheat flax / wheat canola / wheat

. . fi
increase in 4_year ungicide seed treatment Yield (bushels/acre

rotations but yields No seed treatment *
were stil Obvius (4.6 fl oz/cwt)
unacceptable.

Cv: 30.8

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.



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

(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

CARRINGTON:

Root rot severity was closely
correlated to soil temperatures
in the 7 days after planting.
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Root rot = 0.3276%(Soil temperature)?
- 25.421*(Soil temperature) + 507.13

R?=0.9631

2022

2020
O 2014

42 44 46 48 50 52 54

Average soil temperature (day and night)
first 7 days after planting

NDAWN turf soil temperature, 4 in. below surface

2-year rotation
PEAS / WHEAT

3-year rotation
PEAS / WHEAT / WHEAT

4-year rotation
PEAS / WHEAT / WHEAT / WHEAT

4-year rotation
PEAS / WHEAT / FLAX / WHEAT

4-year rotation
PEAS / WHEAT / CANOLA / WHEAT

6-year rotation
CANOLA 1 \WHEAT/ GORN
CV:

2-year rotation

PEAS / WHEAT

3-year rotation
PEAS / WHEAT / WHEAT

4-year rotation
PEAS / WHEAT / WHEAT / WHEAT

4-year rotation
PEAS / WHEAT / FLAX / WHEAT

4-year rotation
PEAS / WHEAT / CANOLA / WHEAT

6-year rotation
CANGLA T WHEAT | CORN.
CV:

Carrington, ND

2018 2020 2022

Root rot (% severity)

- /-
no data 19 b [|nodata

44 ab |nodata 72 ab
39 a |nodata 55 a
44 ab |no data 74 ab
no data 8 a |nodata

16.0 18.0 10.7

Yield (bu/ac)

28 E-bIm c

no data

37 ab
38 a

no data

ho data
18.3

no data
no data

no data

47

5.0

ab

a

no data

21 ab
25 W
17 oc

no data
21.7

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

(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 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.



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

differing in the interval since peas were last grown

Research methods:

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).

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: Impact of crop rotation interval

Pathogen diagnostic testing

3 to 4 year rotation _
2 to 3 years out of peas Carrlngton, ND (2024)

Field: Field 17 18 north Field 1 Field Q9D

Average
Last year seeded to peas: 2021 2020 2020 2020 9 Diagnostic qPCR testing conducted by the National Agriculture
Aphanomyces euteiches (thousand DNA copies/gram of root) Genotyping Center. Results represent the average across nine
- gPCR tests per study (bulked samples across replicates 1 and
AAC Julius 13456 23709 10868 62634 27667 2, replicates 3 and 4, and replicates 5 and 6 from each of three
. planting dates). For all fields except 18south and 17, testing
AAC Profit 37538 23453 112343 83690 64256 was conducted only on non-fungicide treated seed and each of
H ; the 9 tests for each variety in each study represents a combined
Fusarium oxysporum (thousand DNA copies/gram of rOOt) sample of two 1-cm long epicotyl segments, one collected from
AAC Julius 0 0 0 0 0 each of the two experimental replicates bulked within that
: planting date. For fields 18south and 17, each of the 9 tests for
AAC Profit 0 0 0 0 0 each variety in each study represents the combined sample of
F . . 10 1-cm long epicotyl segments, one collected collected from
usarium avenaceum (thousand DNA copies/gram of root) each fungicide seed treatment (non-treated versus four different
AAC Julius 92 66 64 244 1 1 6 fungicide seed treatment) and two replicates. The 1-cm long
epicotyl segments were collected from a plant with root rot
AAC Profit 140 171 180 370 215 symptoms typical of that plot.
5 to 6 year rotation 8 to 11 year rotation
4 or 5 years out of peas 7 to 10 years out of peas
Field: Field Q9A Q9E west N Field Q9F 18 south Field Q9B Q9E east Field Q9G I
Last year seeded to peas: 2019 2018 9 2016 2015 2015 2015 2013 g
Aphanomyces euteiches (thousand DNA copies/gram of root) Aphanomyces euteiches
AAC Julius 66052 92513 79283 3 19479 29061 25648 21 14842
AAC Profit 42345 56400 49372 1 66357 29709 35824 2 26379
Fusarium oxysporum (thousand DNA copies/gram of root) Fusarium oxysporum
AAC Julius 0 0 0 0 0 0 0 0 0
AAC Profit 0 0 0 0 0 0 0 0 0
Fusarium avenaceum (thousand DNA copies/gram of root) Fusarium avenaceum
AAC Julius 314 1119 717 1 267 127 96 0 98

AAC Profit 127 205 166 0 387 84 249 0 144




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

Vascular necrosis

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

Combined
analysis

N
N
o K &

Field 17 Field 18 south
planting date 1 5-6 nodes 4-5 nodes
planting date 2 6-8 nodes 6-8 nodes
planting date 3 7-9 nodes ~5-8 nodes

