PVY: Why was 2022 such a
challenging year?
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PVY levels over years in NB Numberof  Average

12% ) 11.8% year tested lots PVY %
- 2009 501 11.81%
o 2010 685 5.82%
6% - 2011 533 1.92%
2012 566 3.34%
5% - 2013 479 0.70%
2014 576 0.65%
S 494 - 2015 573 0.50%
2 2016 559 0.43%
5 2017 546 0.92%
(V] 3% -
S 2018 460 1.10%
2019 441 0.62%
2% - * 2020 419 0.55%
2021 428 0.60%
ox INterim
1% - 2022 327 1.75%*
PVY level in 2022 is interim value and
0% - calculated as the average of 87% of the year’s
ARSI NI I I N A samples. 7% of the samples showed unusuall
S R S SIS S S S S S S S S S S ples. 77 P Y
extreme values that were excluded here
because they skewed the distribution of the
majority of growers’ samples. Nearly 6% of
samples also have not yet been processed. Potatoes
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Sample lots passing Post-harvest PVY test in PEl and NB
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Over the years, pass-rates of seed lot samples in
Post-harvest testing for PVY (PHT) have been
generally trending higher.

PVY levels that qualify are different in NB and PEl,
but here we display the rate of PHT samples testing
at or below 3% PVY (the passing cap in PEI).

In 2023, however, PVY levels were far higher than
experienced for at least a decade, causing a
substantially lower pass-rate in both provinces.

Reportedly, similar PVY problems have also

occurred in Maine and other Canadian provinces in
2022,
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Sample lots passing Post-harvest PVY test in PEl and NB

PVY pass-rates are well correlated in NB and PEl,
suggesting similar factors determine the PVY levels
of seed potato crops in both provinces.

100

90

What shared factors could these be?

S
g 50 We have been researching factors influencing PVY
~ level in NB, which may be directly applicable to the
w 70 PEl situation.
2
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Why was PVY high in 20227

Possible factors:

 What was planted in the field?

* Aphids as vectors for PVY transmission?

* Changes in the virus? Different PVY strains?
* Changes in management by growers?
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Higher harvested PVY becomes higher PVY seed

Over last decade, PVY inoculum planted in the field has steadily declined.
During this time, tighter limits on maximum PVY in marketed seed, price
premium of cleaner seed, and value recognition by growers reduced PVY.

% of Acres planted

% PVY 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
0 18.35 26.32 27.12 41.34 42.04 53.76 59.98 42.96 38.61 36.88 49.47
-1 16.74 28.7 20.21 42.42 41.98 37.51 31.28 28.13 38.34 37.65 35.18
1<2 7.67 19.25 17.83 10.54 9.36 4.01 6.45 17.08 15.48 17.45 9.96
2-<3  9.93 14.11 9.14 3.14 5.08 2.7 2.27 8.13 3.62 7.06 4.75
3-<4 8.08 633 872 197 0.67 2.02 0.02 3.02 2.66 0.81 0.65

4-<5 6.56 094 11.34 0.59 0.86 0 0 0.68 1.29 0.15 0

5-<6 9.17 1.44 5.65 0 0 0 0 0 0 0 0

6-<11 10.87 2.91 0 0 0 0 0 0 0 0 0

>11% 12.63 0 0 0 0 0 0 0 0 0 0 Mean PVY planted in the
S

(’\@Mean Clean harvest -> Clean seed fields was lower in 2022...
QQ PVY % 451 1.12 1.14 051 046 0.43 0.32 0.64 0.73 0.58 0.47 0.45
0

\@/06 / / / / / / / / / / / ...though much of the PVY

X
< "hij’et;t 1.92 3.34 0.70 0.65 0.50 0.43 0.92 1.10 0.63 0.55 0.60 that was planted was
Y Pwy o concentrated in higher levels
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PVY planted summary
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Even though mean PVY in planted crop is similar to last year,
that hides
mm larger fields (AW_mean is mean PVY weighted by
area of field, which is higher than the conventional mean of
the samples regardless of field size).

: fields in >28 ha sizes had much higher PVY levels than
2021; 2021 PVY peak levels in moderate size fields (20-28 ha) and

small fields (0-8 ha). Weighted for field size (proportional to
harvested tubers) high PVY in large fields is far more dangerous.

=4—year 2021 =l=year 2022

Mean PVY planted %
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Is the small-scale retail garden market a source of PVY?

ew “= ZNouveau
Brunswick

C A N A D A

November 23, 2021

Post-Harvest Laboratory Virus Testing is Required for Seed Potatoes Planted in
New Brunswick, Canada

Issue: Some seed potatoes sold in garden centers and grocery stores in New Brunswick in 2021 were found to have high
levels of Potato Virus Y (PVY) up to 19%, which exceed the maximum PVY level allowed in seed potatoes destined for
planting in New Brunswick (4%). This poses a real threat and high risk to the quality and yield of seed potatoes produced
on NB potato farms, and consequently negatively impacts our local and export markets.

Action Required:

Supplier of Seed: Ensure that any seed potatoes sold in New Brunswick meet the PVY level requirement set by New
Brunswick's Minister of Agriculture, Aquaculture and Fisheries which does not exceed 4%. Any deviation from this
requirement is considered an actionable offense under the Potato Disease Eradication Act.

Home Gardener: Do not plant potatoes produced in your garden the previous year. PVY accumulates in potato plants
during the growing season and transmits to seed. Each year you plant your own seed, the virus level increases, and your
potato plants can become a source of inoculum to neighboring potato farms. Only buy and plant certified seed potatoes.

Potato Virus Y (PVY): PVY is one of the most damaging potato viruses. It can cause mosaic on potato leaves and
affect yield and quality. Yield losses range from 10% to 80%. Affected tubers are unusable for propagation. Symptoms in
potato vary from extremely mild mosaic to severe foliar necrosis to death of infected plants. Tuber quality is also affected.
The main sources of infection from the virus is infected potato seed.

Regulation under the Potato Disease Eradication Act: In order to manage and reduce the level of PVY in
the Province’s potato crop, the New Brunswick Regulation 82-70 of the Potato Disease Eradication Act has been amended
to include Mandatory Post-Harvest Laboratory Testing for PVY of all seed potatoes that are to be planted in New Brunswick.
Testing must be done in a laboratory recognized for seed potato certification testing by the CFIA, USDA-APHIS, or other
laboratories deemed equivalent.

