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Proposal Title: 2023 Support of Irrigated Potato Research for North Dakota and Minnesota 

Submitted to Northland & MN Area II Potato Growers Associations 

 

Principle Investigator: Julie Pasche, Department of Plant Pathology, North Dakota  

State University, Fargo, ND 58102. Julie.Pasche@NDSU.edu; 701-231-7547 

Co-Principle Investigator: Gary Secor 

Collaborators: Susie Thompson, Harlene Hatterman-Valenti, Andy Robinson 

 

Executive Summary: North Dakota State University has conducted irrigated potato research for 

over 30 years. Over that time, growers have graciously supported this effort and, in return, had 

access to the wealth of information generated in the areas of cultivar development, general 

cultural management practices such as vine desiccation, herbicide efficacy and damage, nutrient 

and disease management and physiological defects including sugar ends, among others. 

Specifically, trials conducted at the irrigated research site near Inkster, ND, have given us a way 

to track resistance to QoI (FRAC 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 plots for the growers. These efforts have facilitated 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 would be severely 

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 Russell Benz, Dean Peterson, Hunter Bentten, Cory Ingram, Sunil 

Shrestha, Arslan Sarwar, and Rachel Selstedt and the entire field staff for their work on this research. We 

appreciate the generous cooperation from Forest River Colony for assistance with tillage, irrigation, and 

general support. This effort was generously funded by the MN Area II Potato Growers Association and 

the Northland Potato Growers Association. 

 

Rationale: Irrigated potato production accounts for approximately 60% of the stateôs total production 

and differs substantially from non-irrigated production. The majority of the irrigated potato production is 

used in the production of French fries, and as a result, the spectrum of cultivars grown under irrigation 

differs greatly from those produced under non-irrigated conditions. In addition, the pressure from 

diseases, insect and weed pests, cultivar selection and use of fertilizer all differ significantly for irrigated 

potato production compared to potatoes produced under non-irrigated conditions. Some of the most 

impactful research findings from this site include the generation of a PCR assay to quantify Verticillium 

dahliae from stem tissue. This work provided us with a means to determine host resistance to the 

pathogen and how much pathogen is being returned to the soil, allowing us to make grower 

recommendations based on pathogen production, not just visual symptoms that can be variable 

depending on the environment and cultivar maturity. This has led directly to improved breeding for 

resistance to Verticillium in NDSU breeding material. Trials conducted at Inkster also have facilitated 

our ability to track resistance to QoI and SDHI fungicides in the early blight and brown spot pathogens 

in the region. Additionally, we have evaluated fungicides in a program approach specific for the 

pathogens and environmental conditions in this region. Again, allowing us to make timely and relevant 

mailto:Julie.Pasche@NDSU.edu
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grower recommendations. To be applicable to the many irrigated potato growers in the region, research 

must be conducted under irrigated conditions, mimicking as much as possible the grower experience. 

 

The funding for the management of the Inkster irrigated research site facilitates the use of the site by 

potato research projects. The expenses associated with managing the research site include general 

maintenance for all research trials (soil tillage, cultivation, scheduling and performing irrigation, fertility 

management, application of herbicides, fungicides and insecticides, etc.) in addition to assisting in 

planting and harvest operations as needed. The potato pathology management team also monitors soil-

borne pathogens to make the irrigated research site useful to everyone. For example, our research team 

coordinates the fumigation of the Inkster site with Hoverson Farms and has been able to secure Vapam 

donations from AmVac for both the NPGA and Hoverson Farms to offset all expenses associated with this 

fumigation, as needed. This saves approximately $7,500 annually. The Inkster plot coordinator also plants 

and mows all cover crops and assists in planning the annual field day. 

 

The total cost of general management of the irrigated potato research in 2023 near Inkster, ND, at the 

NPGA research site was nearly $80,000. Some notable increases in expenses are due to substantial 

increases in employee salaries and vehicle costs. We continue to make a concerted effort to re-evaluate all 

operations and to increase efficiencies in management of the Inkster research site. For example, in 2022 

and 2023 we enlisted the use of remote soil moisture sensors to more effectively irrigate and potentially 

reduce travel to the site. 

 

Procedures: The funding for the Inkster field site coordinator and additional labor facilitated the use of 

the irrigated potato research site. Research trials conducted include, but are not limited to, general 

management practices like vine desiccation, nutrient management, cultivar improvement, weed control, 

management of foliar diseases such as early blight and black dot, disease management of seed-borne 

Rhizoctonia and silver scurf blemish, seed piece decay and physiological defects like sugar ends. The 

Inkster coordinator performed all soil tillage, managed irrigation, made all herbicide, insecticide, and 

fungicide applications, as well as provided additional labor during planting and harvest operations, as 

needed. The Inkster plot coordinator also planted all cover crops and assisted in planning and preparing 

the site for the annual field day. 
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Research Results: In 2023, 32 research trials were conducted on nearly 24 acres at the Inkster research 

site. As indicated above, these trials span the range of expertise of the potato improvement team. Among 

other things, data from these trials are helpful for screening registered and novel products to provide 

statistically unbiased evaluations for the benefit of the potato industry and growers. In many cases the 

trial results are confidential because products are not registered for use. The Inkster site allows us to 

generate data under local irrigated growing conditions over several years. Using data generated at Inkster, 

in part, products that are deemed successful by the cooperator are registered and marketed for use on 

potatoes in the region. Below we have included some results from trials conducted at Inkster. Some 

results are preliminary and as indicated, some results are confidential. 

 

We saw very high disease pressure in 2023. One example of generating data over several years includes 

the evaluation of new foliar products / formulations for the management of early blight (Figure 2). Results 

reported here represent data generated at Inkster in 2023. Similar data have been generated in other years 

and reflect the same message. While we continue to have concerns over the development of fungicide 

resistance, these fungicides remain very effective against the pathogen population in our region. 

Lǘ ǿŀǎ ǿƻƴŘŜǊŦǳƭ ǘƻ ǎŜŜ Ŧǳƭƭ ǘǊŀƛƭŜǊǎ ŀǘ ǘƘŜ btD! ŬŜƭŘ Řŀȅ ŀƴŘ ǘƘŜ ǘǊƛŀƭ ǎƛǘŜ ƭƻƻƪŜŘ ŀǎ Ŧŀōǳƭƻǳǎ ŀǎ ǳǎǳŀƭ 

ǘƘŀƴƪǎ ǘƻ IǳƴǘŜǊΣ wǳǎǎŜƭƭΣ 5ŜŀƴΣ ŀƴŘ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǘŜŀƳΗ 
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At Inkster in 2023, the pathology project also conducted four trials to evaluate 29 treatments for 

managing seed-borne Rhizoctonia. Registered fungicides, experimental fungicides, and natural products 

were applied as seed treatments and in-furrow at planting. Most of the treatments were entered as 

numbered compounds and/or were confidential. Two non-treated controls were included in each trial, a 

non-inoculated control and a Rhizoctonia seed inoculated control. Many of the products tested did not 

result in significant reduction of Rhizoctonia 45 days after planting. As in past years, the best control of 

Rhizoctonia 45 days after planting continued to be Maxim seed treatment at 0.08 fl oz/cwt plus Quadris 

in-furrow at 9.0 fl oz/acre. Emesto Silver plus mancozeb plus Minuet also provided excellent reduction of 

CƛƎǳǊŜ мΦ ¢Ǌƛŀƭ ŎƻƴŘǳŎǘŜŘ ƛƴ нлно ǳƴŘŜǊ ƘƛƎƘ ŘƛǎŜŀǎŜ ǇǊŜǎǎǳǊŜ ŀǘ ǘƘŜ LƴƪǎǘŜǊ ƛǊǊƛƎŀǘŜŘ ǊŜǎŜŀǊŎƘ ǎƛǘŜΦ 

.ŀǊǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ŀōƻǾŜ ƘŀǾŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ ǊŜƭŀǝǾŜ ŀǊŜŀ ǳƴŘŜǊ ǘƘŜ ŘƛǎŜŀǎŜ ǇǊƻƎǊŜǎǎ 

ŎǳǊǾŜ όǊ!¦5t/ύ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘ ŘƛǎŜŀǎŜ ǎŜǾŜǊƛǘȅ ŀŎǊƻǎǎ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ Ǿƛǎǳŀƭ 
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Rhizoctonia 45 days after planting.  The presence of post-harvest tuber black scurf was evaluated after 

two months of storage, but only a small amount of scurf was found. 

