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Executive Summary:North Dakota State University has conducted irrigated potato research for
over 30 years. Over that time, growers hgraciously supported this effort and, in return, had
accesdo the wealth of information generated in the areas of cultivar development, general
culturalmanagement practicasich as vine desiccatipherbicide efficacy and damage, nutrient
anddisease managemeamdphysiological defectecludingsugar ends, among others.

Specifically, trials conducted at the irrigated research site near InkstehaM®given us a way

to track resistance to QEFRAC 11)and SDHI(FRAC 7)fungicides in the early blight and

brown spot pathogens in the region. We also have evaluated foliar and seed treatment fungicides
in a program approach specific for the pathogens and environmental conditions in this region and
conducted demonstration pédior the growers. These efforts have lftated more timely and

relevant grower recommendations. Without the Inkster site, the ability of the industry to react to
changes in management for potato production conditions in our region waadgdrely

impeded. If you have utilized recommendations from NDSU for managing your potato crop, you
have benefitted from the work conducted at the Inkster site.

An enormous thank you goes out to Russel!/l Benz, D
Shrestha, Arslan Sarwar, and Rachel Sel stedt and

appreciate the gener ovuesr cQoolgpeesyadti eornd & awiet, Fior eis §§ a R
general support. This effort was generously funde
the Northland Potato Growers Association.
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grower recommeampdeaitimamshee Thoarbye i rri gated potato gro

ust be conducted under irrigated conditions, mim
The funding for the management of the Inkster irr
potato research projects. The expenses associated
mai ntenance for all Irteiswatricdhn,t rsahedylsiond dand | mpagref
management, application of herbicides, fungicides
planting and harvest operations as needeodt.| The po
borne pathogens to make the irrigated research si
coordinates the fumigation of the Inkster site wi

donations from AmVac foahabtmshof heeNPG&GAl ardpEHdoses
f umi gataisomelehdesd saves approximately $7,500 annuall
and mdws cover crops and assists in planning the a
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NPGA reseanebmptE® nveasnot abl e increases in expense
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operations and to increase efficiengampl2022manage
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At I nkster in 202a3l,sondeu cpgaetdh dloaugy tprimjlesctt o eval ua
managi bbpreneed®Rhi zoctoni a. Registeracdf magiuciade pr oe
were applied as -fswererdow raetatpileantsi mgh.d Mmst of t he t
numbered compounds and/or eawered comftirdeé st walre Twal
noinnocul ated cotndmriod sead ai rRAd wloaat ed control . Many
result in significant reduction of Rhizoctonia 45
Rhi zoctonia 45 days after planti nfgl coozn/tciwitu epdl uso Qu
ifhurrow at 9.0 fI oz/ acre. Emesto Silver plus man



Rhi zoctoni a 45 Tdhaey sp raefstetnecrep loaf h tptomsgger bl ack scurf
t wo months of storage, but only a small amount of
A field trial was conducted in 2023 at the- I nkste
furrow at planting treatments to reduce bl emish o
with silver scurkfstvwer esipleamtnedd gatownheslimg | ocal a
harvested and incubated at 50F for four months an
scurf and bl ack dot.
Field research was conducted at the Northern Pl ai
near I nkster, ND to evaluate Anthem Flex herbicid
publication) for weededomBturdlankngpodradcmesaf etTyhei nn
June 15. Hi | | and herbicide application were don
arranged in a randomized complete block design wi
3d nch rowscandph2i ng. Extension recommendations
throughout the year. The trials were harvested o
Treatment List forlnkster.
Trt No. Name Rate
1 Untreated
2 Anthem Flex 4 floz/a
Matrix 1 oz/a
Sencor 10.6 oz/a
3 Boundary 24 floz/a Inkster Application:
Lorox 1 Ib/a Date: 6/27
4 Anthem Flex 4 floz/a Air Temperature (F): 76
Sencor 10.6 oz/a Relative Humidity (%): | 58
Lorox 1 Ib/a Wind (MPH): 8
Inkster Yield(cwt/a): Soil Moisture: adequate
TRT No. | Total 0-4 oz 4-6 0z Garglopver|(%):10-14 o7 100 >14 oz
1 413 127 117 NexpRain: 25,5 | 6/28 7.1
2 439 129 126 131 32.6 9.1
3 446 133 127 141 35 12.3
4 460 140 127 152 44 16.7
Inkster TubeMNumberin 20 RowFt:
TRT No. Total 04 oz 4-6 0z 6-10 oz 1014 oz >14 oz
1 231 129 51.8 36.9 4.62 0.75
2 233 132 55.9 38.3 6.25 1.25
3 235 132 56.2 41.0 6.80 1.65




4 244 136 56.9 44.5 8.38 2.25

Treat ment 4 had the highest yields, followed by t

nontreated. The same sequence was true for the h
category. Adding Lornxxdi mwgttdadnodthekatFd iex, ananiSem
yield in this study. Pigweed control at I nkster
control ), significantly better than treattmheemt 3 (
all the treatments (0§ . S you
can see in the pictur Inkster Yield t a
severe weed infestati The
weed infestation is m ower
fields.

TREATMENT

H0-40z m4-60z m6-100z 10-14 0z m>14 oz




We f eel strongly that we are gener agt ogWea slbd mks e d,
forward to working with growers and researchers i
faced by the industry. Please contact us with any
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Storage Phase

Tuber agé Curing Aging Holding
Trt# (SDD >%C) °C Day °C Day °C Lot’B Lot A
1 168 12 21 - - 4 Oct21 Oct-28
2 536 12 21 12 46 4 Decb Decl13
3 546 12 21 22 21 4 Nowl1ll Now18
4 984 12 21 12 102 4 Jan3l Feb07
5 996 12 21 22 46 4 Dec06 Decl2
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% Emergence (17, 24, and 35 DAP)