For further information contact the Potato Development Centre at (506) 392-5199.

Published reports show the retail market for private
gardens can be a substantial source of PVY (e.g.

recently in Pacific-Northwest USA)

* Retail buyers not discriminating about source, not PVY experts
e Scale is small and distributed

* Lax enforcement

In 2021 PVY was discovered in a private garden in NB,

leading to a small survey of retail seed potatoes
858 seed potatoes — 5 lots
* Sourced from retail store that supplied private garden
e all seed from PEI
* 3 of 5lots >4% PVY, ranged 0% to 19%
e 10.7% of all tubers tested had PVY!

..lead to NBDAAF bulletin and

full-scale research survey in 2022
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Is the small-scale retail garden market a source of PVY?

In spring of 2022, we purchased 48 lots of seed from retail garden-market outlets
from throughout SJ river valley, testing a total of 7406 tubers from 13 varieties

_ Domestic NB seed Imported seed (west)

Sample sets =19
Average PVY = 0.58% (none imported)
(range 0% - 4.02%)

Sample sets =11

Garden & Farm
supply stores

Seasonal Average PVY = 0.24% (none imported)
Markets
(range 0% - 2.25%)
"Big Box” Sample sets =18
sfo s (none sourced from NB) Average PVY = 0.28% \\eo‘
(range 0% - 1.32%) ,&\"
&
$°

Potatoes

Agricultural | Services de

Certification | Certification
Services Agricole 3 : -~ . NEW/NOUVEAU-BRUNSWICK



Is PVY concentrated in certain varieties?

Yes BUT not consistently — some varieties are higher than others, but these vary each year

Snowden  SUPETOT Atiantic Caribou Goldrush

0,
0.6% [O'”’ 14% Russet —_
Other

\ 11.4%
Sh;g;dy /_(Chieftain
5 10.2% Highdand
Russet Russet
Norko& 2.1%
6.49 ‘

TOTAL PVY
Yukoftlantic_  chieftain Goldrush
0,
Snowden 50 0.6% \Fo.zw/ 7.8%
2.0% [
/_Innovator

6.1%
Superio

Russet
Burbank

. Russet
Agricu 56.1%

Certific Norkotah
Servi 3.2%

Superior Atlantic Caribou chjeftain Goldrush
0.3% 1.2% -\ Russet 4.1%

0.4%
Snowden | 9 /_ /
1.5% / Innovator
~

\\ .29

\ 5 2%
Highland

Russet

3.3%

Russet
Burbank
59.6%

Other

TOTAL ACRES
Atlantiguperior  Chieftain  Goldrush
1.5% ?;;f\m%\ ~4.9% |nnovator
Yuko /_ 2.0%
Gold ’
Snompd:(le%’ |

2.1%

Shepod
6.2%

Russet
Burbank
62.3%

2022

* Disproportionately high PVY:
e (Caribou Russet, Russet Norkotah
* Goldrush (slightly)
* Low PVY:
e Chieftain, Innovator, Shepody,
Snowden, Superior
* BUT: largest component of PVY is Russet
Burbank (because it is greatest acreage)

2021
* High: Goldrush, Innovator, Shepody (slightly)
* Low: Atlantic, Chieftain
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Clearly, PVY was high in 2022
Why?

Possibl tors: Planted PVY and variability in
ossible factors: _ o ? different varieties were not very

* What was planted in the field: N different from recent years

e Aphids as vectors for PVY transmission?

 Changes in the virus? Different PVY strains?
* Changes in management by growers?
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How are aphids influencing PVY?

100 - average aphids 2015 - 2021 Aphids transmit PVY from one potato
plant to another, and their
20 abundance and species composition
g varies from year to year.
5
£ 60 - Typically:
g L _  Aphids peak in two periods
g . - * EARLY at the end of June
% 40 - e LATE in mid-August
g * Some years are exceptional in
< 5 - abundance and timing of arrival
* Colonizing species that are most
efficient at PVY transmission arrive
0 - - - - - later in the year
4-Jun 24-Jun 14-Jul 3-Aug 23-Aug 12-Sep
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How are aphids influencing PVY?

2022 versus average aphids 2015 - 2022

350 -

w

o

o
1

N

U

o
1

2022 was an EXCEPTIONAL year!

3
s
2
o
£200 -
g @=» @»gverage
A e Early peak was high (1%t week July)
i}lso | * Late peak (early Aug) higher than ever
ry observed before
£100 -
Q
<
50 -
0 ; . : . .
4-Jun 24-Jun 14-Jul 3-Aug 23-Aug 12-Sep
& Potatoes
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How are aphids influencing PVY?

350 -
2022 versus average aphids 2015 - 2022
300 - :ioé’o-n non-co\on'\z'\ng
7% unknown others
E;
5250 = e= e average
& e Early and Late peaks mostly
£200 - consisted of non-colonizing or
z unidentified species
g 150 - * Colonizing Potato Aphids peaked
) in August
£ 100 - * High levels of Green Peach Aphid
< o o o
(most efficient PVY vector) in end
>0 of season
0 ; . : : .
4-Jun 24-Jun 14-Jul 3-Aug 23-Aug 12-Sep
& Potatoes

Agricultural | Services de

Certification | Certification ;
Services Agricole 3 ' . NEW/NOUVEAU-BRUNSWICK



Comparison of aphids in NB and PEI

Aphids province-wide average weekly 2018-2022

N w S un1 (o2}
o o o o o

Y
o

Aphids (per trap per week - all species)

0
14-Jun

2

4-Jul
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24-Jul

13-Aug

2-Sep

Average

without 2022
--e___e

22-Sep

Weekly aphid captures in NB and PEIl are
very different (ALL SPECIES)

NB on average shows ~10 times the aphids captured
per week

* The times they are monitored in each province do
not perfectly overlap

* Abundances are not just different in scale, they are
generally not correlated in pattern, except:

* There is weak correlation from year-to-year
when comparing aphid abundance in NB to
that in PEI 2 weeks to a month later

* A strong shared rise in aphids late in season
ONLY IN 2022, and only due to Green Peach

Aphid
* Normal years in PEl have low aphids in
September
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Arrival of Green Peach Aphid (GPA)

Abundances of GPA are 25 to >1000 times higher at the end of the season (mid-Aug to mid-Sept) than typical years
in the past decade; like all years, GPA is practically absent earlier in season.