 

A field trial was conducted in 2023 at the Inkster site to evaluate efficacy of eight seed treatments and in-

furrow at planting treatments to reduce blemish of harvested potatoes. Tubers cv. Agata naturally infected 

with silver scurf were planted at the Inkster site and grown using local agronomic practices. Tubers were 

harvested and incubated at 50F for four months and evaluated for total blemish, a combination of silver 

scurf and black dot. 

 

Field research was conducted at the Northern Plains Potato Growers Association Irrigated Research site 

near Inkster, ND to evaluate Anthem Flex herbicide (not currently labelled on potato at the time of 

publication) for weed control and crop safety in Russet Burbank potatoes.  The Inkster site was planted on 

June 15.  Hill and herbicide application were done on June 27 (12 DAP).  Plots were 4 rows by 20 feet 

arranged in a randomized complete block design with 4 replicates.  Seed pieces (2 oz) were planted on 

36-inch rows and 12-inch spacing.  Extension recommendations were used for cultural practices 

throughout the year.  The trials were harvested on October 19. 

 

 

     

 

   

 

 

 

Treatment List for Inkster: 

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 

 Lorox 1 lb/a 

4 Anthem Flex 4 floz/a 

 Sencor 10.6 oz/a 

 Lorox 1 lb/a 

Inkster Application: 

Date: 6/27 

Air Temperature (F): 76 

Relative Humidity (%): 58 

Wind (MPH): 8 

Soil Moisture: adequate 

Cloud Cover (%): 100 

Next Rain: 6/28 

Inkster Yield (cwt/a): 

TRT No. Total 0-4 oz 4-6 oz 6-10 oz 10-14 oz >14 oz 

1 413 127 117 125 25.5 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 Tuber Number in 20 RowFt: 

TRT No. Total 0-4 oz 4-6 oz 6-10 oz 10-14 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 
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Treatment 4 had the highest yields, followed by treatment 3, then treatment 2, and finally treatment 1, the 

nontreated.  The same sequence was true for the highest yielding and greater tuber counts, in each 

category.  Adding Lorox instead of Matrix, tank mixed with Anthem Flex and Sencor, showed the best 

yield in this study.  Pigweed control at Inkster was excellent in treatments 2 (98% control) and 4 (95% 

control), significantly better than treatment 3 (85% control).  The nontreated was significantly worse than 

all the treatments (0% control). However, as you 

can see in the pictures below, there was not a 

severe weed infestation at either location. The 

weed infestation is more typical of most grower 

fields. 
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We feel strongly that we are generating unbiased, reliable, robust recommendations for growers. We look 

forward to working with growers and researchers in the future to tackle existing and emerging challenges 

faced by the industry. Please contact us with any questions concerning this report or any other matters. 

 

LƴƪǎǘŜǊ тκт όнн 5!tΣ мл 5!!ύ ¢w¢ н 
LƴƪǎǘŜǊ тκт όнн 5!tΣ мл 5!!ύ ¢w¢ м 

LƴƪǎǘŜǊ тκт όнн 5!tΣ мл 5!!ύ ¢w¢ о LƴƪǎǘŜǊ тκт όнн 5!tΣ мл 5!!ύ ¢w¢ п 
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5ŀǊǊƛƴ IŀŀƎŜƴǎƻƴΣ ¦{5!π!w{ tƻǘŀǘƻ wŜǎŜŀǊŎƘ ²ƻǊƪǎƛǘŜΣ омм рǘƘ !ǾŜ b9Σ  

9ŀǎǘ DǊŀƴŘ CƻǊƪǎΣ ab рстнмΣ ŘŀǊǊƛƴΦƘŀŀƎŜƴǎƻƴϪǳǎŘŀΦƎƻǾΣ нмуΦттоΦнпто όƻŶŎŜύΣ 

тлмΦнмфΦпфлр όŎŜƭƭύ 

 

9ȄŜŎǳǝǾŜ {ǳƳƳŀǊȅΥ 
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ǾŀǊƛŜǘȅ ǎŜƭŜŎǝƻƴΣ ƘŀǊǾŜǎǘΣ ŀƴŘ ǎǘƻǊŀƎŜ ƳŀƴŀƎŜƳŜƴǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǇǊŜǎǎǳǊŜ ōǊǳƛǎƛƴƎΦ  wŜǇƭƛŎŀǘŜŘ 

ǎǘƻǊŀƎŜ ǘǊƛŀƭǎ ŀǊŜ ōŜƛƴƎ ŎƻƴŘǳŎǘŜŘ ƻƴ ǎŜǾŜƴ ŎƘƛǇ ǾŀǊƛŜǝŜǎ ŀƴŘ о ǊǳǎǎŜǘ ǾŀǊƛŜǝŜǎ ǎŀƳǇƭŜŘ ŦǊƻƳ 

ǘƘǊŜŜ b5 ƭƻŎŀǝƻƴǎ όнлно ŎǊƻǇ ȅŜŀǊύΦ   

 

{ŜŜŘ !ƎƛƴƎ LƳǇŀŎǘ ƻƴ .ŀƴƴƻŎƪ ¸ƛŜƭŘ /ƻƳǇƻƴŜƴǘǎΥ  wŜǎǳƭǘǎ ŦǊƻƳ ŀ ǎŜŎƻƴŘ ȅŜŀǊ ƻŦ ŀ .ŀƴƴƻŎƪ 

ǎŜŜŘ ŀƎƛƴƎ ŬŜƭŘ ǘǊƛŀƭ ŀǊŜ ǊŜǇƻǊǘŜŘΦ  .ŀƴƴƻŎƪ ǎŜŜŘ ŀƎƛƴƎ ǘǊŜŀǘƳŜƴǘ ƛƴŎǊŜŀǎŜŘ ǎǘŜƳ ƴǳƳōŜǊ ǇŜǊ 

Ǉƭŀƴǘ ōǳǘ ŀƎƛƴƎ ǘǊŜŀǘƳŜƴǘ ƛƴ нлно ŘƛŘ ƴƻǘ ƘŀǾŜ ŀƴ ƛƳǇŀŎǘ ƻƴ Ǉƭŀƴǘ ŜƳŜǊƎŜƴŎŜ ǊŀǘŜǎΣ ǎǘŀƴŘ 

ŎƻǳƴǘΣ ŀƴŘ ǘƻǘŀƭ ȅƛŜƭŘǎΦ Lƴ ǘƘŜ ǘǿƻ ǎŜŜŘ ƭƻǘǎ ŜȄŀƳƛƴŜŘ ƛƴ нлноΣ ǘƘŜǊŜ ǿŀǎ ƴƻ ŎƭŜŀǊ ŀǎǎƻŎƛŀǝƻƴ 

ōŜǘǿŜŜƴ ǘǳōŜǊ ŀƎƛƴƎ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǘǳōŜǊ ǎƛȊŜ ǇǊƻŬƭŜǎΣ ƻǊ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘǎΦ    

 

tǊƻŎŜǎǎƛƴƎ vǳŀƭƛǘȅ ƻŦ Ş̂ƭƭƻǿ CƭŜǎƘ ŀƴŘ bŜǿ tǳōƭƛŎ ±ŀǊƛŜǝŜǎΥ {ǘƻǊŀƎŜ ǉǳŀƭƛǘȅ ƻŦ CƻƴǘŀƴŜΣ ŀ ȅŜƭƭƻǿ 