17 24 35
Lot A B A B A B
AgeTrt#

Control () 17 40 72 79 88 79
500 SDD (@) 16 28 60 72 80 86
500 SDD (T3 28 36 80 81 83 90
900 SDD d) 20 17 61 69 82 85
900 SDD §) 32 42 72 71 82 73
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HEAAY3 ONBLFGYSyida FNBE RSUYSR Ay ¢FofS mMXI 4KSNEB
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{ SSR | % Tuber Size Profile CWT/A
Age Trt SIP T/P <40z 4100z >100z Total MRKT
Control (T1) 2.2¢ 2.7c 30.8 35.9 33.3 214.0b 194.1b
500 SDD (T2) 3.0b 3.9b 36.0 38.0 25.9 241.5a 215.9b
500 SDD (T3) 2.9b 3.8b 26.0 41.8 32.2 284.7a 264.6a
900 SDD (T4) 2.4c 3.3bc 32.4 41.2 26.3 217.9b 196.6b
900 SDD (T5) 3.9a 5.0a 49.8 35.1 15.5 240.2a 193.7b
{ SSR |
Control (T1) 2.9b 5.2a 39.0 38.3 22.7 299.8a 262.6a
500 SDD (T2) 2.7b 3.3b 325 335 34.0 249.9a 226.3b
500 SDD (T3) 2.8b 3.8b 35.6 43.7 20.7 247.6a 218.2b
900 SDD (T4) 2.3b 3.6b 35.3 38.7 26.0 248.3a 220.9b
900 SDD (T5) 3.8a 5.3a 46.6 33.9 195 265.3a 222.7b
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The use of resistant varieties and biological and chemical methods have been deployed to
reduce the nematode population density in infested soil. However, many management strategies
involving nematicide use has limitations, such as negative impacts onnhheath, the
environment, and lonterm soil viability. In addition to being expensive, this technique is also
detrimental to other beneficial organisms (Dyrd#bling et al. 2020). Several fumigants have
been discontinued in many countries globally. Saithe resistant potato cultivars used in the
past are no longer commercially grown, and currently, there is little or no available update on



resistant cultivars againBt penetrangOrlando et al. 2020). Cultural practices such as crop
rotation, organic amendments, cover crops, biofumigation, and eliminating weeds during harvest
and the offseason can play a crucial role in controlling flesion nematodes in potato fields
(Castillo and Vovlag2007).
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Nine cultivars of potataised in the regiowere included in th greenhousexperimensg
undercontrolled conditions. These entries include Red Norland (positive control), Caribou Russet,
Hamlin, Teton Russet, Modoc, Columba, Musica, Agata, Dakota Pearl, and Manistee (Table 1).
Red Norland has been used in many previous experiments and has sliaeilitate goodroot
lesion nematode reproduction,wes included as the positive control, and unplanted infested soil
was a hegative control. However, Manistee pmid not germinate in any of the pots and were
later removed from the analysis in the final results. Each experimental treatment (cultivar) had five
replications and all results of all replications were averaged during analysis.

Cover crops and seed meals were tested for their reaction B fhenetransn the
greenhouse under controlled conditions to validate our previous trial. These entries include alfalfa
(cultivars Vernema and High Five), winter rye (Dacold), litchi tomato, mustard seeds and meals
of Sinapis albgldaGold) andBrassica juncedPacific Gold), and potatoes (Castle Russet and
Red Norland) (Table 2). Potato (Red Norland), a known susceptible cultivar, was included as a
positive control. An unplanted infestedIdogatment was also included as a negative control. The
cover crop seeds were acquired from Allied Seed (Nampa, ID), National Small Grains Collection
(Aberdeen, ID), Gilleshammdrhiele Farms Inc. (St. Thomas, ND), Great Northern AG (Plaza,
ND), and Puls&SA (Bismarck, ND). The mustard seeds and seed meals were acquired from Farm
Fuel Inc. (Freedom, CAJEach experimental treatment was replicated five times and results of all
replications were averaged for data analysis.
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Rootlesion nematode$ratylenchus penetransvere collected from a field in Central
Minnesota and found to have an average population of 470 individual nematodes per kg of soil.
Potato tubers were initially cut inte2seed pieces and allowed to sprout in a brown paper bag in
a climatecontrolled room at 1% and 80% humidity for 10 days. On 8/25/23, the sprouted tuber
pieces were planted in a plastic 20 cm x 15 cm black plastic pot with 1.5 kg of the naturally infested
soil after thorough mixing to enseieven nematode distribution of approximately 700-lesibn
nematodes per 1.5 kg pot. Each potato seed pi
line. Experiment was terminated on 11/14/23 and contents of each pot were placed in a plastic bag
for transportation to laboratory for nematode extraction and quantification.
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Rootlesion nematoddratylenchus penetrarmllected from a potato field in Central
Minnesota was increased in the greenhouse for three months using a susceptible potato cultivar
Red Norland. The potato tubers were initially sprouted on moist paper towels placed in a plastic
tray for ten days befe planting. The sprouted tubers were cut infd[@eces and a single piece
of sprouted potato tuber was planted in a plastic pot (20 cm x 15 cm, 1.5 kg soil capacity)
containing naturally infested soil and gnow greenhouse conditions (16 hours of daylight and
an average temperature of’22. After increasing the nematode population for three months, the
potato plants were harvested and nematodes were extracted from soil and roots for quantification.
Soil from all pots was mixed thoroughly and three soil subsamples were taken to extetotdesm
using the sugar centrifugal floatation method (Jenkins 1964). Nematodes were then identified and
guantified under an inverted light microscope (Zeiss Axiovert 25, Zxds Microscopy, NY,

USA). The infested soil and the required amount of pasteurized soil for the experiment were
thoroughly mixed for even nematode distribution. Three subsamples from the newly mixed soll
were then taken to determine the initial nematodeulation for the experiment using the same
extraction described above. The initial nematode contains a mixed populaRomp@fetrans
including all stages of juveniles and adults.