Green Peach per trap

80 - per week peak levels
=70 - [ 2022=74 GPA has been uncommon in NB
T until the last few years — but it
% % 60 - is a very concerning species
% 3
< 250 - N
5 S 100 5
O s c ¢
5 540 - S s 801
o i £ 3 60
P E 30 - g E
Lo g G & 401
w o o g
o <20 - > & 20 -
O E 2021 =19 >
E 6{7 &£, __mm |
2 10 - 8 GPA PA BCOA
i - Aphid species
T I P S SR R~ S (typical) 2018-2020 P P

=range 0.07to 1.5

DOI: 10.1111/eea.12404

o Comparison of transmission efficiency of various
p%>4 isolates of Potato virus Yamong three aphid vectors

Agricultural | Services de Shaonpius Mondal™¥, Erik J. Wenninger’*, Pamela J.S. Hutchinson’,

Ceéé'nf',ff;"“ Ce;“gzﬁlt:’“ Jonathan L. Whitworth?, Deepak Shrestha®*, Sanford D. Eigenbrode? &
‘ : g Nilsa A. Bosque-Pérez®




Arrival of Green Peach Aphid (GPA)

Abundances of GPA are 25 to >1000 times higher at the end of the season (mid-Aug to mid-Sept) than typical years

in the past decade; like all years, GPA is practically absent earlier in season.

Green Peach per trap

80 -

H Ul (@) ~N
o o o o
2022

w
o
1

GREEN PEACH APHID
S

(PER TRAP PER WEEK; MEAN ALL PARISHES)

&
v

=
o
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0 -

19-May  8-Jun 28-Jun 18-Jul 7-Aug 27-Aug  16-Sep
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per week peak levels

T 2022 =74

2021 =19

(typical) 2018-2020

=range 0.07to 1.5

Number of Parishes with GPA

2 2 1 12 13
2020 2021 = 2022
Aberdeen 88 28

Andover 1 8
Brightaon
Denmark
Crurmmond
Gordon
Grand Falls
Kent

Perth

Richmomnd
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Comparison of Green Peach Aphids in NB and PEI

GPA (all season)

‘10000
B Low and High GPA years are similar in
3 100 o the both provinces... (note logarithmic scale)
g_ o
® 10 —° S
< e
O 1 Q\O ©
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
—@—PEI GPA total —@—NB GPA /trap/wk
Arrival time of first GPA of season
260
O 250 ]
S L . : . .
< [ , ...as was their arrival time in the late
E” DN part of the season
220 ./
210
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
—@— PEI GPA total —@— NB GPA /trap/wk
& Potatoes
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Comparison of Green Peach Aphids in NB and PEI

= Sl — We’ve found that the temperature anomaly in April
o) y=0. X+ 0. . . i
T v-0sdsixrogeas S is correlated with aphid abundance and PVY spread
LC) R%?=0.2852 2.5 .
ks 2 m more than any other climate factor tested.
_§ olS .
© [ ] . .
< . . _ Weak correlation with GPA abundance...
O 0.5
a @o o
2 -1 0 1 2 NB
April Temp. Anomal
briiEme Y PEI

255 . . . .

’5o . ...but strong correlation with timing of

245 y=-6.2951x + 227.52 GPA arrival (warm April -> earlier
o 240 B R?=0.3132 .
Q arrival)
'-'5235
>
a zz: Temperature anomaly is the average difference in daily

220 temperatures in April of each year compared to the long term

215 . average of 1981-2010. The past decade in Woodstock NB has ranged

210 between 1.2° cooler and 1.6° warmer than that previous thirty year

2 1 0 1 2 baseline.
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Comparison of Green Peach Aphids in NB and PEI

= 35 @
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Y|.= 0.0085x - 3.9388
R?=0.3313

0.5

2 N B 0400
PEI
255
250
245
240
235
230
225
220
215
210

400

y = 0.0052x - 2.0093
R? = 0.0408

450 550 650

GDD to July 1%

500

600

y =-0.1133x + 293.29
R? = 0.2609

y =-0.095x + 281.1 o
R? = 0.3392
[
450 500 550 600 650

Growing Degree Days (GDD) accumulated to
July 15t also correlates well with GPA
abundance and arrival time.

GDD quantifies the relative “warmth” of
different years over a span of time during
the development of crops or their pest
populations.

GDD to July 15t focuses on warmth in spring
and early summer.
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Comparison of Green Peach Aphids in NB and PEI

: : NB
o 35 @ 3.5 ® 3.5 e PEI
S) y = 0.1814x + 0.9367 -
o ¥=03461x+0.8923 R? = 0.0258 3 3y= 0.0038x - 4.5295 y= 0-22222";0‘;-5553
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Fos0 230 o 230 2->0_ abundance and arrival
225 225 225 oom y = 0.0349x + 178.08 time Of GPA mUCh Iater in
220 220 y = -0.095x + 281.1 amm 22 M .R SO0 the season
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Monthly temperature anomalies — Woodstock NB

year Jan Feb har
2011 2.027 0.245 0.781
2012 2.366 1.407 3.752
' 2013 0.921 1.490 2.252
2014 0.979 0.941 -4.986
' 2015 -0.598 |6.187 -2.799
2016 4.524 3.447 0.975
2017 4.305 1.645 -2.348
" 2018 1.447 3779 1.781
2019 0.411 -1.186 -0.506
2020 3.359 0.566 0.426
2021 4756 0.9%0 0.901

2022 0.783 0.917
2023

(cm)

N
o

SOG_JFM
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Apr

0.002
0.965
40.198
-0.445
-1.155
40.518
1.225
-1.195
40.342
-1.152
1.552
0.175

May
40.132

0.463
0.642
40.522
1.E7T1
0.605
<0.200
0.833
-2.196
40.815
40655
0.723

Jun

40.274
4.912
40.BEE
0.196
=2.211
4.3149
40.038
-2.01E
-1.104
0.068
1.576
-1.111

Jul Aug | Sep
0.920 0.B32 1.850
0.792 189594 0.129
1.301 -0.691 0.430
1.144 0.048B 0.474

0.B15 Z.045 3.327
0.0/79 0.36B 1.412
40.435 D.497 3.057
1.933 1477 0.594
0.762 -0.571 -1.043
1.189 0.407 -0.064
=2.279 1.677 1.040
0.265 0.774 0.344