ƅŜǎƘ ǾŀǊƛŜǘȅΣ ƎǊƻǿƴ ǳƴŘŜǊ b5 ŘǊȅƭŀƴŘ ŎƻƴŘƛǝƻƴǎ ƛǎ ōŜƛƴƎ ŜȄŀƳƛƴŜŘΦ ¢ƘŜǊŜ Ƙŀǎ ŀƭǎƻ ōŜŜƴ 

ƛƴŎǊŜŀǎŜŘ ǎŜŜŘ ƎǊƻǿŜǊ ƛƴǘŜǊŜǎǘ ƛƴ ŜȄŀƳƛƴƛƴƎ ǇǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ ƻŦ aƻƴ5ŀƪ DƻƭŘΣ ŀƴŘ 9ƭƪ wƛǾŜǊ 

wǳǎǎŜǘ όabмомпнύΦ  !ŘǾŀƴŎŜŘ Ǉƻǘŀǘƻ ǇǊƻŎŜǎǎƛƴƎ ŎƭƻƴŜǎ ŦǊƻƳ b5{¦ ŀƴŘ ƻǘƘŜǊ ǇǳōƭƛŎ ōǊŜŜŘƛƴƎ 

ǇǊƻƎǊŀƳǎ ŀǊŜ ŀƭǎƻ ōŜƛƴƎ ǘǊƛŀƭŜŘ ŀǘ ǘƘŜ ¦{5!π!w{ ƭŀō ƛƴ 9ŀǎǘ DǊŀƴŘ CƻǊƪǎΦ  tǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ όŦǊȅ 

ŎƻƭƻǊύ ŀƴŘ ǎǳƎŀǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ŎƻƳƳŜǊŎƛŀƭ ŎƘŜŎƪ ǾŀǊƛŜǝŜǎ ǘƘǊƻǳƎƘƻǳǘ 

мл ƳƻƴǘƘǎ ƻŦ ǎǘƻǊŀƎŜ ŀǘ ŎƻƴǘǊŀǎǝƴƎ ǎǘƻǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜǎΦ 9ŀǊƭȅ ǎǘƻǊŀƎŜ ǇǊƻŎŜǎǎƛƴƎ Řŀǘŀ ŦǊƻƳ 

ǘƘŜ нлно ŎǊƻǇ ȅŜŀǊ ƛǎ ǇǊŜǎŜƴǘŜŘ ŦǊƻƳ ǎŜƭŜŎǘ ǾŀǊƛŜǝŜǎΦ    

wŀǝƻƴŀƭΥ  

{ǘƻǊŀƎŜ .ǊǳƛǎƛƴƎΥ  tǊŜǎǎǳǊŜ ƅŀǧŜƴƛƴƎκōǊǳƛǎƛƴƎ ŎƻƳƳƻƴƭȅ ƻŎŎǳǊǎ ŦƻƭƭƻǿƛƴƎ ǇǊƻƭƻƴƎŜŘ ǎǘƻǊŀƎŜ 

ŀƴŘ ǇƻǎŜǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƭƭŜƴƎŜ ǘƻ ǇǊƻŘǳŎŜǊǎΦ  9ƭŜǾŀǘŜŘ ǿŀǘŜǊ ƭƻǎǎ ŘǳǊƛƴƎ ŜŀǊƭȅ ǎǘƻǊŀƎŜ ƛǎ ƻƊŜƴ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ ǇǊŜǎǎǳǊŜ ōǊǳƛǎƛƴƎΦ  IƻǿŜǾŜǊΣ ƴƻǘ ŀƭƭ ǾŀǊƛŜǝŜǎ ōŜƘŀǾŜ ǘƘŜ ǎŀƳŜΣ ŀǎ 

ǎƻƳŜ ǾŀǊƛŜǝŜǎ Ƴŀȅ ƘŀǾŜ ŘƛũŜǊŜƴǘ ǇƻǎǘƘŀǊǾŜǎǘ ǎǘƻǊŀƎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ όǘŜƳǇŜǊŀǘǳǊŜΣ ŎƻƻƭƛƴƎ 

ǊŀǘŜκŘǳǊŀǝƻƴΣ ŀƴŘ ƘǳƳƛŘƛǘȅύ ŦƻǊ ǇǊƻǇŜǊ ǿƻǳƴŘ ƘŜŀƭƛƴƎ ǘƘŀǘ ǿƛƭƭ ƳƛƴƛƳƛȊŜ ōǊǳƛǎƛƴƎΦ  

¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ƘŀǊǾŜǎǘ ƳŀƴŀƎŜƳŜƴǘ όǝƳƛƴƎκǘŜƳǇŜǊŀǘǳǊŜκŎƻƻƭƛƴƎ ǊŀǘŜκŘǳǊŀǝƻƴύ 

ƻƴ ǘǳōŜǊ ǿŀǘŜǊ ǊŜƭŀǝƻƴǎ ƛǎ ǇƻƻǊƭȅ ǳƴŘŜǊǎǘƻƻŘΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ƴŜǿƭȅ ǊŜƭŜŀǎŜŘ ŎƭƻƴŜǎΦ tǊŜǎǎǳǊŜ 

ƅŀǧŜƴƛƴƎκōǊǳƛǎƛƴƎ ŀƳƻƴƎ ŎƘƛǇ ŀƴŘ ŦǊȅ ǾŀǊƛŜǝŜǎ ƛǎ ōŜƛƴƎ ŜȄŀƳƛƴŜŘ ƛƴ ŀ ŎƻƴǘǊƻƭƭŜŘ ǾŜƴǝƭŀǝƻƴ 

ǎǘƻǊŀƎŜ ŎƻƳǇŀǊǘƳŜƴǘΦ   

mailto:darrin.haagenson@ars.usda.gov


мм 
 

 

{ŜŜŘ !ƎƛƴƎ LƳǇŀŎǘ ƻƴ .ŀƴƴƻŎƪ ¸ƛŜƭŘ /ƻƳǇƻƴŜƴǘǎΥ  {ŜǾŜǊŀƭ ŎƻƴŎŜǊƴǎ ǊŜƎŀǊŘƛƴƎ ŎŜǊǝŬŜŘ .ŀƴƴƻŎƪ 

ǎŜŜŘ ǇǊƻŘǳŎŜŘ ƛƴ b5 ƘŀǾŜ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΥ ƛƴŎƭǳŘƛƴƎ ŘŜƭŀȅŜŘ ŜƳŜǊƎŜƴŎŜΣ 

ŘŜŎǊŜŀǎŜŘ ǎǘŜƳ ƴǳƳōŜǊ ŀƴŘ ŘŜŎǊŜŀǎŜŘ ǘǳōŜǊ ǎŜǘκȅƛŜƭŘΦ  ¢ƘŜǎŜ ŬŜƭŘ ƻōǎŜǊǾŀǝƻƴǎ Ƴŀȅ ōŜ 

ŀǧǊƛōǳǘŜŘ ǘƻ ŘŜƭŀȅŜŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƎŜ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ǘƘŜ ǎƘƻǊǘŜƴŜŘ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ǘȅǇƛŎŀƭ ƛƴ 

b5 ǇǊƻŘǳŎǝƻƴΦ  ! ǊŜǇƭƛŎŀǘŜŘ b5 ŬŜƭŘ ǘǊƛŀƭ ƛƴ нлно ƛǎ ǘƘŜ ǎŜŎƻƴŘ ȅŜŀǊ ƻŦ ǘƘŜ ǎǘǳŘȅ ǘƘŀǘ Ƙŀǎ 

ŜȄŀƳƛƴŜŘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ .ŀƴƴƻŎƪ ǎŜŜŘ ŀƎŜ ƻƴ Ǉƭŀƴǘ ŜƳŜǊƎŜƴŎŜΣ ŀƴŘ ȅƛŜƭŘ ǇŀǊŀƳŜǘŜǊǎΦ   

 
tǊƻŎŜŘǳǊŜǎΥ  

{ǘƻǊŀƎŜ .ǊǳƛǎƛƴƎΥ .ǊǳƛǎƛƴƎ Řŀǘŀ ƛǎ ōŜƛƴƎ ŎƻƭƭŜŎǘŜŘ ŀŎǊƻǎǎ ǎŜǾŜƴ ŎƘƛǇ ǾŀǊƛŜǝŜǎ ŀƴŘ о ǊǳǎǎŜǘ 

ǾŀǊƛŜǝŜǎ ǎŀƳǇƭŜŘ ŦǊƻƳ ǘƘǊŜŜ b5 ƭƻŎŀǝƻƴǎ ŀƴŘ ǘǿƻ ƘŀǊǾŜǎǘ ŘŀǘŜǎ ƛƴ нлноΦ  ²ƛǘƘƛƴ пу Ƙ ŀƊŜǊ 

ƘŀǊǾŜǎǘΣ ǘǳōŜǊǎ όу πмл ǘǳōŜǊǎκ ǾŀǊƛŜǘȅ ǘǊŜŀǘƳŜƴǘύ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴǘƻ ƳŜǎƘ ōŀƎǎ ŀƴŘ ƛƴƛǝŀƭ ǎŀƳǇƭŜ 

ǿŜƛƎƘǘǎ ǊŜŎƻǊŘŜŘΦ  ¢ǊŜŀǘƳŜƴǘ ōŀƎǎ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴǘƻ млллІ ǘƻǘŜǎ όaŀŎǊƻǇƭŀǎǝŎ онπ{ tǊƻπōƛƴΤ 

ŜȄǘŜǊƴŀƭ ŘƛƳŜƴǎƛƻƴ пуΩΩƭ Ȅ ппΩΩǿ Ȅ олΩΩƘύΦ  ¢ƻǘŜǎ ǿŜǊŜ ƭŀȅŜǊŜŘ ōȅ ǊŜǇƭƛŎŀǘŜ όпπс ǊŜǇƭƛŎŀǘŜǎύΣ ŀƴŘ 

ǘƘŜ ǎƛŘŜ ŀƴŘ ǘƻǇ ǿŜǊŜ ŬƭƭŜŘ ǿƛǘƘ ŀŘŘƛǝƻƴŀƭ ōǳƭƪ ǇƻǘŀǘƻŜǎ ŀƊŜǊ ǇƭŀŎŜƳŜƴǘ ƻŦ ǘǊŜŀǘƳŜƴǘ ōŀƎǎΦ  ! 

ǇǊŜǎǎǳǊŜ ǇƭŀǘŜ ŦŀōǊƛŎŀǘŜŘ ŦǊƻƳ ѹΩΩ ǘƘƛŎƪ ¦Ia² ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ мн ѹ ǘƻƴ ōƻǧƭŜ ƧŀŎƪ ǿκ ƎŀǳƎŜ 

ǇƻǊǘ όbƻǊŎƻ ƳƻŘŜƭ Ітспмн.Dύ ǿŀǎ ǇƭŀŎŜŘ ƻƴ ǘƘŜ ǇƻǘŀǘƻŜǎ ǿƛǘƘƛƴ ǘƘŜ ǘƻǘŜΦ  .ƻǧƭŜ ƧŀŎƪ ƎŀǳƎŜ 

ǇǊŜǎǎǳǊŜ ǿŀǎ ŀŘƧǳǎǘŜŘ ǘƻ ǎƛƳǳƭŀǘŜ ǇǊŜǎǎǳǊŜ ŜȄŜǊǘŜŘ ǿƛǘƘƛƴ ŀƴ муΩ ǇƛƭŜ όнΦм ƭōκƛƴнύΦ  ¢ƘŜ ŘŜǎƛǊŜŘ 

ƎŀǳƎŜ ǇǊŜǎǎǳǊŜ ƛǎ ŀŎƘƛŜǾŜŘ ōȅ ŘƛǊŜŎǝƴƎ ǘƘŜ ǊŀƳ ƛƴǘƻ ǘƘŜ ǎƘŜƭǾƛƴƎ ǎǳǇǇƻǊǘ ǎǘǊǳŎǘǳǊŜΤ ǇǊŜǎǎǳǊŜ ƛǎ 

ƳƻƴƛǘƻǊŜŘ ŀƴŘ ŀŘƧǳǎǘŜŘ ŀǎ ƴŜŜŘŜŘ όŘŀƛƭȅ ŀŘƧǳǎǘƳŜƴǘ ƛǎ ǊŜǉǳƛǊŜŘ ŘǳǊƛƴƎ ƛƴƛǝŀƭ ǎǘƻǊŀƎŜύΦ  {ŀƳǇƭŜǎ 

ǿŜǊŜ ǎǳōŜǊƛȊŜŘ ŦƻǊ н ǿŜŜƪǎ ŀǘ ррϲCΣ фр҈ wIΦ  CƻƭƭƻǿƛƴƎ ǎǳōŜǊƛȊŀǝƻƴΣ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ 

ƭƻǿŜǊŜŘ ǘƻ псϲC ŀǘ ŀ ŎƻƻƭƛƴƎ ǊŀǘŜ ƻŦ όлΦпϲCκŘŀȅύΦ  ¢ŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ƘǳƳƛŘƛǘȅ ǿŀǎ ŎƻƴǘǊƻƭƭŜŘ ŀƴŘ 

ƳƻƴƛǘƻǊŜŘ ǿƛǘƘ ŀ ¢ŜŎƘƳŀǊƪ LƴŎΦ трр /ƻƴǘǊƻƭƭŜǊ ŀƴŘ {ǘƻǊ¢ǊŀŎϰ ǎƻƊǿŀǊŜΦ ¢ƻ ǘŜǎǘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ 

ǎƛƳǳƭŀǘŜŘ ǇƛƭŜ ƘŜƛƎƘǘ ƻƴ ōǊǳƛǎƛƴƎΣ мκо ƻŦ ǘƘŜ ōƻǧƭŜ ƧŀŎƪ ǇǊŜǎǎǳǊŜ όлΦс ƭōκƛƴнύ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ƻƴŜ 

ǘǊŜŀǘƳŜƴǘ ǘƻǘŜΦ  

!ƊŜǊ с ƳƻƴǘƘǎ ǎǘƻǊŀƎŜ όaŀǊŎƘ нлнпύΣ ǘƻǘŜǎ ǿƛƭƭ ōŜ ǊŜƳƻǾŜŘΣ ŀƴŘ ǎŀƳǇƭŜ ōŀƎ ǿŜƛƎƘǘǎ ǊŜŎƻǊŘŜŘ 

ǘƻ ŘŜǘŜǊƳƛƴŜ ǿŀǘŜǊ ƭƻǎǎΦ  9ŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ǘǳōŜǊ ǿƛƭƭ ōŜ ŜǾŀƭǳŀǘŜŘ ŦƻǊ ƅŀǧŜƴŜŘ ŀƴŘ ŘŜǇǊŜǎǎŜŘ 

ŀǊŜŀǎΦ  ¢ƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƅŀǧŜƴŜŘ ŘŜǇǊŜǎǎƛƻƴǎ ǇŜǊ ǘǳōŜǊ ŀƴŘ ǘƻǘŀƭ ƛƳǇŀŎǘŜŘ ŀǊŜŀ ǿƛƭƭ ōŜ 

ŎŀƭŎǳƭŀǘŜŘΦ  ¢ǳōŜǊ ŘƛǎŎƻƭƻǊŀǝƻƴ ƴƻǘŜǎ ǿƛƭƭ ŀƭǎƻ ōŜ ǊŜŎƻǊŘŜŘ ŀƊŜǊ ǇŜŜƭƛƴƎΦ /ƘƛǇ ǉǳŀƭƛǘȅ ǿƛƭƭ ōŜ 