¢CKAA ONRFE gl a aSd dzd Ay hO0206SNIthdn HAS YESINDR yIay
12F a2Aatf GNBIGYSyida KI@S UGS NBLXAOIGSEa I yR 02@SN
F LILINREAYIF GSt@ mé 0St2¢ GKS a2if o ¢KS LIFEIWINRAZICHR o &
0SF2NB LI Fyoaydd ¢KS &SSHRSWISE fYah BASNS AK/OR NLRING (inBdRp
Ll2G G M2 606SAIAKGKkESAIKGOL $HAdRP AFFSaGBRAp2Af DT ¢
Rt Ay3dad 6SNBE GKAYYSR (2 GKS [LILINRBLNRARFGS ydzyo SNJ
0KS KSIFIfdKASad 2NJoSad LXFyda ¢6SNB 1SLIW Ay (K

QX
¢ 0y

S
Y

Both experiments were conducted in the Agriculture Experiment Station, NDSU
greenhouse, in controlled conditions (16 hours of daylight and an averag€Q)f fag 12
weeks.The plants were watered daily and maintained during the growing f§Erguate 3) During
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harvesting, the plant height was taken, plant tops were removed, roots were gently separated from
the soil, and they were stored in a cold room°&t ih separate individual plastic bags until they
were processed.

Processing of harvested soil samples and identification guodntification of nematodes from
soil and roots

Nematodes were extracted from a 250 g soitsarples of each pot after harvest using
the sugar centrifugal floatation method (Jenkins 1964). Root samples were also collected, weighed,
and nematodes were extracted using Whitehead trey method (Whiteliebttraming 1965).
Nematodes were identified and counted using an inverted light microscope (Zeiss Axiovert 25)
and the nematode population extracted from 250 g of soil was converted to the total number of
penetransn 1.5 kg of soil. The nematodes frometroots were also counted and converted to
nematodes per gram of root tissue. Total nematodes from the soil and nematodes from total root
tissue were added together to get total number of nematodes per pot, which was used for data
analysis.

Reproductive factor and hosting abilities ratings
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The two alfalfa cultivars (Vernema and High five) tested in this trial both showed a poor
hosting ability toP. penetransvith a reproductive factor (Rf) less than 1 (Figure 2). Alfalfa
(Vernema) reduced the initial population by 68%, validating our previous trial with a 31%
reduction ability. Alfalfa (High Five) showed a population reduction ability of 50% in this trial,
indicating contrasting results tmr previous trial, which was identified as a good host. Winter rye
(Dacold) and Litchi tomato reducéuk initial nematode population by 50%, showing poor hosting
abilities, having an Rf of 0.46 and 0.50, respectively (Figure 2), compared to our previous trials,
which had good hosting ability.

The mustards (Pacific Gold and ldaGold) and seed meals evaluated in this trial for their
reaction toP. penetraniad a consistent result with our previous trial. The Pacific Gold and
ldaGold maintained the initial population withRi slightly greater than one (Figure 2), and
increased the initial population by 25 and 13% respectively. However, both mustard (Pacific and
Idagold) seed meals showed a high reduction ability of 72% and 83%, respectively, indicating their
potential to supess the reproductiaf P. penetransSeveral previous studies have demonstrated
the hosting abilities of Pacific gold and IdaGoldPtopenetransRudolph et al. (2017) reported a
multiplication ofP. penetransn Pacific Gold and ldaGold with Rf ranging between 1 to 3.
Similarly, Belair et al., (2007) indicated an increas®.ipenetransn brown mustardBrassica
junceg, identifying it as an excellent host. Studies have also shown the efficacies of mustard seed
meal in suppressing. penetransZasada et al., (2009) repedit that glucosinolate compounds
from Brassica junceadeed meal may be the key factor in nematode suppression. They further
indicated thaSinapis albasseed meal influenced nematode suppression, achieving 93%
suppression dP. penetransGlobodera pallideexposed tdBrassica. junceageed meal extract at
4.5 t/ha exhibited a 90% reduction in egg hatch compared to-amended control (Dandurand
et al. 2017). SimilarlyB. junceanhibited nematodes without phytotoxicity at 90 or 120 g seed
meal/L and showegotential for controlling roeknot nematode in bermudagrass (Handiseai.

2017). The results of these previous studies were consistent with tested crops in our previous
findings (trial) and this validation trial.



As expected, potato (Red Norland) increased the initial nematode population by almost
90%, consistently showing its potential susceptibilityPtopenetrans Potato (Castle Russet)
showed a poor hosting ability ®. penetrangRf=0.34) and suppressed the initial nematode
population by 66% (Table 3). Unplanted infested soil (fallow) reduced the initial nematode
population by 78%. This study showed no significant difference between the tested mustard seed
meals and the unplantéfllow) infested soil (Tabl&).
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Table 1 Mean final populatiomensitiesof nematode on roots and soil combiyedative ratio compared to
susceptible controtesistanceanking and nematodes per gram of root (NPG)piotato cultivarandcontrols
testedn this study for resistance reactionghe root lesion nematode, penetransin a greenhouse trial

Potato Cultivar Final population % Relative Resistance NPG 2
Ratio* Rating ¥
Unplanted Control Oc 0 - Oc
Red Norland 5,075 a 100% S 300.16 a
Caribou Russet 5,040 a 99.3% S 214.31 ab
Hamlin 3,228 ab 63.6% MS 182.03 ab
Teton Russet 2594 b 51.1% MS 24547 a
Modoc 3918 ab 77.2% S 267.69 a
Columba 2,951 b 58.1% MS 55.26 bc
Musica 3,481 ab 68.6% MS 137.76 abc
Agata 2,426 b 47.8% MR 56.03 bc
Dakota Pearl 2,923 b 57.6% MS 142.40 abc
Manistee** - - - -
Pr>F 0.0001
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Table 3 Mean final population densities, reproductive factor (Rf), population reduction percenPaRfg (
andresistanceaanking of cover crops and controls tested in this study for hosting ability of the root I
nematode,P. penetransin a greenhouse trial*