Winter snowpack
Snow-on-ground mean Jan-Mar annually — Woodstock NB

2023 projection \

Oct
1.979
1.572
1.224
2.256

40.637
1.578
4.892

-1.892
1.253
0.102
3.043
3.079

Mav Dec
3.359 2.555
40.007 0.798
40,955 -2.9B5
-1.525 3.433

The future does not look promising

In NB, but likely reflective of PEI too:

1719 [Si662] o

2.143 0.524
0.148 -2.553
-2.6B5 -0.BD9
-2.291 1.362
1.806 3.992
0.602 1.E13
2.162 4.021

wn
[=]

IS
=

Ice cover %

January 2023 was warmest in over a decade — increased
aphid survival

Snowpack is 80% of normal so far — protective for aphids
Ice in Gulf in January was tied for lowest in recorded
history (tied with Jan 2021 at 16% of normal) — remainder of
winter will likely be warmer than normal (April 2021 was
warmest in over a decade following low-ice winter), especially in PEI

Gulf of St. Lawrence Ice Coverage
2021-22 2022-23

NEW/NOUVEAU-BRUNSWICK
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Do aphids change like this in other places?

80

2

GPA & Potato

60

40
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T T
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20-Jun 27-Jun  04-) -Aug 29-Aug
Weekly Aphid Counts, Manitoba, 2022
69
.
1306
27-Jun 04-Jul 11-Jul 18-Jul 25-Jul 01-Aug  08-Aug  15-Aug  22-Aug

2000

1500
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0

Manitoba also shows some
years with unusually high
aphids, including this year.

But: not due to GPA like in
NB or PEI

Other Aphids

courtesy of Dr. Vikram Bisht
Manitoba Agriculture
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Many aphids in NB are resistant to insecticides =

In 2015-2016 we surveyed aphid populations to screen for genetic resistance
(mutations) to common pyrethroid insecticides (e.g. Silencer, Decis,
Cypermethrin, etc.)

% of resistant individuals (# tested) : g 5 h
Aphid species 2015 2016 -Significant populations of aphids from

Green Peach Aphid 76% (58) 96% (100) humerous species were found to have
_ insecticide resistance mutations.
Pea Aphid 0% (12) 20% (25) -Green Peach Aphid was greatest, with the
Corn Aphid (none tested) 17% (12) ma!'ority of tested individuals genetically
. . . resistant.
Cotton-Melon Aphid 0% (7) 13% (8) -Resistance may be growing over time, as rates
Potato Aphid (none tested) 0% (5) were higherin 2016 than 2015 in both GPA and
Bird Cherry-Oat Aphid 0% (3) 0% (2) other non-GPA aphids. ]
GPA 76% in 2015 -> 96% in 2016
Others 4% (47) 11% (79) Non-GPA 4% in 2015 -> 11% in 2016
= S— Potatoes
Agrlouléinal | ‘Servioes de e o Pommes

Certification | Certification Y de terre
Services Agricole - . NEW/NOUVEAU-BRUNSWICK



Clearly, PVY was high in 2022
Why?

Aphid levels were very high,

including concerning Green
? Peach Aphid, making a greater

potential for PVY spread if not
managed well

Possible factors:

 What was planted in the field?

* Aphids as vectors for PVY transmission?
 Changes in the virus? Different PVY strains?
* Changes in management by growers?

Potatoes
Agricultural | Services de
Certification | Certification

Services Agricole

NEW/NOUVEAU-BRUNSWICK



PVY is a complex of virus strains

At least four strains of PVY occur in potato fields that show
different rates of spread, have distinct visual symptoms and
effects on tuber yield and quality:

* PVYO -the “ordinary” traditional strain

 PVYN:O and PVYNTN — hewer recombinant strains that became
dominant last decade

* PVYN-Wi_ another recombinant genetically similar to N:O only

. . PVY° mosaic
recently discovered in NB

Control PVY© PVYN:0 PVYNTN
No symptoms Mosaic & curled No symptoms? Mild mosaic

I

o ]

Variety
control En vo/

=

Agricultural | Services de
Certification | Certification
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Pommes B

Services Agricole . nzwmouuenu BRUNSWICK




PVY strains are changing in NB and elsewhere

PVY strains across Canada (2014-17)

90%

80%

70%

60%

50

X

40%

30%

20

X

10

X

0

X

Othello PVY strains, 2011-2021

PVY strain prevalence in Northwestern USA 2011-21

(courtesy of Dr. Alex Karasev — U. of Idaho)

h‘ III-I. In IIlIIl- |‘|
(o] N:O

2011 ®=2012 m2013 2014 w2015 ®m2016 m2017 m2018 m2019 w2020 m2021

N-Wi

||‘|||| .II - I o | | Illl-_
NTN

NE-11 N Uncl.

Tran et al. (2022) Plant Dis. 106: 810-817. https://doi.org/10.1094/PDIS-08-21-1852-SR

[

2
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de terre
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PVYN:O/N-Wi
BC 58% 17% 25%
MB 1% 50% 39%
NB 24% 9% 67%
PVYN:O/N-Wi
BC 0% 50% 50%
MB 5% 0% 95%
NB 20% 16% 64%
PVYN:O/N-Wi
BC 15% 85% 0%
MB 0% 0% 100%
NB 13% 23% 64%
PVYN:O/N-Wi
BC 6% 88% 6%
MB 0% 11% 89%
NB 16% 14% 70%
Potatoes



https://doi.org/10.1094/PDIS-08-21-1852-SR

PVY strains are changing in
NB and elsewhere

PVYNTN js most dominant in NB

100%

Why is this a problem?