AAC IronHorse 1.8 ab 1.1a
AAC Julius 44 c 19 a
ND Dawn 1.6 ab 0.8 a
Caphorn 2.0 ab 09a
AAC Profit 5] (5 1.3 a
LG Amigo 09a 1.2 a
F, P>F.  7.01,<0.0001 0.86, 0.5128
CV: 130.4 233.4

2.64,0.1552
38.8

Symptoms characteristic of Fusarium root rot

were at moderate severity

Fusarium root rot

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

Field 17 Field 18 south

planting date 1 5-6 nodes 4-5 nodes

planting date 2 6-8 nodes 6-8 nodes Combined

planting date 3 7-9 nodes ~5-8 nodes analysis
AAC IronHorse 19 ab 10 2
AAC Julius 27 b 19 b 234 |
ND Dawn 21 ab 11 ab
Caphorn 19 ab 11 ab m
AAC Profit 24 ab 15 ab
LG Amigo 15 a 9a (12 2 |

F, P>F: 3.52, 0.0066 3.03, 0.0166 35.70, 0.0006
cv 58.4 67.5 57

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

Fusarium vascular wilt microbiological assay

percent of stem sections with Fusarium spp. growing from vascular tissues

Field 17 Field 18 south
planting date 1 5-6 nodes 4-5 nodes
planting date 2 6-8 nodes 6-8 nodes Combined
planting date 3 7-9 nodes ~5-8 nodes analysis
AAC IronHorse 6 8
AAC Julius 3 3 [3a |
ND Dawn 6 5 6ab
Caphorn 3 4 m
AAC Profit 3 3 (3 ab |
LG Amigo 3 5 m
F. P>F: 7.65 0.0217
cv: 17.8

Symptoms characteristic of Aphanomyces root rot

were at very high severity

Aphanomyces root rot

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

Field 17 Field 18 south

planting date 1 5-6 nodes 4-5 nodes

planting date 2 6-8 nodes 6-8 nodes Combined

planting date 3 7-9 nodes ~5-8 nodes analysis
AAC IronHorse 56 ab 56 a
AAC Julius 48 a 48 a 48 =
ND Dawn 53 ab 53 a
Caphorn 51 ab 52 a
AAC Profit 52 ab 50 a
LG Amigo 62 b 55 a

F, P>F: 3.10,0.0134 1.26, 0.2934 7.48, 0.0227
CV: 26.4 19.4 35



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

Pathogen diagnostic testing and disease symptom expression
Carrington, ND (2024)

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

Crop rotation 3-4 years 5-6 years 8-11 years
interval 2-3 years out of peas 4-5 years out of peas 7-10 years out of peas

Planting date Root rot (% severity, early/mid vegetative growth)

3 a

June 12-13 [NO DATA NO DATA NO DATA

Carrington, ND (2024)

Average across two field pea varieties (‘AAC Julius’, ‘AAC Profit’ yellow peas) planted with or without
fungicide seed treatment (Obvius, 4.6 fl oz/cwt). Seeding rate = 330,000 viable seeds/ac.

Combined analysis across 11 fields (4 fields with a 3-4 year rotation, 2 fields with a 5-6 year rotation,
5 fields with a 8-11 year rotation) in Carrington, ND (2024).



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

Carrington, ND (2024)

April 23-24
May 10-12
May 22-23

June 12-13

Crop rotation 3-4 years 5-6 years 8-11 years
Interval 2-3 years out of peas 4-5 years out of peas 7-10 years out of peas
Planting date Root rot (% severity, early/mid vegetative growth)
April 23-24 a 3a
May 10-12
May 22-23
June 12-13 |NO DATA NO DATA NO DATA
Wilted plants (% incidence, mid/late pod-fill)
5 a 5a
20 B a
31 be b
48 c
Average across two field pea varieties (‘AAC Julius’, 'AAC Profit’ yellow peas) planted with or without
fungicide seed treatment (Obvius, 4.6 fl oz/cwt). Seeding rate = 330,000 viable seeds/ac.
Combined analysis across 11 fields (4 fields with a 3-4 year rotation, 2 fields with a 5-6 year rotation,
5 fields with a 8-11 year rotation) in Carrington, ND (2024).



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

Carrington, ND (2024)

Crop rotation 3-4 years 5-6 years 8-11 years

interval 2.3 years out of peas 4-5 years out of peas 7-10 years out of peas

Planting date Root rot (% severity, early/mid vegetative growth)
April 23-24
May 10-12
May 22-23
June 12-13 |NO DATA NO DATA NO DATA
Wilted plants (% incidence, mid/late pod-fill)
April 23-24 K[ a 5 a 5 a
May 10-12 ‘& % 20 [2 a
May 22-23 LI 31 be
June 1213 &I 48 c
Yield (bu/ac)

T

b

April 23-24 ¥ 43 a 50 a
May 10-12 KX 33 b 37 b
May 22-23 pZIE 25 b 29 c

June 12-13 ) ¢ 8 B 11

Average across two field pea varieties (‘AAC Julius’, ‘AAC Profit’ yellow peas) planted with or without

fungicide seed treatment (Obvius, 4.6 fl oz/cwt). Seeding rate = 330,000 viable seeds/ac.