Cover crop (cultivars)/seed Final population” Relative ratio Resistance PRF
meal rating¥
IdaGold seed meal 120 c 8.9% - 83c
Unplanted infested soll 154 c 11.6% - 78c
PacificGold seed meal 194 c 14.7% - 72c
Alfalfa (Vernema) 220 c 16.8% R 68c
Potato (Castle Russet) 236 ¢ 16.8% R 66¢C
Winter rye (Dacold) 316 ¢ 24.2% R 54c¢
Litchitomato 341 c 26.3% MR 50c
Alfalfa (High Five) 341c 26.3% MR 50c¢c
Mustard Seedifla®ld) 777b 59.5% MS -13b
Mustard SeedRacific @ld) 857b 65.8% MS -25b
Potato (Red Norland) 130 a 100% S -90a
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Cover crops (Culitvars) and seed meals

Figure 2. Host status of the cover crops included based on the average reproductive factor (Rf).
Rf is the mean reproductive factor for each crop cultivar and refers to the final population density
of Pratylenchus penetrans the tested cultivar divided by the initial population density of the
nematode. Host status was based on the categorization of Rf values into five classeshidst non
(Rf < 0.15), P = poor host (Rf = 0.15 to 1.0), M = maintenance host (Rf = 1.0)t&s2-0good

host (Rf = 2.0 to 4)0 and E = excellent host (Rf > 4) (Mbiro and Wesemael 2016). Seed meals

with (-) = Host ranking not availahle
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North America seed potato production is suffering
di seases such as Potato Leaf Rolll ( PL®P\W) sarmsd eldt a
(circulative) wvirus; that meanosm aafnt eirn ftehcet eidn spel catn t
undergoes a reproductive period inside the insect
pl ant Thiatescyapdedidoa PLRV it i s approxi mately
PLRVY is oftenaphbdsmibhaedcblonize potato; a winge
decides itos a suitable food species and deposits
in a new col onyday lagpthamdsy neeens3 PLRV transmissior
we-t i med applications of traditional i nsecticides
the aphids before it can transmit the virus).
Conversely, -pgPeVrYsiisst eeantnowi rus; there is no | atency
by an insect vector from an infected plant and tr
(Bradl eyPVIYO 5c4a)n. be transmitted mechanically as wel
to occur down tractor rows and on cutting tabl es.
be considered mechanical; virus pathegl escadbBapea
are wiped off wmon hvwehinehxti tplfamads .

OQur data from caged trials over the past two year
spread PVY, l' i kely in a similar way. The virus i
adheres to the beetl ebs jawant amglon swhiramsimi tft eaed :
cases of mechani cal transmi ssion of PVY, the viru:
during feeding on the next plant. Some chewing i
regurgitate whide ifree@RPB,g.t hiOf tiemn,an i mportant me
avoid exposure to harmful chemicals in the plant
regurgitated by i nfsoercetgswihciocnhe si sf rboans itcheel | 'y a gi zzar
mechanically digested and stored before being mov
mi dgut is isolated from the foregut, has a much |
enzymes. nsConnditthieo f oregut are much omer @udisinidlean hte
i nsect . Consequentl vy, PVY may be able to survive
and be spread when it regurgitates. The beetl e c
period of time in iittdd of awrnd afte,c t@rdd ptl raaant smiotver t i
summer adult CPB have strong flight abilities and
potentially move PVY between commerci al and seed
The most efficient mechanism of testing if virus
out that section of the gut and test it for the p

PVY RNA woul d be tlhenkusde ionfmuaeddrdysneenyl RENler se Tr ans
pol ymerase chaP@GRYeacThesne (RIboratory techniques
presence and strain of any PVY virus present and

PVY because-pietr siistarmstoonMitrens vectored by aphid spec

colonize potato. I n fact, with regards to PVY tra
is often more impordandedAcarosiniez i mmesapyhdu speci es
potato field, probing plants to determine if they
appropriate hosts, the aphid will flyapbidsesi glaber
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little to no agronomic knowledge and. are unawar e

Consequencadlygninzoinng aphid species wild.l move acr 0S¢
transferring any inocul um prcecsleonnti.z iThhg sv epcrtoocre sssp e c
spending shhor tmudeariipdds pl ants itnhe dhanaoe ofThfiisn die
during nor mal scouting. Not only does this mean t
from infecinéectednehanlteg i aputi disonar endét i n the fice
traditional insecticides to have sufficient ti me
wi | | not control the spread of PVY. Rat her, t he |
gui ockaluse the insectodos feeding behavior to stop.
There are a number of aphid species that vector v
efficirertn ipeagvly zaphipd,[Suilcze2e ) but several others ¢
efficiently vectoring the virus. For example, soy
vectoring PVY as is green peach aphid (Davis and
numbers (RagG@A) et eeay adam® be an i mportant part of
However, potato is not a suitt anbillel hnoostt cfool ro nsiozyeb etah
i mportanaeel|l®ofnirdamg means that scouting for aphids
management practice, may not provide a complete p
given ti me.

Application off ekpghaoigl i @asedcantcii des can | imit the t
colonizing in both aphids that colonize potato an
et al . 2004, Carrol | et aH o.d g2s000n4 ,e t2 0a0l9 ,2 0QADI5s)o.n eBu't
timing is critical and treatments must be applied
field from the margin (this takes about 2 weeks f
Consequently, aeft uma tnegt oapthh @fld pr esence are essenti
monitoringphetdwApkovti des Minnesota and North Dako:
near -trienel i nformation on virus vector flight actiywv



Over the pastApkiveéhAalblempteavisded timely information
presence and the seasonal patterns of vector popu
ri sk i s exposure to hazard. The species of aphid
transmihtatPOsY,hazar d. The traps measure their pres
thatds ri sk.
Our data has identified that the
maj ority of vector Regional Average PVY Vector Capture per Week 2013-2020
in late July and t
2), reflecting man|.
colonizing species
senescing hosts (e~
seek alternate f ool -
seasn flight of aph
confirms that the
infection must occ| - II I
growing.season n 0 mn | | I-I
The total number o e - s e
d oes no t t € I I t h € Regional Average PVY Vector Risk Index per Week 2013-2020
all species of aph
ability to transmi
species are much m
vectors than other|
the Green Peach Ap| .
most efficient spel .
to transmitting PV -
devel oped an index|
Risk Index (Fig 2) v;_'...ll I..
number of vector s Y R I
a trap and their r o " e e
transmitting PVY t|Figure 2. The capture of PV
rel ait$ kk eofr PVY tralAlert traps by weelk020vdragped
any gi ven dat e. And the Regional PVY Ri sk 1ngqg
2020. The dates we r8e 1s0t awedeakr
Reglonal dat a al so/nhumbers so the data could be
what i s happening at a specific | ocation. For ex
across Minnesota and Nort-hubDapkoottahbdbrgsinté® mawpen o
pattern. Some sites, such as Perihams gtednrteicrig tihre
July and peaking in August, while other, such as |
not associated with a gradual increase in popul at