PVYNTN e PVYN™N has cryptic symptoms that
80% - make it hard to detect and rogue
from fields
60% * PVYN™N spreads plant—=>plant more

easily than other strains

> 80%
: : 70% ﬁgﬁ ‘Wi
PVYN:O/wi 60% 1 M N:Wi

. 1 B |
20% .
40% -
) 5 i _ﬁmo
0 2 2% H
PVY

10% | | | |
2017 2018 2019 2020 2021

40%

Proportions of PVY strains in NB

Proportion of
VYN:O/N-Wi compl
(O
o
X

O% | | | | | |
2008 2010 2012 2014 2016 2018 2020 2022

Potatoes
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PVY strains are changing in
NB and elsewhere

PVYNTN js most dominant in NB & PEI

100%

_ Strain changes in NB and PEI are very
o NTN o
pu PVY e © similar, but:
o 8% / e Change from PVY° to recombinant strains was
-% /@5 earlier in PEI
o c0% - *  Shifts in N:O vs. N-Wi are more extreme in PEI
> (0] , [ 4
A P
= - 90%
: 0% S < -~ 3 80% @ ©-
< 5Eg70% 4 Q@ 72y N:Wi
.g & S - -pvyN :0/Wi i gggz A N:Wi
S 20% e ¢ -\_\- = gi\' 40‘£ AN
g’ = ® P £23%{ @ VL \ NO
a 2 20% ® M
) \Q_E&VY B,
0% ! ! ! ! ! 2017 2018 2019 2020 2021

2008 2010 2012 2014 2016 2018 2020 2022

& Potatoes
Agriculturalﬂ AServices de L. Pommes
Certification | Certification *courtesy of Dr. Huimin Xu (CFIA) de terre

Services Agricole 3 : -~ . NEW/NOUVEAU-BRUNSWICK



PVY strains are changing in
NB and elsewhere

100%

— NB
-~ PEI

PVYNTN

80% -

60%

40%

20% -

Proportions of PVY strains in NB

PVY©

2022

0%
2008

2010 2012 2014 2016 2018 2020

Agricultural | Services de

Certification | Certification
Services Agricole

*courtesy of Dr. Huimin Xu (CFIA)

PVYNTN js most dominant in NB & PEI

Strain changes in NB and PEl are very

similar, but:
e Change from PVY° to recombinant strains was
earlier in PEI
Shifts in N:O vs. N-Wi are more extreme in PEI

90%

3 80% @
S g 70% Q \ N:Wi
5 9 60% -7-\- \
£5 50% /
Q< 40% -
o 9 N:O
& 2 30% - ;N

2 20% t-j—Eﬁ

10%

2017 2018 2019 2020 2021

Potatoes
Pommes

de terre

NEW/NOUVEAU-BRUNSWICK



Differential spread of PVY strains (field trials)

PVYO

> PVYN
1 .o, 100%
2014 Russet 75%
Burbank 50% -
1500 plants 255% |
0% - —
-U 100% Eh
2014 —_ (M
Goldrush Q) o | O
E 1000 plants - 25% m U
—t ° o 3
> (@p) 0% - (@)
— 100% El' O
3 2015 ,Q_Jr 75% 1 oN 2
e Goldrush — 50% 1 M
1000 plants ) 25% - n O
< o >
. 2 100% b
o sx ® O
2015 Russet D ] -
Burbank f(gf 25% - -2
1000 plants ) Q
0% - 3
100% prs
75%
2016 50% -

& Goldrush 255 | Potatoes &
Agricultural | Services de 1000 plants 0% - Pommes
Ce;gﬁ?aﬁm Certification 0O NO NIN . . de terre

Services | Agricole NEW/NOUVEAU-BRUNSWICK



Differential spread of PVY strains (field trials)
o

, PVYN
3.1 :0,
5.0%

100%

2014 Russet

Burbank
1500 plants

75%

50% -

25% -

Infection potential relative to PVY©

Variety PVYO PVYN:O  pVYNIN

Russet Burbank 1 0.79 3.11

Inoculum

Goldrush 1 2.52 6.68

0 0%
9.5% 100%

e|d Jad siaqgni paldajul Jo uoiyiodod

=7

75%
2016 50%
< Goldrush - Potatoes &
Agricultural | Services de 1000 pIants Pommes

Certification | Certification
Services | Agricole

o

0% -
N:0  NTN . ‘ de terre
5 NEW/NOUVEAU-BRUNSWICK



DOI: 10.1111/eea.12404

Comparison of transmission efficiency of various
isolates of Potato virus Yamong three aphid vectors

Shaonpius Mondal**, Erik J. Wenninger*, Pamela J.S. Hutchinson’,

JonamanL.Whitworg;:,DeepakShrestha”,SanfordD.Eigenbrode3& Different SPECieS Of aphids Spread
Nilsa A. Bosque-Pér . . . .
strains of PVY with different efficiency

- o Depending on the virus strain (or even
2 ey -—F different isolates of the s:';\me stra||.1

aPA o~ BEA [grey bars]) and the species of aphid,
a5 o efficiencies of PVY infection can vary

At by >10 times.
| ==

GPA PA BCOA

% infection of infected Russet Burbank
N H ()]
o (=) o o

PVYNTN
100
80 1 m NY29
60 - N4
40 1
20 1

64 _
GPA PA BCOA
Aphid species Potatoes
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PVY Transmission Modes
By aphid vector naturally
Also, mechanically (contact/wounding)

Inoculum tubers of
three PVY strains

Aphid vector only planted along row
Control row /
Aphid vector
+ Mechanical Tractor row
(-) 1-0 2-0 3-0 4'0 5-0 6-0

Distance down row (meters)

[ |

Potatoes

2
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PVY Transmission Modes
By aphid vector naturally
Also, mechanically (contact/wounding)

Aphid vector only Harvest tuber test:

11.2% new PVY control row
Control row

O TR . AN T e e e R e G e e

Aphid vector

+ Mechanical Tractor row

A @l T S . 0 2
*over twice as much Harvest tuber test:
spread in tractor row 26.6% new PVY tractor row

l:) 1-0 2-0 3-0 4'0 5-0 6-0

Distance down row (meters)

= Potatoes
7 - )
Agricultural | Services de & / » Pommes
Certification | Certification 2 4
Services Agricole ‘ ’ ' uzwmouuenu BRUNSWICK



Mechanical PVY transmission does not depend on
potato variety, and is not caused by exciting aphid
flights — it is only in rows the wheels touch

PVY spread:
2
S > Tractorrow: 25.1% row adjacent: 0%
Q9
52 Goldrush Controlrow:  3.2% row adjacent: 1.6%
%
° Tractorrow: 48.5% row adjacent: 4.0%
Q
'8' Russet Burbank Control row: 6.8% row adjacent: 3.5%
< >
>3
g | t Tractorrow: 19.7% row adjacent: 2.7%
S nnovator Control row: 1.9% row adjacent: 4.1%
PVY spread localized to mechanical rows
= not by tractor causing aphid flights
52 Potatoes

Pommes m

Agricultural | Services de
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Clearly, PVY was high in 2022
Why?