Combined analysis across 11 fields (4 fields with a 3-4 year rotation, 2 fields with a 5-6 year rotation,

5 fields with a 8-11 year rotation) in Carrington, ND (2024).



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

Crop rotation 3-4 years 5-6 years 8-11 years
Interval 2-3 years out of peas 4-5 years out of peas 7-10 years out of peas

Planting date Root rot (% severity, early/mid vegetative growth)

April 23-24 3 a
May 10-12
May 22-23

June 12-13 |[NO DATA NO DATA NO DATA

Wilted plants (% incidence, mid/late pod-fill)
5a B a
20 [ a
31 be
48 c

F

April 23-24
May 10-12
May 22-23

June 12-13

b

Carrington, ND (2024)

April 23-24 43 a
May 10-12 33 b
May 22-23 25 b

June 12-13 3 K

Average across two field pea varieties (‘AAC Julius’, ‘AAC Profit’ yellow peas) planted with or without
fungicide seed treatment (Obvius, 4.6 fl oz/cwt). Seeding rate = 330,000 viable seeds/ac.

Combined analysis across 11 fields (4 fields with a 3-4 year rotation, 2 fields with a 5-6 year rotation,
5 fields with a 8-11 year rotation) in Carrington, ND (2024).



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.

Soil temperature at
2-inch seeding depth,
first 7 days after planting

8-11 year

) o
rotation =
7to 10 years ©
out of peas 3
o

o

1d

3-4 year
rotation

2 or 3 years
out of peas

Root rot (%)

Field pea variety:

AAC Julius or
AAC Profit

Seed treatment:

Obvius
4.6 fl oz/cwt

Seeding rate:
330,000 seeds/ac

Planting date #1

Planting date #2

Planting date #3
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Planting date #1 Planting date #2 Planting date #3

Soil t t
SplreleEEs Ene 2-inch seadine dentn, April 23-24 May 10-11 May 21-22
SVCEYVNR(IO N (IR  first 7 days after planting ~ 43.6 - 45.8°F 58.6 - 61.0°F 53.5 - 56.4°F
field peas: 5-6 year
Impact of crop - —_ a a a a
- . (=}
rotation interval rotation D a a a a ®© 000
_ 4dor5years ., @ 2 a @ ® 9o o T
Carl‘lngton, ND out of peas o (o) NerNeolo)) ™ (@) e ® o
(2024) S Tevs Jo.--C
‘8 @ @ ) @ ".—'
Circles represent the results from (o] .:,Fjb'é.‘ @ e
one study. (0 - ® 9 g ; |\: E E 8

Bars represent the average
across studies.

- a a a a a a a a
Letters denote statistical 3 -4t.¥t'ear — ® 0 0 g - %E%E:ﬂ%
differences. Within each set of r ion o -
four bars representing the four otatio é a a a a E:Ii?%'
variety/seed treatment 2o0or3 years ue I~ P
combinations evaluated within (@] (ap) -
each planting date, different letters out of peas L 8 0N C\l,’
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7
5 to 6 year rotation: combined Y '_‘;')%. @ ' ONNON FToOOMN<T
analysis across two studies. @ 00 00 00 OO (o) NeorNerNepl
3 to 4 year rotation: combined i iafy - T T O - T T O - T T T
analysis across five studies. Field pea variety: O O O O o O O O O O O O
y = +— 4 G4 4 - G e +— = 4 4
AAC Julius or T © © ® © © © © T © © @©
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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).

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

3 to 4 year
rotation:
combined analysis
across five studies.
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first 7 days after planting

5-6 year
rotation

4 or 5 years
out of peas

Yield (bu/ac)

3-4 year
rotation

2 or 3 years
out of peas

Yield (bu/ac)

Field pea variety:

AAC Julius or
AAC Profit

Seed treatment:

Obvius
4.6 fl oz/cwt

Seeding rate:
330,000 seeds/ac

Planting date #1

Planting date #2

Planting date #3

April 23-24 May 10-11 May 21-22 June 12-13
43.6 - 45.8°F 58.6 - 61.0°F 53.5 - 56.4°F 65.2 - 67.6°F
a a a a a a a a
!F'... .. a a b b
..gﬁ-_ -I:| . ab 2 b b
CI ;-.~.___ ;:. -
. | s . oN
0° TogY™
N LO NN O MNDNM (o2 ol Sl o
Sttt OFTNN NOANN B8
ab a b b a a b b a a b b a a b b
..
o
~f o o
8o ‘*‘-“'*ﬁﬁ N o
° "wEae 00T <~
= - -
- g .
E.jcgj ‘?." L. _ .Tﬂ'ﬂ'
O N o =N oo 6 ~-&
R NN T
T T T © T T T O T T T O T T T O
L2839 L2 299 L2 2329 L 239
© © ®© @© T © © @© @ © © @© T ®© ® @©
A OO o 0 O Q0 o 0o OO o 0 D QO
S g S = S g S = C g S S g S =
c2c%s e£3:cF e2e8F =3E%
U):.":n_ U):.":n_ (D:.":n_ (D:.":n_
£35% £38% £3§5% £3%
= = - =
3 o 3 o 3 o 3 o