ƳŜŀǎǳǊŜŘ ŦƻƭƭƻǿƛƴƎ Ŏƻƴǝƴǳƻǳǎ ǇǊƻŎŜǎǎƛƴƎ ŀǘ осрϲCΣ фл ǎŜŎƻƴŘǎ ǳǎƛƴƎ ǘƘŜ ¦{5!π!w{ tƛƭƻǘ {ŎŀƭŜ 

/ƘƛǇ [ƛƴŜΦ  /ƘƛǇ ǇƘƻǘƻǎ ŀƴŘ IǳƴǘŜǊƭŀō ǎŎƻǊŜǎ ǿƛƭƭ ōŜ ŎƻƭƭŜŎǘŜŘ ǘƻ ƛŘŜƴǝŦȅ ǾŀǊƛŜǘȅ ƛƳǇŀŎǘ ƻƴ 

ōǊǳƛǎƛƴƎκŎƘƛǇ ŘŜŦŜŎǘ ǊŀǝƴƎΦ   

{ŜŜŘ !ƎƛƴƎ LƳǇŀŎǘ ƻƴ .ŀƴƴƻŎƪ ¸ƛŜƭŘ /ƻƳǇƻƴŜƴǘǎΥ  ¢ǿƻ b5 .ŀƴƴƻŎƪ ǎŜŜŘ ƭƻǘǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ 

ŦǊƻƳ ŀ ŎƻƳƳŜǊŎƛŀƭ ǎŜŜŘ ŦŀǊƳ ŘǳǊƛƴƎ ǘƘŜ нлнн ƘŀǊǾŜǎǘΦ CƻǊ ǊŜǇƻǊǝƴƎ ǇǳǊǇƻǎŜǎΣ ƭƻǘǎ ŀǊŜ 

ƛŘŜƴǝŬŜŘ ŀǎ [ƻǘ Ψ!Ω ŎƻƭƭŜŎǘŜŘ ƻƴ р hŎǘƻōŜǊ нлнн ŀƴŘ [ƻǘ Ψ.Ω ǿŀǎ ǎŀƳǇƭŜŘ ƻƴ ну {ŜǇǘŜƳōŜǊ 

нлннΦ  {ŜŜŘ ǘǳōŜǊǎ ǿŜǊŜ ǘǊŀƴǎǇƻǊǘŜŘ ǘƻ 9ŀǎǘ DǊŀƴŘ CƻǊƪǎ ŦƻǊ ǎŜŜŘ ŀƎƛƴƎΦ  {ŜŜŘ ŀƎƛƴƎ ǘǊŜŀǘƳŜƴǘ 

ǿŀǎ ƛƳǇƻǎŜŘ ǘƘǊƻǳƎƘ ŀ ŎƻƳōƛƴŀǝƻƴ ƻŦ ǎǘƻǊŀƎŜ ŘǳǊŀǝƻƴ ŀǘ мн ŀƴŘ ннϲ/ ό¢ŀōƭŜ мύΦ  {ǘƻǊŀƎŜ 

ŘŜƎǊŜŜ Řŀȅ ό{55ύ ƛǎ ǘƘŜ Řŀȅǎ Ҕпϲ/ ǇǊƛƻǊ ǘƻ ŀ ǎǘƻǊŀƎŜ ƘƻƭŘƛƴƎ ǇŜǊƛƻŘΦ  ¢ǊŜŀǘƳŜƴǘ м ǎŜǊǾŜŘ ŀǎ ŀƴ 

ΨǳƴπŀƎŜŘΩ ŎƻƴǘǊƻƭΣ ǘǊŜŀǘƳŜƴǘǎ н ŀƴŘ о ǿŜǊŜ ŘŜŬƴŜŘ ŀǎ ǘƘŜ ƳƻŘŜǊŀǘŜ ŀƎŜŘ όрлл {55ύ 

ǘǊŜŀǘƳŜƴǘǎΣ ŀƴŘ ǘǳōŜǊǎ ŦǊƻƳ ǘǊŜŀǘƳŜƴǘ п ŀƴŘ р ǿŜǊŜ ǘƘŜ ƻƭŘŜǎǘ ǘǳōŜǊǎ όфлл {55 ŀƎŜ 



мн 
 

ǘǊŜŀǘƳŜƴǘύΦ !ƊŜǊ ǘƘŜ пϲ/ ƘƻƭŘƛƴƎ ǇŜǊƛƻŘΣ ŀƭƭ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ǳƴƛŦƻǊƳƭȅ ǿŀǊƳŜŘΣ ŀƴŘ ǘǳōŜǊ 

ǇƛŜŎŜǎ ƻŦ ǎƛƳƛƭŀǊ ǎƛȊŜ ǿŜǊŜ Ŏǳǘ ŦƻǊ ǇƭŀƴǝƴƎΦ  ¢ƘŜ ŬŜƭŘ ǎǘǳŘȅ ǿŀǎ ŀǊǊŀƴƎŜŘ ŀǎ ŀ ǊŀƴŘƻƳƛȊŜŘ 

ŎƻƳǇƭŜǘŜ ōƭƻŎƪ ǿƛǘƘ ŬǾŜ ŬŜƭŘ ǊŜǇƭƛŎŀǘŜǎ ŀƴŘ ǇƭŀƴǝƴƎ ƻŎŎǳǊǊŜŘ ƻƴ р WǳƴŜ нлно ŀǘ [ŀǊƛƳƻǊŜΣ b5Φ  

9ƳŜǊƎŜƴŎŜ ƴƻǘŜǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ǘƘǊƻǳƎƘ ор Řŀȅǎ ŀƊŜǊ ǇƭŀƴǝƴƎ ό5!tύ ŀǘ н ƻǊ оπŘŀȅ ƛƴǘŜǊǾŀƭǎΦ  !ǘ 

ор Řŀȅǎ ŀƊŜǊ ǇƭŀƴǝƴƎΣ Ŭƴŀƭ ǎǘŀƴŘ Ŏƻǳƴǘǎ ŀƴŘ ǎǘŜƳǎκǇƭŀƴǘ ǿŜǊŜ ǊŜŎƻǊŘŜŘΦ  ¢ƘŜ ǘǊƛŀƭ ǿŀǎ 

ƘŀǊǾŜǎǘŜŘ ƻƴ ну {ŜǇǘŜƳōŜǊ нлноΦ ¢ǳōŜǊ ǎƛȊŜ ǇǊƻŬƭŜǎ ŀƴŘ ȅƛŜƭŘǎ όǘƻǘŀƭ ŀƴŘ ƳŀǊƪŜǘŀōƭŜύ ǿŜǊŜ 

ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ŀƴ !Ǝwŀȅ ǎƻǊǝƴƎ ǎȅǎǘŜƳ ŀǘ ǘƘŜ ¦{5!π!w{ 9ŀǎǘ DǊŀƴŘ CƻǊƪǎ ƭƻŎŀǝƻƴΣ ǿƛǘƘ ǘǿƻπ

Ǉƻƛƴǘ ŎŀƭƛōǊŀǝƻƴΦ 
 

¢ŀōƭŜΦ нлннπно {ǘƻǊŀƎŜ ǘǊŜŀǘƳŜƴǘǎ ǘƻ ŎǊŜŀǘŜ ŎƻƴǘǊŀǎǝƴƎ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƎŜΦ  

   Storage Phase  

 Tuber age1  Curing  Aging Holding2  

Trt # (SDD >4°C)  °C Day  °C Day °C Lot3 B Lot A 

1 168  12 21  - - 4 Oct-21 Oct-28 
2 536  12 21  12 46 4 Dec-6 Dec-13 
3 546  12 21  22 21 4 Nov-11 Nov-18 
4 984  12 21  12 102 4 Jan-31 Feb-07 
5 996  12 21  22 46 4 Dec-06 Dec-12 