Al l of our cooperators have received the historic
fewer years trapping data than others but those d
activity. These | ocal dat akwinlgl mmae apgsenke nitn d2xd Is i

AAAAAA

Figure 3. The seasonal PVY Vector -RO3&k datde,x fbor whk

Perham (middle) and Lake of the Woods (right). No f
concentration of | nda&ke vaf utelse i Woddgust at

Over the past several years, the Aphiwd d&l ert Net w
coverage, estimating the aphid vector populations
mai ntain and change traps throughoup theclhgesoswiagt
entomol ogy | ab at the University of Minnesotads N
( NWROC) . There the trap contents are sorted, aph
Ri sk I ndex valSiesec2IlRAddli adtndbeoerrkt has provided excel
regional coverage of the Minnesota and North Dako

The UWMMROC Entomol bgycbabduwtl hg additional researc
funded by Specialty Crop Block Grants from both t

|l 2022, pw opose to:

1. Update the distribution of resistance to insecticides in Colorado Potato Beetle
populations in North Dakota and Minnesota production areas.

2. Assess the ability of Colorado Potato Beetl e t
foregut.

3.Continue the Aphid Alert Network, providing po
regional distribution and densities of aphid v
assessments of PVY risk transmission at each t

Procedur es

l1WUpdate di srtedibatta mimesoefct i ci des i npOpludrradonBoti at «
North Dakota and Minnesota production areas
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Direct expwesereonhduated by ' e
(microliter) drops of insect \‘ to the
mi cpiopdtFtbwEach i nsecticide w 4/“ 6
rates: amounts of insecitici with Re
OsmosiOs sl t hat the mg/ vol um val ent
Ox, 1X, 5X, 10X, 25X, and 54 4 el rate
insecticide (00X were treated only).
beetles were placed in a Pet each r a
replicate Petrief p4d&Q elseet IS
treated for each insecticidsg 4 field
and 240 from the insecticide ol ony a
compar ifsfotner. t he 1 ns et itchiedd
beetweerpd aced onto a potato | Figure 5. Microp|l ates a
- . . di sposable tips .
|l efto fé&edafysr (3 2 Qe)i.en iBteied Il I{ - A A
assessed for mortality at 24h to determine handl:
mortalGRB .ofAtsen appear intoxicated i mmediately aft
days, moad@diin ybe a7s sdeasyssedpobst appl i,catthiosn wars nt.h e
reading used to aMoswamd amgesalidt by placing beetl es
evaluating movement . Anwi tihnisne cot smmiansusteessgbtd i ag déaeé
mor i blumed.percentoimobe¢eatliés at each rate were grapt
response curves which could then be compared to t
insecticide when tested on the insecticide suscep
ResuiRessi stance | evels are presented here as the 1
mg/ v ol as it better represents wuseful management
only from MN | ocations, there weresfeandotclmdse®ns
|l ocations were often treated prior to our being a
were Hastings, Becker, Browervill e, Perham and Cr
There are some caveats to the resulting data that
results that may have been observed in the field
that are typically applied with tAbeameyxrndamegi te. Ri.p
Agri Mek) , I ndoxacarb (Avaunt), and Tol fenpyrad ( T
met abolic detoxification -&mCymersqgoxydédrmras €yt otctha to
physiologically met abotliiczied etso)x.i n sl n( icnicrl cuudnisntga n cnesse
ingredient of an insecticide is subject -450 being
enzymes, PBO can decrease that detoxification, re
active ingradiehe teachoés target site. This wildl
i nsecticide. The bioassays, however, were design
and the addition of PBO might skew that finding.
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ry (Table 1)

-Becker Abamectins were |l ess effective than ot hel
could only be expected to provide 26.6 % mortalit
including neonicotinoids sur pgrni sciomgplayr,i spoenr fwoirtnhne dT o
very effective at this |l ocation.



-Browerville: only Indoxacarb was tested and its e
not be reflective of field applications wherein P

-Crookston: neonicotinoids did not perform with tF
as expected.

-Hastings: (AMO9OW rfodeucdt)s tested within expected

some decreased efficacy in Spinosyns and diamides
-Hastings (Schuler field): Torac performed as expe
|l ow efficacy. (Note: this may not be reflective o

as a synergist.)

-Perham: Torac performed as expected but Avaunt (i
(Note: this may not be reflective of field applic
synergist.)
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Location Insecticide Name / Active Ingredient / Mode of Action # / Class
Admire / AgriMek / BlackHawk / Coragen / Torac / Avaunt /
Imidacloprid4A | Abamectin 6 | Spinosad 5 | Chlorantraniliprole 28| Tolfenpyrad Indoxacarb
Neonicotinoid Avermectin Spinosyns Diamides 2021 22A

METI Indoxacarbs

Susceptible Lab| LD=0.074X LD~ <0.00X| LDe=0.12X LDs= 0.03X LD~ 0.38X LDo= 1.01X

Colony 1X=75.6% 1X=97.7% 1X=87.0% 1X=89.3% 1X=80.5% 1X=49.7%

UMN SPRF LDos= 0.002X LD50=2.6X| LDO= 0.42X LD~ 0.002X LD=0.002X

(Becker MN) 1X=78.4% 1X=26.6% 1X=71.4% 1X=78.4% 1X=96.3%

Browerville LDs= 30.73X

(Browerville, 1X=35.32%

MN)

UMN NWROC LD~ 2.71X LD=0.13X | LD 0.05X LDo= 0.06X

(Crookston, 1X=38.7% 1X=87.1% 1X=87.8% 1X=91.8%

MN)

AMD90OW LDo= 0.65X LD=0.01X LDo= 0.29X

(Hastings MN) 1X=56.92% 1X=62.9% 1X=79.6%

Schuler LD= 0.328X LD~ >50X

(Hastings MN) 1X=78.2% | 1X=16.2%

Hwy 10 LD~ 0.57X LDy= 33.3X

(Perham, MN) 1X=64.78% | 1X=14.33%

this insecticide.