Planting date #4



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)

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

~ Pathogen 3 to 4 year rotation Carrington, ND
diagnostic testing 2 or 3 years out of peas 2023
Field: Field Q9D  F18 north Field 1 F18 north Field Q9A Average ( )
Last year seeded to peas: i 2020 2020 ] 2020 2019 2019 Diagnostic gPCR testing conducted by
Aphanomyces euteiches (thousand DNA copies/gram of root) the National Agriculture Genotyping
. Center. Results represent the average
AAC Julius 38558 16818 154627 10670 319 44198 across four QPCR tests per study (one
AAC Profit 40581 10563 120633 957 47422 44031 per planting date). Each test
- : represents a combined sample of six 1-
Fusarium oxysporum (thousand DNA copies/gram of root) cm long epicotyl segments, one
. collected from each of the six
AAC Julius 0 1.9 0 0 5.0 1.4 experimental replicates within each
AAC Profit 0 0 0 0 0 0 planting date. The 1-cm long epicotyl
segments were collected from a plant
Fusarium avenaceum (thousand DNA copies/gram of root) with root rot symptoms typical of that
- plot. Testing was only conducted on
AAC Julius 0 0 0 0 0 0 plants grown from non-treated seed (no
AAC Profit 0 0 0 0 0 0 fungicide seed treatment).
Pathogen 5 to 7 year rotation 8 to 10 year rotation

diagnostic testing 4 or 6 years out of peas
Field: Q9E west  Field Q9F

Last year seeded fo peas: 2018 2016 AVel'age

Aphanomyces euteiches (thousand DNA copies/gram of root)
AAC Julius 17290 0 8645
AAC Profit 72670 0 36335

Fusarium oxysporum (thousand DNA copies/gram of root)
AAC Julius 0 1.6 0.8
AAC Profit 0 0 0

Fusarium avenaceum (thousand DNA copies/gram of root)

AAC Julius 0 0 0
AAC Profit 0 0 0

7 to 9 years out of peas

Field Q9B F18 south Q9Eeast Field Q9G Average
2015 2015 2015 2013
Aphanomyces euteiches
47830 25260 10616 0 20926
37114 751 110068 0 36983
Fusarium oxysporum
0 0 0 4.8 1.2
0 0 0 0 0
Fusarium avenaceum
0 0 0 0 0
0 0 0 0 0




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

Pathogen diagnostic testing
Carrington, ND (2023)

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

Carrington, ND (2024)

Crop rotation 3-4 years S5or7years 7-10 years
interval 2-3 years out of peas 4-6 years out of peas 6-9 years out of peas

Planting date Root rot (% severity, early/mid vegetative growth)
May 22-23 KX}
May 26 LIRS
June 1 or 6 J“E
June 7 or 9 P4Z¥E

Average across two field pea varieties (‘AAC Julius’, ‘AAC Profit’ yellow peas) planted with or without
fungicide seed treatment (Obvius, 4.6 fl oz/cwt). Seeding rate = 330,000 viable seeds/ac.

Combined analysis across 11 fields (4 fields with a 3-4 year rotation, 2 fields with a 5 or 7 year rotation,
5 fields with a 7-10 year rotation) in Carrington, ND (2023).



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

Carrington, ND (2024)

Crop rotation 3-4 years S5or7years 7-10 years
interval 2-3 years out of peas 4-6 years out of peas 6-9 years out of peas

Planting date Root rot (% severity, early/mid vegetative growth)
May 22-23 KXY
May 26 LIRS
June 1 or 6 I
June 7 or 9 pPZE
Wilted plants (%

May 22-23 EE
May 26
June 1 or 6 KZELR
June 7 or 9 [Zh)S

Average across two field pea varieties (‘AAC Julius’, ‘AAC Profit’ yellow peas) planted with or without
fungicide seed treatment (Obvius, 4.6 fl oz/cwt). Seeding rate = 330,000 viable seeds/ac.

Combined analysis across 11 fields (4 fields with a 3-4 year rotation, 2 fields with a 5 or 7 year rotation,
5 fields with a 7-10 year rotation) in Carrington, ND (2023).



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

Carrington, ND (2024)

Crop rotation 3-4 years S5or7years 7-10years
interval 2-3 years out of peas 4-6 years out of peas 6-9 years out of peas

Planting date Root rot (% severity, early/mid vegetative growth)
May 22-23 EXJS
May 26 LK
June 1 or 6 IE
June 7 or 9 pPLE

May 22-23 ELE
May 26 [FEIEE
June1or6
June 7 or 9 448
Yield (bu/ac)

May 22-23 EEE
May 26 Y&
June 1 or 6 [LERS
June 7 or 9 E{J

Average across two field pea varieties (‘AAC Julius’, ‘AAC Profit’ yellow peas) planted with or without
fungicide seed treatment (Obvius, 4.6 fl oz/cwt). Seeding rate = 330,000 viable seeds/ac.