] Newer recombinant strains show
Possible factors: milder symptoms, spread faster

 What was planted in the field? by aphids and mechanically so
* Aphids as vectors for PVY transmission? ? Growers must plant clean seed, if

[ [ ] [ ] [ ] .bl [ ] I I t d h
* Changes in the virus? Different PVY strains? POSSIBTE. Isolate and change
management practices for PVY in

* Changes in management by growers? the growing crop

Potatoes

Agricultural | Services de

Certification | Certification »
Services Agricole 3 : . NEW/NOUVEAU-BRUNSWICK



The NB and PEI potato industries are a mix
of seed and processing production

NB - 52799 acres PEI - 82700 acres

% %

Concern about intermingling of crop sectors allowing PVY to get into seed crop

> : - Potatoes %,
Agricultural | Services de | Pommes
Certification | Certification de terre
Services Agricole ‘ A > NEW/NOUVEAU-BRUNSWI




Industry trends to 2022
Grower’s producing SEED POTATOES, but
have acreage also in processing potatoes

o (=} ° ° °
» 140 70% SN show higher levels of PVY in their SEED
9 130 3 :
S ~3 fields (previous indes)
O 120 65% ©
oo . . . . .
= 110 ® This is even worse in a high-PVY year like 2022
100 60% @
a Q.
s 0 o Over the last decade, the number of seed potato
5 80 55% o growers in NB has declined dramatically, and
Q70 § they have greatly consolidated seed and non-
g 60 50% A seed crops within their operations.
2 =1
50 oq : :
40 459, Non-seed crops are not as intensively
2008 2010 2012 2014 2016 2018 2020 2022 2024 managed for PVY, could get very high in a
Total number of growers submitting samples for PHVT, and year like 2022 and serve as a virus source
% of total acreage under management of seed growers that for neighbouring seed-production fields.

are non-seed crops (processing/table stock)
Potatoes

Agricultural | Services de

Certification | Certification ’
Services Agricole ) : ” . NEW/NOUVEAU-BRUNSWICK



Industry trends to 2022

0 e Growers with
w5120 65%.‘: ; show 37% to 162% more
g 5100 60% g é’ PVY IN THEIR SEED LOTS ONLY than
g %" 20 55% @, @ growers producing mostly seed.
< 9 50%0?1 a

Bottom line: MIXED-CROP GROWERS must
be extra careful with PVY management.

S
o

45%
2015 2017 2019 2021 2023

(00]

* Neighbouring processing fields may

6 become inoculum in seed fields

 EXTRA intense management of spread

e Critically important checking early for
PVY symptoms and spraying during
early-season peak aphid flights

Mean PVY% in
seed lots only
D

2016 2017 2018 2019 2020 2021 2022 2023

=7 Potatoes

Agricultural | Services de Pommes
Certification | Certification de terre
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Decisions of Growers affect post-harvest PVY — GROWER SURVEY 2022

2022 2020

> 5 | 0.8 - Growers can control many factors
& 6 - o that can reduce PVY

7] 0 A

S . I » Variety choice (previous slides)
© 0.4 - .

< = * Planting clean seed

wd 2 d i .

S 02  Concentrating on seed

0 - 01 - production, isolated from
PVY=0 PVY>0 PVY=0 PVY>0 . .
Planted PVY processing or table stock fields
2022 1.5 - 2020
8 - [

25 .

> l

3

$4 7

S 0.5 -

<24 |

3 |

a0 ; ; 0

exclusively seed mostly seed mostly exclusively seed mostly seed mostly
W processing processing Potatoes

At || S Seed vs. non-seed growers

. Pommes
Certification | Certification s T a de terre
Services Agricole -

NEW/NOUVEAU-BRUNSWICK



Concentration and frequency of oil spray affects PVY

PVY % in post-harvest test

mean PVY at harvest

for selected growers
2.0 -

1.8 - | 2018
1.6 - 2019

1.4 -

1.2 -

1.0 -

0.8 -

0.6 -

0.4 -

0.2 -

0.0 -
oil <2 litres/acre oil =2 litres/acre

mm

=z

Agricultural

Services de

Certification | Certification

Services

Agricole

Lower concentration of mineral oil sprayed weekly on

crops is not very effective in preventing PVY spread.

2022

oil <2 I/acre

oil >=2 |/acre

_

- 12

- 10

PVY% in post-harvest test

Potatoes

Pommes m

NEWINOI.IUEAU BRUNSWICK



Concentration and frequency of oil spray affects PVY

Lower concentration of mineral oil sprayed weekly on
crops allows for more PVY spread.

30 :
Frequency & concentration - 12
2022
o factored together
25
® 10 +
Z 20 8 @
o e
.:;; o
g 15 <
E 6
(72}
© o
= > o o
8 10 $ 4 £
a % °
° >
o >
5 4 - L2 Q.
0 ' .0
0 ! 2 3 4 > oil <2 I/acre oil >=2 |/acre
Oil litres/acre/week
‘ P
Agricultural | Services de ' Y . Pommes
Certification | Certification s 54 de terre
Services Agricole :

NEW/NOUVEAU-BRUNSWICK



Concentration and frequency of oil spray affects PVY

Oil rate - litres/acre
100 (JoL/a @ 2L/a M 4l/a

c High rate and more frequent (<weekly) spraying
2 80 ' — . ere .
3o % reduces PVY acquisition by aphids.
Lg)_g_ 60
>>('t-5 5. 40
o 20:9
X
0
. Measured concentration of oil in leaves
- .
£ pup changes in days after spraying, in a pattern
O - L] L] [ [ [ ] [ ]
g = g matching the protection against PVY acquisition
- observed above.
< Effect of mineral oil on Potato virus Y acquisition by Potatoes
Agricultura; I Services de RhOPGIOSfphum padf
Certification | Certification
Services Agricole Sébastien Boquel**, Marie-Andrée Giguére?, Catherine Clark’, Upeksha Nanayakkara®, o, NEW/NOUVEAU-BRUNSWICK

Jianhua Zhang? & Yvan Pelletier®



Concentration and frequency of oil spray affects PVY

Mineral oil rapidly penetrates the leaf

Acquisition of PVY by aphids
increases with time after treatment
with mineral oil, but is slowed by
higher concentrations of oil

10 minutes | 20 minutes |- 30 minutes

Pest Management
Science

Research Article

Quantification of mineral oil accumulation and movement in
potato plants and its significance in potato virus Y management

Manphool Fageria B Sébastien Boquel 24, Gaetan Leclair, Yvan Pelletier

AND when insecticides are combined with oil, they last longer than
when insecticides are sprayed alone.