LD ¢ the mount of insecticide (in this case expressed as X the high label rate of the insecticide) that is needed to kihé&@xpodation. A
lower LBo means less insecticide is required to kill an individual, therefore the lower tke thB less resistance in the insect population to

1X = the percent of the insect population killed by 1X the high label rate of the insecticide. The higher this numéss, rdsidtance to this
insecticide in the insect population.
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2) Assess Ability of Colorado PotaThi Beebj ect itwe v\
not completed due to staffing issues.

AAphid Alert Trappingt Wetwabk sBoweBrsest abhpshed in
the seed potato production areas of Minnesota and
powered by solar panel and deep cell battery, dra
the incoming aphids i n pahostaoncpellel ,j aprr.e v eTrrtaipnsg htahvee f
through the night and capturi nfgl inergh)t fdduamnignd ntshee
ofbug 6ttorevbe sortesdwamd s dnhienwggagnpdlearjomad weekly by
coopervahtoorssentdot haeNWRMONC ent omol ogy | abwe e nsects i
sorbed aphids pheweasvedtdedmt i fi ed t o species and apht
dynamics at sample | ocatigerseameeldley esmowieng tMaes:
dynamics. Thiwss imafdoer naavtaiidnabl e to growers on two W
(@phidalert .)bl oRiG#& oWeexlkdnyt r oni ¢ newsl,etltiemk g P ott@at®n
t he NDSU Potato ExXxtemsi/dmwmwwelampage su) cedanpopagtoed:t
t he AgDdlsdt Freayweee established in early June and m
field hostwiasn gv-kthheel etdr/ahpar vest ed. At that point a fi
aphids.

The PVY Vector

i sk I ndex was calculated weekly f

R
across the region as well . phThli spiecde»x hafvlee dt $ f te
efficiency in their ability to transmit PVY. The |
efficacies of different aphid vector species to p

each | ocati on

ResuliTme 2023 seasoyn lweaavw aphid weadaoirt iyemr not o
capture numbers high, but sever al species present
vectors (Table 2).

¢FroftS Hd {Srazylf OFLGdNBE 2F @SO0G2N) I LIKAR &
KAIKZI AYRAOFay3d KAIK @GSO0G2NI LR LIzZ I a2y asx o dz
INBESY LISFOK | LKARZ &Watzf STINIOA yA yrOUNKBA RESIR  LiF2KISH
0N} yaYAaarzy gAlGKAYy UStRao

Sum of
Sum of Sum of Sum of Sum of Sum of Sum of Sum of pvY
Green |sumof |Bird sumof |English [Sumof [Sumof [sumof [Sumof [Sumof |Cotton/ |sumof |Sumof |sumof [Black [Sumof |Damson |Sumof |Identified [Sumof [sumof |Vector
peach  [Soybean [cherry |Comnleaf|grain  |Green |Potato [Sunflower [Thistle [Turnip |melon |Pea Foxglove [Cowpea |bean  [Buckthorn|Hop [Cannabis |non- Total# [Total  |Risk
Row Labels| - |aphid__|aphid _|oataphid|aphid _|aphid |bug  [aphid _|aphid  |aphid  [aphid |aphid |aphid _|aphid _|aphid _|aphid _ |aphid _|Aphid |Aphid |vector _|captured |Vectors |index
Becker 18] 45 2] 12 40| 0f 19| 0f 3 0] 31 0 3 0| 6] 2 0 0| 30| 210 181 34.3
Cando 3 60 3 2 206 0f 32| 2| 39| 3 32 0 0| 5 12 36 2 0| 55 499] — 53.03
Crookston 1 13 0 0] 17| 0 2| 0 4] 0 0 0] 0| 1 0 3 0] 0| 12] 53| 41 5.3
Crystal 5 144 3 15 199 0] 51] 1] 70| 3 36 1 1] 0] 8 64 11 0| 156 768 612 87.5
Erskine 1 69 0] 3 74| 0f 7| 0f 6| 2] 10 0 0| 1 3 13 2 0| 28 219 191 22.7
Gully 0f 54 4 6 84| 0| o 0f 13| 2 21 0 0| 0f ¥ 7] 0 0| 28] 230 202 17.64]
Hoople 0 63 0 5 114 0 8| 2] 31 0 18 1] 0| 0 [ 28 0] 0| 51] 327 276 31.06)
Lisbon 8] 174 0] 11| 72| 0] 7| 4 36| 2 11 0] 0| 0] & 20 12 1] 97 455 359 50.21
Low 1 19 0| 2 17| 0f 3 0f 5| 0| 5. 1 0| 0f 1] 5 0 0| 8| 67| 59 .77
Nebraska | 0f 3 0 0 0| 0f 0| 0f 5| 0| 2] 0 0| 1] 1] 0| 0 1 7| 20] 13 0.75
Nebraska Il 1 & 0 2] 1| 0 0| 1 il 0 4] 0] 0| 0 0 1 1] 0| 2| 16 14 2.78
Perham 2] 56| 0] 2| 8 0] 2| 0] 2| 0 8 0] 0| 1] & 2 1] 0| 26 111] 85 10.65
Sabin 4] 79 0] 13 37| 0f 7| 1 30] 0] 22 0 0| 1 6] 18 4 0| 97| 315 222 29.29
Staples | 0f 20 0 0 9 0f 0| 0f 6| 2 6] 0 0| 1] 1] 1] 0 0| 10] 66| 56| 5.02]
Staples Il 0| 28 1 1 5 0f 0| 0f 4 0| 7] 0 0| 0| 0| 2 0 0| 10] 58] 48| 4.55
Ceanhan = = = n on o anl - > > o - o B e B B an o oAl mzon
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high numbers of vectors, and the fact that se
ors, means that there were highly than averag
d. The average PVY Vector Riwkcactbas-bohet he
average (Fig. 6) while the regional average
in 2023 was al m@9t2td8rre eatarmege t(hrei @ 071)3. Wh i
ation dynamics of apérimd tvee c@ @& G2 avladr asd eni g atrt e
ding in July, peaking in August) the numbers
r than the historical average. This -means m
increasi n@rt verpoet éemtains mi ssi on.
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veral |, the PVY Vector risk in 2023 was one of t