Combined analysis across 11 fields (4 fields with a 3-4 year rotation, 2 fields with a 5 or 7 year rotation,
5 fields with a 7-10 year rotation) in Carrington, ND (2023).



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

Carrington, ND (2024)

Crop rotation 3-4 years S5or7years 7-10years
interval 2-3 years out of peas 4-6 years out of peas 6-9 years out of peas

Planting date Root rot (% severity, early/mid vegetative growth)
May 22-23 Kxj:
May 26 [IX
June 1 or 6 JE
June 7 or 9 P4ZE

May 22-23 ELE
May 26
June 1 or 6 Kl EE
June 7 or 9 [LEES
Yield (bu/ac)

May 22-23 LE
May 26 Y&
June 1 or 6 LR
June 7 or 9 i

Average across two field pea varieties (‘AAC Julius’, ‘AAC Profit’ yellow peas) planted with or without
fungicide seed treatment (Obvius, 4.6 fl oz/cwt). Seeding rate = 330,000 viable seeds/ac.

51 a
46 a
99 a
53 a

Combined analysis across 11 fields (4 fields with a 3-4 year rotation, 2 fields with a 5 or 7 year rotation,
5 fields with a 7-10 year rotation) in Carrington, ND (2023).
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and Fusarium Soil temperature at

Planting date #1

Planting date #2

root rot of field

peas: Impact of
crop rotation
interval

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
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combined analysis
across four studies.
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Aphanomyces

Planting date #1 Planting date #2 Planting date #3 Planting date #4
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Aphanomyces
and Fusarium
root rot of field

peas: Impact of
crop rotation
interval

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.

Soil temperature at
2-inch seeding depth,
first 7 days after planting

8-10 year
rotation
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out of peas

Wilt (% plants)
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Wilt (% plants)
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Aphanomyces
and Fusarium
root rot of field

peas: Impact of
crop rotation
interval

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.

5 or 7 year
rotation:
combined analysis
across two studies.

Soil temperature at
2-inch seeding depth,
first 7 days after planting

5-7 year
rotation

4 or 6 years
out of peas

Wilt (% plants)

3-4 year
rotation

2 or 3 years
out of peas

Wilt (% plants)

Field pea variety:

AAC Julius or
AAC Profit

Seed treatment:

Obvius
4.6 fl oz/cwt

Seeding rate:
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Aphanomyces
and Fusarium
root rot of field

peas: Impact of
crop rotation
interval

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.

Soil temperature at
2-inch seeding depth,
first 7 days after planting

8-10 year
rotation

7/ to 9 years
out of peas

Yield (bu/ac)

3-4 year
rotation

2 or 3 years
out of peas

Yield (bu/ac)

Field pea variety:

AAC Julius or
AAC Profit

Seed treatment:

Obvius
4.6 fl oz/cwt

Seeding rate:
330,000 seeds/ac

Planting date #1

Planting date #2

Planting date #3

Planting date #4

May 22-23 May 26 June 1,6 June 7,9
69.7 - 72.4°F 69.5 - 73.9°F 73.3 - 75.9°F 72.2 - 7T4.4°F
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Aphanomyces
and Fusarium
root rot of field

peas: Impact of
crop rotation
interval

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.

5 or 7 year
rotation:
combined analysis
across two studies.

Soil temperature at
2-inch seeding depth,
first 7 days after planting

5-7 year
rotation

4 or 6 years
out of peas

Yield (bu/ac)

3-4 year
rotation

2 or 3 years
out of peas

Yield (bu/ac)

Field pea variety:

AAC Julius or
AAC Profit

Seed treatment:

Obvius
4.6 fl oz/cwt

Seeding rate:
330,000 seeds/ac

Planting date #1

Planting date #2

Planting date #3

Planting date #4

May 22-23 May 26 June 1, 6 June 7,9
69.7 - 72.4°F 69.5 - 73.9°F 73.3 - 75.9°F 72.2 - 74.4°F
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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



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)

» 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

Fields with a shared history of field peas except for one year
Carrington (2023-2024)

2-3 years out of peas 7-8 years out of peas
3:2 F128 ngrth F128 ngrth F128 D';Th Combined analysis F1;305203u th F1§Os§:th Combined analysis
Last year seeded to peas: 2020 2019 2020  2-3 years out of 2015 2015  7-8 years out of
Years out of peas: 2 3 3 peas 7 8 peas
Aphanomyces euteiches (thousand DNA copies/gram of root)
AAC Julius 16818 10670 ifg;c;siﬂnc 25260 c:gsgir;zsiﬁnc
AAC Profit 10563 957 progress 751 progress
Fusarium oxysporum (thousand DNA copies/gram of root)
AAC Julius 1.9 0 diagnostic 0 diagnostic
testing in testing in
AAC Profit 0 0 progress 0 progress
Root rot severity (%, early/mid vegetative growth) ——
AACJulius 50a 34a 63a ELE oa 66a 259,
. o
AAC Profit 47a 34a 63a [LEE 7a 67a reduction
Wilted plants (% of plants, mid/late pod-fill) i
AAC Julius 57 a 29 a 20 b 25 a 33 a 38%
AAC Profit 79 b 91 b 56 a 38b 54 b reduction