м  ǎǘƻǊŀƎŜ ŘŜƎǊŜŜ Řŀȅ ό{55ύ ƛǎ ǘƘŜ Řŀȅǎ Ҕпϲ/ ǇǊƛƻǊ ǘƻ ǎǘƻǊŀƎŜ ƘƻƭŘƛƴƎ ǇŜǊƛƻŘΦ    
н  ŘŀǘŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ пϲ/ ǎǘƻǊŀƎŜ ƘƻƭŘƛƴƎ ǇŜǊƛƻŘΦ 
о ǎŜŜŘ ƭƻǘ Ψ.Ω ŀƴŘ Ψ!Ω ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŀ ƎǊƻǿŜǊ ŎƻƻǇŜǊŀǘƻǊ ƻƴ {ŜǇǘŜƳōŜǊ олǘƘ ŀƴŘ hŎǘƻōŜǊ  

   тǘƘΣ нлннΦ      
 

wŜǎǳƭǘǎΥ 

{ǘƻǊŀƎŜ .ǊǳƛǎƛƴƎΥ Cƛƴŀƭ ōǊǳƛǎƛƴƎ Řŀǘŀ ǿƛƭƭ ōŜ ŎƻƭƭŜŎǘŜŘ aŀǊŎƘ нлнпΦ 
 

{ŜŜŘ !ƎƛƴƎ LƳǇŀŎǘ ƻƴ .ŀƴƴƻŎƪ ¸ƛŜƭŘ /ƻƳǇƻƴŜƴǘǎΥ  bƻ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƻǘŀƭ ŜƳŜǊƎŜƴŎŜ 

ǿŜǊŜ ŘŜǘŜŎǘŜŘ ŀƳƻƴƎ ǘƘŜ ǎŜŜŘ ƭƻǘǎ ŀƴŘ ǎŜŜŘ ŀƎƛƴƎ ǘǊŜŀǘƳŜƴǘǎ ƛƴ нлно ό¢ŀōƭŜ нύΦ  ²Ŝ ǿŜǊŜ 

ŜȄǇŜŎǝƴƎ ǘƻ ƻōǎŜǊǾŜ ƳƻǊŜ ǊŀǇƛŘ ŜƳŜǊƎŜƴŎŜ ŦǊƻƳ ŀƎŜŘ ǎŜŜŘ ǘǊŜŀǘƳŜƴǘǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ŘŜƭŀȅŜŘ 

WǳƴŜ ǇƭŀƴǝƴƎ ŘŀǘŜ Ƴŀȅ ƘŀǾŜ ƳŀǎƪŜŘ ƻǳǊ ŀōƛƭƛǘȅ ǘƻ ŘŜǘŜŎǘ ŘƛũŜǊŜƴŎŜ ƛƴ ŜƳŜǊƎŜƴŎŜ ǊŀǘŜ ŀƳƻƴƎ 

ǘƘŜ ǎŜŜŘ ŀƎŜ ǘǊŜŀǘƳŜƴǘǎ ƛƴ нлноΦ ¢ƘŜ ŘŀǘŜ ƻŦ рл҈ ŜƳŜǊƎŜƴŎŜ ǿŀǎ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ 

ŀƳƻƴƎ ǎŜŜŘ ŀƎŜ ǘǊŜŀǘƳŜƴǘ ƻǊ ǎŜŜŘ ƭƻǘǎ όŘŀǘŀ ƴƻǘ ǎƘƻǿƴύΦ   !ƎƛƴƎ ǘǊŜŀǘƳŜƴǘ ǎƛƎƴƛŬŎŀƴǘƭȅ 

ƛƳǇŀŎǘŜŘ ȅƛŜƭŘ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ǘǳōŜǊ ȅƛŜƭŘǎ ƛƴ нлноΦ  ¸ƛŜƭŘ ŘƛũŜǊŜƴŎŜǎ ǿŜǊŜ ŀƭǎƻ ƻōǎŜǊǾŜŘ 

ōŜǘǿŜŜƴ ǎŜŜŘ ƭƻǘǎΦ  ²ƛǘƘ ǎŜŜŘ ƭƻǘ Ψ!ΩΣ ǘƘŜ ƻƭŘŜǎǘ ǎŜŜŘ ǘǳōŜǊǎ ƻŦ ǘǊŜŀǘƳŜƴǘ р ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ 

ƘƛƎƘŜǎǘ ǎǘŜƳκǇƭŀƴǘ ŀƴŘ ǘǳōŜǊǎκǇƭŀƴǘ Ǌŀǝƻǎ ό¢ŀōƭŜ оύΦ  {ƛƳƛƭŀǊƭȅΣ ŀƎŜŘ ǘǊŜŀǘƳŜƴǘ р ƛƴ ǎŜŜŘ ƭƻǘ Ψ.Ω 

ƘŀŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ƘƛƎƘŜǊ ǎǘŜƳǎ ǇŜǊ ǇƭŀƴǘΦ  IƻǿŜǾŜǊΣ ƛƴ ǎŜŜŘ ƭƻǘ Ψ.ΩΣ ōƻǘƘ ǘƘŜ ŎƻƴǘǊƻƭ ŀƴŘ ŀƎŜŘ 

ǘǊŜŀǘƳŜƴǘ р ƘŀŘ ǎƛƳƛƭŀǊƭȅ ƘƛƎƘ ǘǳōŜǊǎκǇƭŀƴǘ ƻŦ рΦн ŀƴŘ рΦо ǘǳōŜǊǎκǇƭŀƴǘΣ ǊŜǎǇŜŎǝǾŜƭȅΦ  ¢ƘŜǊŜ ǿŀǎ 

ƴƻ ŎƭŜŀǊ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ ǎŜŜŘ ŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǘǳōŜǊ ȅƛŜƭŘǎ ƛƴ нлноΦ ¢ƘŜ ƘƛƎƘŜǎǘ ǘƻǘŀƭ 

ŀƴŘ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘǎ ŦǊƻƳ ǎŜŜŘ ƭƻǘ Ψ!Ω ǿŜǊŜ ƻōǎŜǊǾŜŘ ŦǊƻƳ ǘƘŜ рлл {55 όǘǊŜŀǘƳŜƴǘ оύΦ  Lƴ 

ŎƻƴǘǊŀǎǘΣ ǘƘŜ ŎƻƴǘǊƻƭ ǘǊŜŀǘƳŜƴǘ ƛƴ ǎŜŜŘ ƭƻǘ Ψ.Ω ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘǎΦ  ²ƛǘƘ ǊŜƎŀǊŘǎ 

ǘƻ ǘǳōŜǊ ǎƛȊŜ ǇǊƻŬƭŜǎΣ ƛƴŎǊŜŀǎƛƴƎ ǎŜŜŘ ǘǳōŜǊ ŀƎŜ ƎŜƴŜǊŀƭƭȅ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ƭŀǊƎŜǊ ǇŜǊŎŜƴǘŀƎŜ ƻŦ 

ǎƳŀƭƭŜǊ ǘǳōŜǊǎ ǿƛǘƘ ŀ ŎƻƴŎƻƳƛǘŀƴǘ ŘŜŎǊŜŀǎŜ ƛƴ ƭŀǊƎŜ ǘǳōŜǊǎ όҔмл ƻǳƴŎŜύΦ   



мо 
 

¢ŀōƭŜ нΦ  ҈ 9ƳŜǊƎŜƴŎŜ ŀǘ мтΣ нпΣ ŀƴŘ ор Řŀȅǎ ŀƊŜǊ ǇƭŀƴǝƴƎ ό5!tύ ŀƳƻƴƎ ǘǿƻ b5 .ŀƴƴƻŎƪ {ŜŜŘ 

[ƻǘǎ όнлноύмΦ  

  % Emergence (17, 24, and 35 DAP)   