Hypothesis: oil-soluble insecticides adhere on or in leaves better and
increase time of protection from aphids

- Potatoes
Agricultura; Services de ",'.::’ T . Pommes

Certification | Certification = de terre
Services Agricole . ’ g

NEW/NOUVEAU-BRUNSWICK




Insecticide lasts longer when sprayed with oil

Leaves sprayed with insecticide (Silencer)
alone or tank-mixed with oil.

0.15 . . o o . .
* Qil + insecticide retained pyrethroid
€ agent at higher levels, for longer time
£ than insecticide alone
& * Insecticide was at or below (in 2018)
S 01 . . . .
o detection limit quickly after spray
=  WHY? Pyrethroid insecticide is soluble in
3 oil, may be is carried into foliage by
m . .
o mineral oil?
© 0.05
2
L
ey
o
& —
205 1 Detection limit
0 o//C 2018 insecticide ° é
0 1 2 3 4 5 6 7
Days after foliar spray
One week >
Spray

= Potatoes
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#1 #2 #3 #4 #5 #6 #7 #8 #9 #10
Oil &
Oil & 5 11
Oil Insectici Oil & Insectici Oil & 11 .
Only de 11 || e Typical management
early 3 Oil & 5 early 3 Insectici inc. de 5 11 No-
Oil l/a Insectici l/a de Fulfil inc. Insect- Insect- spray f
Only later de later 1.5 oil 1.5 oil 1.5 Concept icide icide Contro p rog ra ms Or
Date 1.5 V/a 1.51/a 1.51/a l/a I/a l/a oil 1.5 l/a no oil no oil 1
. . . . Py o [
4-Jun pl:;tl pl::;tl planting planting | planting pla;ntln planting pla;ntm planting pla;ntln expe rl m e nta I t rl a I S
12-Jun LOII:OX LoLrox Lorox L Lorox L | Lorox LL Lorox LL Lorox L LOII:OX Lorox L LOIZOX
Oil . Oil 1.5 Oil 3 Oil 1.5 Oil 1.5 Oil 1.5 . i ..
26-Jun 1.5 Oil 3 Silencer Silencer Silencer Silencer Silencer Silencer Silencer
Oil . Oil 1.5 Oil 3 Oil 1.5 Oil 1.5 Oil 1.5 . <o .
1-Jul 1.5 Oil 3 Silencer Silencer Silencer Silencer Silencer Silencer From 2022 su rveys .
Oil . 0Oil 1.5 Oil 3 Oil 1.5 Oil 1.5 Oil 1.5 . . H
6-Jul 1.5 Oil 3 Beleaf Beleaf Lagon Lagon Lagon Beleal Lagon Growers that used manyl dlverse
Oil . . . Oil 1.5 Oil 1.5 Oil 1.5 - . o o .
H-Jul |5 | O3 [ oits o3 | ST Decis Deeis Decis insecticides cut PVY nearly in half!
16-Jul oil oil3 | oills 0il 3 Oil L5 | OilL5 | Oill.5 Lagon
1.5 Lagon Lagon Lagon
Oil . . . Oil 1.5 Oil 1.5 Oil 1.5 .
P as | OFF | OB | ORF | wewar | vwini | Concept — Management Average PVY test
26-Jul 10151 Oil 3 Oil 1.5 Oil 3 Oil 1.5 Oil 1.5 Oil 1.5
31-Jul O | oits| ounrs | oirs | QHLS [ ONLS - ON1S Silencer One | ticide t
Oil . 0Oil 1.5 Oil 1.5 Oil 1.5 Oil 1.5 Oil 1.5 . . £ne insecticide type
5-Aug Oil 1.5 . . A . . Beleaf Decis .
1.5 Beleaf Beleaf Decis Decis Decis Sprayed <10 times 0
10-Aug ?‘51 oil1.5 | Oil1.5s 0il 1.5 gzllelj. g'el]elj. gl‘l:j Beleaf Combined with oil 20 A)
15-Aug ?151 Oil 1.5 Oil 1.5 Oil 1.5 Oil 1.5 Oil 1.5 Oil 1.5 2|_/a
. . . Oil 1.5 Oil 1.5 q
Oil . Oil 1.5 - Oil 1.5 - Oil 1.5 e ) . 5 2 q
20-Aug 1.5 Oil 1.5 Silencer Silencer Mo(v)cnt Mo(\)cnt Movento Silencer Movento MU/tIQIe |n5eCt|C|deS
25-Aug ?‘5' oil1.5| Oill5 oil1.5s | oil15 | oil1s 0il 1.5 Sprayed >10 times 1 2%
.. - - - . . . °
30aus | ©O7 | on1s| onis | omis | Ols | ONLs | ONis T Combined with oil
1.5 I'hionex l'hionex T'hionex 2L/a
Top Top . . . Top . Top . Top
4-Sep Kill Kill Top Kill Top Kill | Top Kill Kill Top Kill Kill Top Kill Kill

Matador; Lambda-Cyhalothrin, Contact

Services de
Certification | Certification
Agricole
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Managing PVY spread — NB trials

Two-year results were consistent in NB, and consistent with other studies conducted in
grower fields

80% - 100 random
1 T - ; tubers per plot

60% -

40% -

20% -

Reduction in PVY spread
relative to control plots

B —
F:

0% -

= = (] (] () (] U o (] Q
° ° _ 3 -3 T T = T 2 B °
3 < B 8 B 8 = . = 9 & =9 O S o 9
5 T s 5% 3 =82 =88 85 §%
3 E T £ 52 3259 382> E £°
3 3 S 4° & @ =
Spread in control plots:
2014 = 11% 2015 = 22%
== _ Potatoes
A z- 9 -
Agricultural | Services de 5’;;‘ 4 . Pommesm
Certification | Certification = & 4 :

Services Agricole . NEW/NOUVEAU-BRUNSWICK



20% - PVY control under different spray treatments

15% -

Combined mineral oil and
e ComolPVYspread | insecticide sprays effectively
reduce PVY spread