Yield (bu/ac)

YIELD
AAC Julius 31 a 26 a 37b 45 a 35a EhE 470/

o
AAC Profit 115D 9 b 23 a 30 b 24 b WARS

increase

Average across peas grown from non-treated seed and seed treated with fungicide seed treatment (Obvius @ 4.6 fl oz/cwt)
Average across four planting dates: May 22, May 26, June 1, and June 7 (2023); April 23, May 11, May 21, and June 13 (2024)
Means followed by different letters are significantly different (P < 0.05 unless followed by two asterisks, in which case P < 0.10) 10)



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)

4-5 years out of peas 7-8 years out of peas
Field Q9E west Q9E west . i QO9E east QOE east . .
—_— 2023 2024 Combined analysis 2023 2024 Combined analysis
Last year seeded to peas: 2018 2018  4-5 years out of 2015 2015  7-8 years out of
Years out of peas: 4 5 peas 7 8 peas
Aphanomyces euteiches (thousand DNA copies/gram of root)
AAC Julius 17290  dagnostc 10616  diagnostc
. testing in ' testing in
AAC Profit 72670 progress 110068 progress
Fusarium oxysporum (thousand DNA copies/gram of root)
AAC Julius 0 diagnostic 0 diagnostic
- testing in testing in
AAC Profit 0 progress 0 progress

Root rot severity (%, early/mid vegetative growth)

AAC Julius 55 a 62 a m 29 a il Y ROOT ROT

o
AACProfit 502 602 [N 282 45a 35%

reduction
Wilted plants (% of plants, mid/late pod-fill)

AAC Julius 49a 29a [KEENM 40a 28a

AACProfit 72b 56b LI 41a 52b

reduction

Yield (bu/ac)

AACJulius 38a 202 [EVEB  58= 40- [LER 69%
0
AAC Profit 19 b 18 b m 46 b 20 a 36 b increase

Average across peas grown from non-treated seed and seed treated with fungicide seed treatment (Obvius @ 4.6 fl oz/cwt)
Average across four planting dates: May 22, May 26, June 1, and June 7 (2023); April 23, May 11, May 21, and June 13 (2024)
Means followed by different letters are significantly different (P < 0.05 unless followed by two asterisks, in which case P < 0.10)



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)

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.



3-year crop rotation (2 years out of peas):

Early planting, variety selection, and seed treatment were critical

Carrington, ND (2024)