Average Regional PVY Risk Index Values by Weekfor 2023
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Average Regional No. of Vector Aphids / trap by Week for 2023
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4 Wi thin Field DistribuResouiTtbsibs Pgteatt o wdisr dsanded by
Specialty Crop Block Grant but is being reported

project was conducted with the help of North Dako
Seed Certificati onmnsecro utpsl aenatrsl yi nifne cttheed swi t h PVY w
cooperators seed potato fields during early seaso
I nfected plants were marked with flags and preci s
CorrectSed 6Pants at 1.5, 3, 4.5, 6, and 7.5 m on

W, & NW) from identified PVY positive plants were
field PVY bioassay tool <called an | mneunfooSutnrdi pn o(tAg

to be infected with PVY. Later in shepstedsand t h
again tested for PVY using I mmunostrips. I n 2022
from these plants and subjgreendhowsa ai ntlee JgMNwN
Crookston. It was found the growouts provided no

|l mmunoStrips and was not repeated in 2023.

These data provided two interesting observations.
pl ante

i nocul

appear

be

cluste

PVY

positi

pl ants

of ten

ident.i

wi t hin

40m of

ot her

| ar ge

sectio

t he fii

l ackin

i nfect

pl ants |Fjg@reSample points in the 4 fields exam

8) . THmovement of PVY inoculum within seed pot
entire|positive plants used as origin points fo

was not becdustering of origin plants. These dg

sampl edqthey most Iikely reflect planted inocul

PVY whole field distribution or they magy PWY
infection by us so we do not know if this is an a
Early season mapping of within field distribution
addi ti onal i nsight. We also found it was as | i kel
as it was to find one at 2m. As these plants wer
assumed this r efpirelstk nttreadn svmitshawonhi nThi sl dnspreatées:s
at | east 7.5m from an infected plant and our scal
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ReporfiStreémeing potato | ines for Verticillium
Becker, MN

Principle Investigator: Ashish Ranjan495 Borlaug Hall, 1991 Upper Buford Circle
Department of Plant Pathology, University of Minnesotavin Cities,St. Paul MN 55108

Executive-V8ummaiyl ium wilt (caweedi sBypil ) mgnal

also called potato early dying disease, is a
pot at o Pgortoaweor si.s one of the most economically
wi Cul tur al management strat dgpisds sawnah fasni grad g
haldi mi ted economic success. One of the most st
di seases is to sdenanfyvandegeaesratfteplrants. F
vari e€s¢ icersyciial to have disease nurseries for s
Vertiginlfleistmd di sease screening nursery in an
Far m, Beakdr folWRrdthidgisleasmTpeebsaeding effort
(currently | ed by Dr. Laura Shannon)n htahse I|yeedar

2023, we conducted screeninngg noifn e3 Oc opnonmieartco acl | op

cultivars for Verticillium wilt resistance sc!
cultivars/varieties Umatilla Russet and Russe
Superior, Dark Red Norl and, Gah¥urkusnhgGaledd Nor
highly susceptible to Verticillium wilt. The

varieties to be highly tMN1IOrAAORILIO®PMNese potato
MN18CO180,888MN19CO1-B80BRiI guMNl 91910Q1-00OWa2s s hown

better tolerance than Umatilla Russet and Rus

We also isolated Verticillium isolates froi
characterization. We used molecular biology a
(di scussed more in the proceduVeer taincd |rlei suum td ash
and confirmed it in the infected potato stem

Rational e

This study aims to find genetic solutions to manage the Verticillium wilt disease problem

that can reduce dependency on fungicides and fumigants and secure yield loss sustainably. Our



rationale for the proposed study is to use theame (at Sand Plain Research Farm, Becker, MN)
developed Verticillium wilt disease nursery for screening potato lines for disease resistance.
Increased application of fungicides and fumigants poses environmental challenges and
adds to the selection of fungicidesistant pathogens. These strains will be an important resource
for future studies, including understating their differential pathaigrand fungicide resistance.
Surveying and identifying locally adapted Verticillium pathogen isolates might provide a better
understanding of its population dynamics and diversity, which might contribute to a differential
degree of pathogenicityThe unerstanding will help inform growers about reggmecific
planting of potato varieties amlp decideabout fungicide treatments.
Therefore, to achieve these goals, we proposed the following objéictives
1). Screen UMNpotatobreedinglines forVerticillium wilt resistance irtheirrigated potato field
and

2). Isolate and study thdiversity ofVerticillium spp. isolated from MN potato farms.