* Frequent & strong (weekly @ 2L/a)
e All-season

* Rotate chemistries

e Confirmed in experimental plots
and growers fields

PVY spread
S

5% -

Insecticide

0% -

<
&

2 N
V\ v\ C h

Combined Oil & Insecticide

Spraying schedules tested (colour coding shows different insecticide chemistries)

Control Ins only Oil only Silencer Alt-Delta Alt-Cyper Concept Bio & Ins Bio only
Silencer = = = =
o o o o
" Silencer o . o g g
() = [0] o Q Q
he, lagon W T 8 8 8
—_— (&) p— (7)) (&} (%)) (7,) (7,)
T B 3 4 5  JE < S
2 g 2 silencer i § :‘I i i
° lagon > I > > >
[ = C 4 = =
(] (V] (] (]
(] (J] (] (]
3 2 3 3
Input ($/acre) $75 $104 S210 $145 Potatoes
Cost per 1% No No
Sl . . $38.97 $34.97 Pommes B
PVY reduction reduction reduction

NEWINOI.IUEAU BRUNSWICK



20% - PVY control under different spray treatments

15% - Combined mineral oil and

Control PVYspread Y jnsecticide sprays effective
reduce PVY spread

PVY spread
S

5% -

Insecticide

* All-season
e Rotate chemistries
e Confirmed in experimental pl

0% -

ly

* Frequent & strong (weekly @ 2L/a)

ots

and growers fields

Spraying schedules tested (colour coding shows different insecticide chemistries)

Control Ins only Silencer Alt-Delta Bio & Ins
Silencer
Silencer

lagon

Oil only Alt-Cyper Concept

s/acre oil
s/acre oil
s/acre oil

no oil
no oil

Silencer Skimping on concentration of oil or number of
agon
oil & insecticide sprays may save a little money
early, but may cost you the crop later!

no insecticides

Agricultural | Services de

Certification | Certification
Services Agricole

Bio only

2022 Grower Surveys showed:

* Many using <2 L/ac oil

 Sometimes not frequent, or
full season spraying

e Lacking diversity of
insecticides

e.g. if you spray a field 3 times
each with Silencer, Matador
and Labamba, then you are just
spraying nine times with the
same lambda-cyhalothrin
chemical...

...and many aphids are resistant
to it!

Potatoes

Pommes
de terre

NEW/NOUVEAU-BRUNSWICK



Timing of crop planting, spraying and topkill affect PVY exposure

season length (days)

2 30
< o
2 25
»
4 20
£
c 15
+ 10 ®
é @
5 ° ‘ L - 2.
0 o O8O
60 80 100
Days from planting to 1%t spray
X 30
o
> @ Removed
z 25 Outlier?
B 20
2
E 15
& 10 o8¢
o & o/ o ®
o de
&
0
0 10 20 30 40 50
Agricultural | Services de

Certification | Certification

Services

Agricole

Topkill (1%t spray)

30
Y
25
20
15
10 ® ® o ®
® )
5, °9 -4
0 ootg b o
120 & & & R R
» » 2 o s
V 04 x N ¥

10

N

mean PVY - early vs late topkill

=N

week of week of 4- week of
28-Aug Sept 11-Sept

TIT

week of
21-Aug

Aphids are a threat for transmitting PVY in
potato crops throughout the growing season

PVY levels in crops can increase with:

* Length of time plants are growing in the
field

* Length of time from planting until first

foliar mineral oil/insecticide spray

* Later topkill

Potatoes

NEW/NOUVEAU-BRUNSWICK



Timing of combined oil & insecticide spray

40 . 1 PVY spread starts early and
35 - i i
] ]-June 20 pogoneack continues through the season.
2 . -=-Calwhite
E 25 - .47' .. . . .
20 | seedbome / } ~~Russet Early timing of foliar spraying is
inoculum 4 J 15 e g ' H
s 1 e . e Goldrush critical to protection against PVY
1 N
. N\ | spread
g ¥ —=Innovator
0 T T T TR ! TR ! !
v v < v & e & ¢ O e Shepody
F & & &F & & e & of‘}
\'?:g‘ @é ¥ \Gé ¥ \‘}vw vé%e) soe *oé @)
& SE ) O
S \ \ |
July 12 August 4 September 15
Plants Plants & Post-harvest
Developing tubers Tubers
= Potatoes
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Green Peach Aphid may be responsible for high-PVY with later topkill

GREEN PEACH APHID

(PER TRAP PER WEEK; MEAN ALL PARISHES)

Agricultural

Certification | Certification

Services

X

(0]
o
]

~
o
1

(o))
o
1

U
o
1

I
o
[ |

(O8]
o
1

N
(@)
1

=
o
1

0 +——r
19-May

Services de

Agricole

2027

&
v

27-Aug

Green Peach per trap
per week peak levels

2022 =74

2021 =19

(typical) 2018-2020
=range 0.07to0 1.5

16-Sep

Post-harvest PVY %

[EEN
o

[00]

)]

Post-harvest PVY%

sin I Em

30 Topkill (1%t spray)
o

25
20
15

o e
10 o °

® ()

mean PVY - early vs late topkill

week of 21- week of 28- week of 4- week of 11-

Aug Aug Sept Sept




Clearly, PVY was high in 2022
Why?

Possible factors:
 What was planted in the field? Growers must be vigilant in
* Aphids as vectors for PVY transmission? management for PVY in the growing

crop
Intensity (e.qg. oil & insecticides)

 Changes in the virus? Different PVY strains
 Changes in management by growers? Timing (planting, sprays, topkill)
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Conclusions and Recommendations

PVY levels in the 2022 seed crop were high
* It was widespread, with practically all varieties and growers averaqing higher
than in previous few years
 PVYin the seed planted in 2022 was not unusual, but aphid levels were very
high — including the particularly worrisome Green Peach Aphid
 Management intensity varied between growers and correlated with PVY
* Growers that focus mostly or exclusively on seed production did well
* Growers that used higher oil concentrations, more frequently did well
* Growers using diverse insecticides together with oil did well
* Growers with shorter season crops, and topkill early did well
* Everyone dealt with unusually high aphids in 2022, some kept PVY low in their
crop and some did not
 What management was sufficient in earlier low-PVY years may not have
been sufficient in 2022 so in 2023 it has to be more aggressive.
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