Planting date #1

Planting date #2

Planting date #3

Planting date #4

Study #1 Field 17 Date: April 23-24 May 10 May 22 June 12-13
soil temperature: 45.2°F 60.3°F 56.4°F 67.6°F
average soil temp. at seeding depth in the 1% 7 days after planting Wilted plants (%) Yield (bu/ac) Wilted plants (%) Yield (bu/ac) Wilted plants (%) Yield (bu/ac) Wilted plants (%) Yield (bu/ac)
Field pea 80-97% pods fuly 43 504 moisture 75-90% pods fully 43 50 moisture 85-100% pods fUlly 43 5ot moisture 40-85% pods fully 43 506 moisture
variety Fungicide seed treatment filled filled filed filled
AAC IronHorse Non-treated seed Ja 69 a* 18 a* 30 a* EEd 55 a* . 14 b*
AAC IronHorse Obvius, 4.6 fl ozicwt 2a 13 a 25 a 58 a ] 14b
AAC IronHorse Obvius, 4.6 fl oz/ewt + Relenya, 0.4 fl oz/cwt 3a 85 a 17 a 54 a 24 a 37 a 59 a |:| 13 b
AAC IronHorse Vibrance Total, 5 fl oz/ewt 3a 77 a 15 a 50 a 23 a 45a | 44 a [ 117 a
AAC IronHorse Vibrance Total, 5 fl oz + Trebuset, 0.614 fl oz/ewt 3a 73 a 12 a 50 a 23 a 37 a : 19 a
CV: 471 146 36.1 141 288 204 598 133
AAC Julius Non-treated seed 10 a* 27 a* 57 a* B 18 71 b* B 12 b
AAC Julius  Obvius, 4.6 fl oziowt 8a 22 a 42 a 53 a [ 254 72 b [ 12bc
AAC Julius Obvius, 4.6 fl oz/ewt + Relenya, 0.4 fl oz/cwt 10 a 80 a 26 a 41 a 57 a ] 19a 72 b Ll 12¢
AAC Julius Vibrance Total, 5 fl oz/cwt 8a 87 a 23 a 44 a 47 a :I 25a 65 ab : 16 ab
AAC Julius  Vibrance Total, 5 fl oz + Trebuset, 0.674 l ozicwt 6a 20 a 45 a 45 a [26a 58 a 117 a
CV: 448 109 256 18.0 190 318 11.2 175
ND Dawn Non-treated seed 10 b*t 41 a* Bl 310 442 | FEER 58 a* M 152
ND Dawn Obvius, 4.6 fl oz/owt 5a 79 a | 39a 41a 47a ] 27a 62 a [ ]14a
ND Dawn Obvius, 4.6 fl oz/cwt + Relenya, 0.4 fl oz/cwt 6 ab 74 a 38 a 38ab 46 a L 28a 65 a ] 13 a
ND Dawn Vibrance Total, 5 fl oz/cwt 5a 77 a 29 a 43 a 36 a 32a 59 a :| 17 a
ND Dawn Vibrance Total, 5 fl oz + Trebuset, 0.614 fl oz/cwt 5a 3Ma 42 a 36 a S 33a 58 a E 18 a
CV: 20.8 71 23.2 14.5 30.8 246 17.8 209
Caphorn Non-treated seed 20 b* [67 a5 | 78 ¢* B 23= 78 ab* B 10 a0 84 a* | CES
Caphorn Obvius, 4.6 ozlowt 9 ab 64 b || 25a 73 ab L] 10ab 88 a I 4a
Caphorn Obvius, 4.6l oz/owt + Relenya, 0.4 fl oz/owt 9 ab 68 bc ] 24a 83 b 0 sb 84 a 0 3a
Caphorn Vibrance Total, 5 fl oz/cwt 8a 54 a L | 2a 73 ab 13 ab 89 a D 4a
Caphorn Vibrance Total, 5 fl oz + Trebuset, 0.614 fl ozfewt 8a 53 a 32a 65 a |:| 16 a 76 a E 6 a
CV: 60.9 9.9 1.0 273 106 36.4 176 50.8
AAC Profit Non-treated seed 47 b* 89 b* B 1oc 80 b* B 102 90 ab* I 2v
AAC Profit Obvius, 4.6 fl ozfowt 33 ab 47 b 80 ab ] 15 abc 82b [ 10a 90 ab I 3b
AAC Profit Obvius, 4.6l ozfowt + Relenya, 0.4 fl ozicwt 33 ab 83 ab ] 14bc 86 b [ sa b 0 2b
AAC Profit Vibrance Total, 5 fl ozicwt 28 a 70 a 80 ab [ ]20ab 76 ab 9a 88 ab 0 3a
AAC Profit Vibrance Total, 5 fl oz + Trebuset, 0.614 flozicwt 24 a [59ab | 69 a [ J21a 63 a 16 a 78 a [l 5a
CV: 292 147 10.4 250 10.2 38.2 83 337
LG Amigo Non-treated seed 72 b* - 27 a* 96 b* B &b 95 b* [ S 66 a* I 2=
LG Amigo Obvius, 4.6 fl aziowt 51 a T 37a 88 b [l sab 88 b [[9a 65 a [l 5a
LG Amigo Obvius, 4.6 fl oz/ewt + Relenya, 0.4 fl oz/cwt 60 ab 30 a 91b D 6b 95 b D 6 a 59 a D 6 a
LG Amigo Vibrance Total, 5 fl ozicwt 52 ab 39a 83 ab 10 ab 86 b [ 6a 66 a 0 6a
LG Amigo Vibrance Total, 5 fl oz + Trebuset, 0.614 fl oz/cwt 56 ab \ |39 3 68 a 12 a 66 a 8 a 59 a D 9a
CV: 199 26.5 10.2 38.4 9.5 61.0 11.8 39.7