  17  24  35   
 Lot A B  A B  A B   

Age Trt#2            
Control (T1)  17 40  72 79  88 79   
500 SDD (T2)  16 28  60 72  80 86   
500 SDD (T3)  28 36  80 81  83 90   
900 SDD (T4)  20 17  61 69  82 85   
900 SDD (T5)  32 42  72 71  82 73   
м  ǎŜŜŘ ǇƛŜŎŜǎ ǿŜǊŜ Ŏǳǘ ƻƴ aŀȅ мрΣ нлно ŀƴŘ ǎǘƻǊŜŘ ŀǘ όмлϲ/ύ ǇǊƛƻǊ ǘƻ ǇƭŀƴǝƴƎ ƻƴ WǳƴŜ рΣ нлно 

ŀǘ [ŀǊƛƳƻǊŜΣ b5Φ  9ƳŜǊƎŜƴŎŜ ƴƻǘŜǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ƛƴ нπŘŀȅ ƛƴǘŜǊǾŀƭǎΦ 
н ŀƎƛƴƎ ǘǊŜŀǘƳŜƴǘǎ ŀǊŜ ŘŜŬƴŜŘ ƛƴ ¢ŀōƭŜ мΣ ǿƘŜǊŜ ǘǊŜŀǘƳŜƴǘ ό¢мύ ƛǎ ŎƻƴǘǊƻƭΣ ¢нΣ ¢о ŀǊŜ ƳƻŘŜǊŀǘŜƭȅ 

ŀƎŜŘΣ ŀƴŘ ¢пΣ ¢р ŀǊŜ ǘƘŜ ƻƭŘŜǎǘ ŀƎŜŘ ǎŜŜŘΦ  {55 ǎǘƻǊŀƎŜ ŘŜƎǊŜŜ Řŀȅ ό{55ύ ƛǎ ǘƘŜ Řŀȅǎ Ҕпϲ/ ǇǊƛƻǊ 

ǘƻ ǎŜŜŘ ǎǘƻǊŀƎŜ ƘƻƭŘƛƴƎ ǇŜǊƛƻŘΦ 

 

¢ŀōƭŜ оΦ  LƳǇŀŎǘ ƻŦ ǎŜŜŘ ŀƎŜ ƻƴ ȅƛŜƭŘ ǇŀǊŀƳŜǘŜǊǎ ŦǊƻƳ ǘǿƻ b5 .ŀƴƴƻŎƪ ǎŜŜŘ ƭƻǘǎ όнлноύΦ 

{ŜŜŘ [ƻǘ Ψ!Ω   % Tuber Size Profile CWT/A 

Age Trt4 S/P1 T/P2 <4 oz 4-10 oz >10 oz Total MRKT3 
Control (T1) 2.2c5 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 

        

{ŜŜŘ [ƻǘ Ψ.έ        

Control (T1) 2.9b 5.2a 39.0 38.3 22.7 299.8a 262.6a 

500 SDD (T2) 2.7b 3.3b 32.5 33.5 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 19.5 265.3a 222.7b 
м   {κt Ґ ǎǘŜƳǎ ǇŜǊ Ǉƭŀƴǘ 
н  ¢κt Ґ ǘǳōŜǊǎ ǇŜǊ Ǉƭŀƴǘ 
о ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘ ƛǎ ǊŜǇƻǊǘŜŘ ŀǎ ǘƘŜ ǘƻǘŀƭ ȅƛŜƭŘ Ƴƛƴǳǎ ǘƘŜ ǳƴŘŜǊǎƛȊŜŘ όғп ƻǳƴŎŜύ ǘǳōŜǊǎΦ 
п {55 ǎǘƻǊŀƎŜ ŘŜƎǊŜŜ Řŀȅ ό{55ύ ƛǎ ǘƘŜ Řŀȅǎ Ҕпϲ/ ǇǊƛƻǊ ǘƻ ǎŜŜŘ ǎǘƻǊŀƎŜ ƘƻƭŘƛƴƎ ǇŜǊƛƻŘΦ 
р ƳŜŀƴǎ ǿƛǘƘƛƴ ŀ ǎŜŜŘ ƭƻǘ ŎƻƭǳƳƴ ǘƘŀǘ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ƭŜǧŜǊ ŀǊŜ ƴƻǘ ǎǘŀǝǎǝŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ 

ŘƛũŜǊŜƴǘ όt Җ лΦлрύΦ 

 

 



мп 
 

tǊƻŎŜǎǎƛƴƎ vǳŀƭƛǘȅ ƻŦ Ş̂ƭƭƻǿ CƭŜǎƘ ŀƴŘ bŜǿ ±ŀǊƛŜǝŜǎΥ  tǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ ƻŦ CƻƴǘŀƴŜ ŀƴŘ ǎŜƭŜŎǘ  

ŎƭƻƴŜǎ ƛǎ ǊŜǇƻǊǘŜŘ όнлно ŎǊƻǇύΦ   tǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ ǿƛƭƭ ōŜ ŜǾŀƭǳŀǘŜŘ ǘƘǊƻǳƎƘ WǳƴŜ нлнпΦ   
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¢ƛǘƭŜΥ 9Ǿŀƭǳŀǝƻƴ ƻŦ tƻǘŀǘƻ /ǳƭǝǾŀǊǎ ŦƻǊ wŜǎƛǎǘŀƴŎŜ ǘƻ ǘƘŜ wƻƻǘπƭŜǎƛƻƴ bŜƳŀǘƻŘŜΣ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ  

 

LƴǾŜǎǝƎŀǘƻǊ ƴŀƳŜΥ 5ǊΦ DǳƛǇƛƴƎ ¸ŀƴΣ !ǎǎƻŎƛŀǘŜ tǊƻŦŜǎǎƻǊ ƻŦ bŜƳŀǘƻƭƻƎȅ 

!ŘŘǊŜǎǎΥ 5ŜǇǘΦ tƭŀƴǘ tŀǘƘƻƭƻƎȅ ІтсслΣ b5{¦Σ th .ƻȄ слрлΣ CŀǊƎƻΣ b5  румлуπслрл  

9ƳŀƛƭΥ ƎǳƛǇƛƴƎΦȅŀƴϪƴŘǎǳΦŜŘǳ 

tƘƻƴŜΥ тлмπномπтлсф 

 

/ƻƭƭŀōƻǊŀǘƻǊǎΥ 5ǊǎΦ WǳƭƛŜ tŀǎŎƘŜΣ DŀǊȅ {ŜŎƻǊΣ ŀƴŘ !ƴŘȅ wƻōƛƴǎƻƴ 

 

{ǳƳƳŀǊȅ 

Lƴ нлноΣ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎǳǎŎŜǇǝōƛƭƛǘȅ ƻŦ ƴƛƴŜ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ 

ǘƻ ǘƘŜ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ŀƴŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǎŜǾŜƴ ŎƻǾŜǊ ŎǊƻǇǎ ǘƻ 

ǇƻǘŜƴǝŀƭƭȅ ǊŜŘǳŎŜ ƴŜƳŀǘƻŘŜ ǊŜǇǊƻŘǳŎǝƻƴΦ Lǘ ǿŀǎ ŦƻǳƴŘ ǘƘŀǘ ǘǿƻ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ ό/ŀǊƛōƻǳ wǳǎǎŜǘ ŀƴŘ 

aƻŘƻŎύ ǿŜǊŜ ǎǳǎŎŜǇǝōƭŜ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŎƻƴǘǊƻƭ όwŜŘ bƻǊƭŀƴŘύΣ ŬǾŜ ǿŜǊŜ ƳƻŘŜǊŀǘŜƭȅ 

ǎǳǎŎŜǇǝōƭŜ όIŀƳƭƛƴΣ ¢Ŝǘƻƴ wǳǎǎŜǘΣ /ƻƭǳƳōŀΣ aǳǎƛŎŀΣ ŀƴŘ 5ŀƪƻǘŀ tŜŀǊƭύΣ ŀƴŘ ƻƴƭȅ ƻƴŜ ǿŀǎ ƳƻŘŜǊŀǘŜƭȅ 