The proposed i édeenteively tplwaqd ewiulsit ant potato
ulti mately | eading to pot aveo tiinepirlodvieunment f or
Procedures
We used the followingsmatkeddobpeathivesge t he

For objective 1.We conductech screening of 30 lines bred thie UMN potato breeding
including nine commercial cultivars, Superior, Dark Red Norland, Goldrush, Red Norland, Russet
Norkotah, Yukon Gold, Atlantic Russet Burbank, and UmaRlissset (representing a range of
resistance)These linesvereplanted withfour replicates of 10 plant plo(hills) in a completely
randomized block design in tMerticillium wilt nursery at th&and Plain Research Farm, Becker,
MN, on15" May 2@3. Verticillium wilt wasvisually assessdor disease symptona severday
intervals beginning ahe mid-potato vegetative growth and flowering stage (ftoffi July to10"
August) by estimating the number of plants exhibiting symptamd scoring them foriskase
severity Plantsvereassessed foné severity oW erticillium wilt symptoms and stem colonization.
Scoring forthe severity ofVerticillium wilt symptomswas performed by estimating thate for
the percentage of foliage exhibiting senescence using the following €caléNo disease
symptoms,1 - Slight wilting and unilateral discoloration of lower leaves2826 wilt), 2 -
Moderate wilting involving less than ofmalf of the plant (250% wilt), 3 - Severe wilting

ny

V €
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involving more than ondalf of the plant (5475%), and4 - Plant dead or dying from wilt (#5
100% wilt) (Hoyos et. al., 1991 he stem colonizatiowas validated byVerticillium-specific
primers (Inderbitzin et al. 20L1inderbitzin et al. 2011and performind®CR (Polymerase Chain
Reaction) Atallah et.al. 200). Data analysisvasconducted using standard statistical procedures.
We also included another phenotyping method for Verticillium wilt that is looking for
Verticillium wilt rings (Figure 4). We randomly collected 15 tubers of each variety to score for
percentage Verticillium wilt symptoms. We studied ther@ation of Vericillium wilt ring and
foliar symptoms using thePearson produghoment correlation testand Spearman's
coefficientstatistical tools.

For objective 2. We isolatedVerticillium isolatesfrom infected potatostem samples showing
Verticillium wilt characteristicsWe isolated theverticillium strains using a standardized lab
protocol performed under sterile conditions (Figure 5A). The isolated strains were confirmed using
molecular techniques, including isolating the genomic DNA and performing PCR using
Verticillium-specific primers (Inderbita et al., 2011Atallah etal., 2007). We will perform PCR

using universainternal transcribed spar (TS) primers (White TJ et al1990: Appel DJ et al.,

1995 Inderbitzin et al. 203), followed bysequencingf the amplified product. The PCR sequence
results were searched for knowferticillium isolate sequences and were confirmed. We also
performed microbiological study of these isolates by looking for their specific characteristics
(Figure 5B, C, and D).

Resul ts

Verticillium wilt scraemamadomitaaed ovamp lpetrd
i nVear t i ci | Hindnme sdeaeldli ifa eshadnt da tp Itahien research st at
We scrdez@@dat o hill svefran wi d dii suutindrec &s htualy yi ncl u
entries, including suscept iAbleaa auwldteirv ari swper

curve (AUDPC) was cdilsceud sagd esdy mhpyt cemt aenk pariensgs i o n
severity scoring asdensthdeedi abaghélyenlhat spod
l' i nes 1 Fiigasrmeows t he verticill i untownnietr cdiiaslease
potato Galrd eRggdhwnmRugp tdknbdd et (Umaghlly at ol erant)
checkad imleserved an@2ndatheadlLéh  2GnsdublR®?23.
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Figuretheshveews i ci |l | i um wihlet hdighd ays s usrce@rt e
(MNO48344nd highly tol ef0drbt) laisne b(sMNNVECEQOAaMW7 I at
2nd Augl@h ,Aagust 2023.
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AUDPC

FigdurAe ea under the disease progress curve (A
commerci al cultivars (Superior, Dar k Red Nor |
Yukon Gol d, Atl antic Russet pRurkdrntagesedi Umna:
foliage @AU%SWRBithmomul y, 28H Auguosbts,ex@vbad i ons .

I ndi cates highly tolerant wvarieties. The stu

has ten potato hills. Standard deviation of f

FigermPegogresviran evofl ti WnG®é @s eRuis(h 1, & ussusseceerpd i bl e
Russet Unatt bl arant) potato variety at Sand
Phot ogr aph &dJ winy ,(2AAQ,BUB)&ndl §PEu,guFs)t , respecti v
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Figuxx erogres¥eohi caflllti uchi M@ 48@®4 nsuscaptdi bl e)

MN19CO100OF820p tol erant) potato variety at Sand
Phot ogr aph &dJ winy ,(2AAQ.BUB)&ndl @PEu,guFs)t , respecti v
We scored for Verticillium wilt ring podharvest. Some of the tubers infected by
verticillium wilt also develop light brown discoloration in the vascular tissue (Figure 4) near the
tip of the tuber stem. We calculated the percentage of Verticillium iwgtand performed a €o
relation study of Verticillium wilt ring symptom and foliar symptoms usingRearson produet
moment correlation tesind Spearman's coefficiestatistical tools. The study suggested that
Verticillium wilt rings do not relate strayty with foliar symptoms (r = 0.1). We can conclude from

this study that foliar symptoms a better indicator of Verticillium wilt resistance.

Figdtafected tubers with Verticillium wilt de
tissue (arrow pointing towards the vascular r
Franmis wet wdy, preliminarily ctomtdddeanbhapotvat
MN18CO1G60BMN18CO1-60%4 MN18OX2ZA,77 AN 1 OW147 065 d

p M



MN18 Wl 00&¥drot i wiltiumo check t he ¢wensmisgthetn chya vc
t o peanfootfrhmed d eWVhfdiulaetdi otnr.i al suggests measur ab
i n U of MN potato br eedsitraghdpr dgeamst.heWec omée
chamber/ greenhouse b rtls efr osr crreeesmimsntga nnceet .h oQdo n t
experiments ykawi |t hee noertse our sample size
understandi ng anFdorc dnuctlulhseiswset urdensews!,tcsa.n al s o be
geneatnidc somi ¢ © dtdeditedy i mportant potratba egeedn ensg

i mpr ¥Yeetdiciesli stmnt potato | ines.

Fi gbreMor phol ogiVeardt if @ialt lsitwrma idnd hilsioaleat ed f r om
steAn. Col ony after 14 days on PDA growing fro
potato stem cross section 14 days-pott Wabar aBa
pl ate), C. Mi\W.r odsashbleiodbey pa wmét eheal 4Hpr ¢ Wasteem
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