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

Carrington, ND (2024) Planting date #1 Planting date #2 Planting date #3 Planting date #4
. Date: April 23 May 12 May 22 June 12
StUdy #2 Fleld 18 SOUth soil temperature: 45.8°F 58.6°F 55.3°F 67.0°F
average soil temp. at seeding depth in the 1°' 7 days after planting Wilted plants (%) Yield (bu/ac) Wilted plants (%) Yield (bu/ac) Wilted plants (%) Yield (bu/ac) Wilted plants (%) Yield (bu/ac)
Field pea 85-100% podsfully 5 oo o0 70-100% pods fully o e 85-100% pods fully 1o gy 78-100% pods fully 4 g L
variety Fungicide seed treatment filled filled filled filled
AAC IronHorse Non-treated seed 3a (62 a* | 6 a* 7 a* m 78 a* - 21 b*
AAC IronHorse Obvius, 4.6 fl oz/icwt 1a 69 a 6 a 7a 73 a |:|24 ab
AAC IronHorse Obvius, 4.6 fl oziowt + Relenya, 0.4 fl ozicwt 2a 8a 9a 46 a 77 a L 21b
AAC IronHorse Vibrance Total, 5 fl ozicwt 2a 65 a 4a 44 a 6 a 44 a 73 a :|25 ab
AAC IronHorse Vibrance Total, 5 fl oz + Trebuset, 0.614 fl azicwt 1a [65 a | 3a 45 a 5a 45 a 69 a 25 a
CV: 628 79 586 98 352 70 125 112
AAC Julius Non-treated seed 3a* HEHE 17 b* EER 20 a* [32 b | 92 a* 17
AAC Julius Obvius, 4.6 fl ozicwt 5a 60 a 10 ab 34 a 28 a 31b 92 a [] 18bc
AAC Julius Obvius, 4.6 fl oz/owt + Relenya, 0.4 fl ozicwt 6a 13 ab 33 a 24 a 32b 92 a L 17be
AAC Julius  Vibrance Total, 5 fl ozicwt 2a [58a | 7a 35 a 19 a 35 ab 86 a L |20a
AAC Julius Vibrance Total, 5 fl oz + Trebuset, 0.614 fl oz/cwt 1a 81 a 7 a 35 a 21 a 38 a 85 a \_l 23 a
cv: 113.7 6.6 46.6 14.1 28.4 8.5 6.8 9.7
ND Dawn Non-treated seed 5 a* m 14 a* m 21 a* 93 ab* - 19 b*
ND Dawn Obvius, 4.6 fl ozicwt 2a [59a | 1Ma 40 a 13 a 39a 94 b [ 119>
ND Dawn Obvius, 4.6 fl oziewt + Relenya, 0.4 fl ozicwt 2a 59 a 13 a 15 a 94 b [ 180
ND Dawn Vibrance Total, 5 fl oz/ewt Ja 15 a 17 a 88 ab |:24 a
ND Dawn Vibrance Total, 5 fl oz + Trebuset, 0.614 fl oz/cwt 3a |59 a 10 a 37 a 11 a 39 ab 88 a 25 a
CV: 960 16 444 139 404 112 42 122
Caphorn Non-treated seed 14 a* m 34 a* E:ﬂ 36 b* m 94 b* . 9 b*
Caphorn Obvius, 4.6 fl oz/cwt 13 a [58a 24a [32a | 30 ab 30 ab 88 ab [ 12a
Caphorn Obvius, 4.6 fl oz/cwt + Relenya, 0.4 fl ozicwt 19 a [66a 25 a 30 ab 94 ab [1100b
Caphorn Vibrance Total, 5 fl ozjewt 14 a 26 a 31 a 24 ab 31 ab 84 ab |: 12 b
Caphorn Vibrance Total, 5 fl oz + Trebuset, 0.614 fl oz/ewt 14 a 57 a 23 a 34 a 21a 34 a 82 a D1G a
CV: 390 76 259 145 26.7 110 87 175
AAC Profit Non-treated seed 24 b* W 55 b* - 19 ¢* 65 b* - 16 ¢* 99 a* I 4 b
AAC Profit Obvius, 4.6 fl oz/ewt 13 ab 42 ab [ 260 57 ab [ 18bc 97a [l 5ab
AAC Profit Obvius, 4.6 fl oz/cwt + Relenya, 0.4 fl ozicwt 20 ab 41 ab [ 23nc 63 b [ 17¢ 99 a 0 4p
AAC Profit vibrance Total, 5 fl ozicwt 11 ab [64a | 33a 26 b 47 a [ 23ab 95 a [] 6ab
AAC Profit Vibrance Total, 5 fl 0z + Trebuset, 0.614 fl ozicwt 9a [63a 30 a \ 30 a 42 a \ | 24 a 96 a []7a
CV: 426 74 199 143 166 138 29 328
LG Amigo Non-treated seed 28 a* Bl 12y 44 b* B 102 61 b* [ | 7 b* 92 ab* B 5o
LG Amigo Obvius, 4.6 fl oziowt 22a [ ]19a 38 ab [] 10a 59 b [ 8ab 92 ab [[ 5hbc
LG Amigo Obvius, 4.6 fl ozicwt + Relenya, 0.4 fl ozicwt 22 a I: 21 a 36 ab l:l 10 a 68 b E 7b 96 b D 5¢
LG Amigo Vibrance Total, 5 fl ozicwt 16 a I:l 23 a 24 a I:I 11 a 57 b I: 10 ab 86 a D 7b
LG Amigo Vibrance Total, 5 fl oz + Trebuset, 0.614 fl oz/cwt 14 a l—‘ 21 a 24 a I:I 12 a 37 a I: 11 a 86 a Dﬂ} a
63.7 16.2 24.9 7.7 17.1 21.4 6.6 18.3

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



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

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.



Integrated management of
Aphanomyces and Fusarium root rot
in field peas: (3) Impact of crop rotation interval

Michael Wunsch, Suanne Kallis, Jesse Hafner, Aaron Fauss NDSU Carrington Res. Ext. Center
in collaboration with John Rickertsen, NDSU Hettinger Research Extension Center

Research funded by:

Northern Pulse Growers Association
North Dakota Department of Agriculture Pesticide Harmonization and Registration Board
USDA Specialty Crop Block Grant Program administered by the

North Dakota Department of Agriculture
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