ǊŜǎƛǎǘŀƴǘ ό!ƎŀǘŀύΦ ¢ƘŜ ŎƻǾŜǊ ŎǊƻǇ ŜȄǇŜǊƛƳŜƴǘ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎǳǎŎŜǇǝōƭŜ ŎƻƴǘǊƻƭ όwŜŘ 

bƻǊƭŀƴŘύΣ ǘƘǊŜŜ ŎǊƻǇǎ ό±ŜǊƴŜƳŀ ŀƭŦŀƭŦŀΣ /ŀǎǘƭŜ wǳǎǎŜǘ ǇƻǘŀǘƻΣ ŀƴŘ ǿƛƴǘŜǊ ǊȅŜύ ǿŜǊŜ ǊŜǎƛǎǘŀƴǘ ǘƻ ǘƘŜ Ǌƻƻǘπ

ƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜΣ ǘǿƻ ŎƻǾŜǊ ŎǊƻǇǎ ό[ƛǘŎƘƛ ǘƻƳŀǘƻ ŀƴŘ IƛƎƘ CƛǾŜ ŀƭŦŀƭŦŀύ ǿŜǊŜ ƳƻŘŜǊŀǘŜƭȅ ǊŜǎƛǎǘŀƴǘΣ ŀƴŘ 

ǘǿƻ ƳǳǎǘŀǊŘ ǾŀǊƛŜǝŜǎ όLŘŀDƻƭŘ ŀƴŘ tŀŎƛŬŎ DƻƭŘύ ǿŜǊŜ ƳƻŘŜǊŀǘŜƭȅ ǎǳǎŎŜǇǝōƭŜΦ Lǘ ǿŀǎ ŀƭǎƻ ŘŜǘŜǊƳƛƴŜŘ 

ǘƘŀǘ LŘƻDƻƭŘ ǎŜŜŘ ƳŜŀƭ ŀƴŘ tŀŎƛŬŎ DƻƭŘ ǎŜŜŘ ƳŜŀƭ ŎƻǳƭŘ ǇƻǘŜƴǝŀƭƭȅ ǊŜŘǳŎŜ ǘƘŜ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ 

ǇƻǇǳƭŀǝƻƴǎ ōȅ уо҈ ŀƴŘ тн҈Σ ǊŜǎǇŜŎǝǾŜƭȅΦ  

 

.ŀŎƪƎǊƻǳƴŘ  

 

tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ƛǎ ǘƘŜ Ƴƻǎǘ ŜŎƻƴƻƳƛŎŀƭƭȅ ŘŀƳŀƎƛƴƎ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ ǎǇŜŎƛŜǎ 

ŀũŜŎǝƴƎ ǇƻǘŀǘƻΦ Lƴ ƻǳǊ ǇǊŜǾƛƻǳǎ ƴŜƳŀǘƻŘŜ ǎǳǊǾŜȅǎΣ ǿŜ ŎƻƭƭŜŎǘŜŘ уо ǎƻƛƭ ǎŀƳǇƭŜǎ ŦǊƻƳ ŬǾŜ ŎƻǳƴǝŜǎ ƛƴ 

b5 ŀƴŘ abΣ ŀƴŘ ŘŜǘŜŎǘŜŘ ŜƛƎƘǘ ƎǊƻǳǇǎ ƻŦ ƴŜƳŀǘƻŘŜǎ ƛƴ Ǉƻǘŀǘƻ ŬŜƭŘǎΦ wƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜǎ ǿŜǊŜ 

ŦƻǳƴŘ ƛƴ ƻǾŜǊ рл҈ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΣ ŀƴŘ ол ǎŀƳǇƭŜǎ όос҈ύ ǿŜǊŜ ƛƴŦŜǎǘŜŘ ǿƛǘƘ tΦ ǇŜƴŜǘǊŀƴǎΦ {ƻƳŜ Ǉƻǘŀǘƻ 

Ǌƻƻǘǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ Ŏƻƴǘŀƛƴ ǳǇ ǘƻ мΣмлл tΦ ǇŜƴŜǘǊŀƴǎκƎ ƻŦ ŦǊŜǎƘ ǊƻƻǘǎΦ tΦ ǇŜƴŜǘǊŀƴǎ ƛǎ ƘƛƎƘƭȅ ǾƛǊǳƭŜƴǘ ŀƴŘ 
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мс 
 

ŀǊŜ ǳǎǳŀƭƭȅ ŎƻƴǘǊƻƭƭŜŘ ǿƛǘƘ ƴŜƳŀǝŎƛŘŜǎΦ IƻǿŜǾŜǊΣ ŎƘŜƳƛŎŀƭ ƴŜƳŀǝŎƛŘŜǎ ŀǊŜ ŜȄǇŜƴǎƛǾŜ ŀƴŘ ƴƻǘ 

ŜƴǾƛǊƻƴƳŜƴǘπŦǊƛŜƴŘƭȅΦ DǊƻǿƛƴƎ ǊŜǎƛǎǘŀƴǘ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ ŀƴŘ ǳǎŜ ƻŦ ǇƻƻǊ Ƙƻǎǘǎ ŀǊŜ ǘƘŜ ƳƻǎǘπŜũŜŎǝǾŜΣ 

ŜŎƻƴƻƳƛŎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ǎƻǳƴŘ ŀǇǇǊƻŀŎƘ ǘƻ ŎƻƴǘǊƻƭ tΦ ǇŜƴŜǘǊŀƴǎΦ ²Ŝ ǘŜǎǘŜŘ мм Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ ŦƻǊ 

ǘƘŜƛǊ ǊŜǎǇƻƴǎŜǎ ǘƻ tΦ ǇŜƴŜǘǊŀƴǎ ƛƴ ǇǊŜǾƛƻǳǎ ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ǘƘŜ ǇƻǇǳƭǘŀƛƻƴ ŘŜƴǎƛǝŜǎ ƛƴŎǊŜŀǎŜŘ ŀǘ ƭŜŀǎǘ 

оΦрπŦƻƭŘ ŀƴŘ ƴƻƴŜ ƻŦ ǘƘŜ ŎǳƭǝǾŀǊǎ ǎƘƻǿŜŘ ǊŜǎǎƛǘŀƴŎŜΦ ²ƛǘƘ ƭŀǎǘ ŦǳƴŘƛƴƎ ǎǳǇǇƻǊǘ ŦǊƻƳ btD! ŀƴŘ 

aƛƴƴŜǎƻǘŀ !ǊŜŀ LL tƻǘŀǘƻ DǊƻǿŜǊǎ !ǎǎƻŎƛŀǝƻƴΣ ǿŜ ǘŜǎǘŜŘ ǘŜƴ ŎƻǾŜǊ ŎǊƻǇ ǎǇŜŎƛŜǎκŎǳƭǝǾŀǊǎ ŀƴŘ ǎŜŜŘ ƳŜŀƭǎ 

ŦƻǊ ǘƘŜ ƘƻǎǝƴƎ ŀƴŘ ǇƻǇǳƭŀǝƻƴ ǊŜŘǳŎǝƻƴ ŀōƛƭƛǝŜǎ ǘƻ tΦ ǇŜƴŜǘǊŀƴǎ ƛƴ нлннΦ CǊƻƳ ǘƘŜ ƻƴŜπǝƳŜ 

ŜȄǇŜǊƛƳŜƴǘΣ ǿŜ ŦƻǳƴŘ ǘƘŀǘ !ƭŦŀƭŦŀ ŎǳƭǝǾŀǊ ±ŜǊƴŜƳŀ ǊŜŘǳŎŜŘ ǘƘŜ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŀƴŘ ǎƘƻǿŜŘ ŀ 

ǇƻƻǊ ƘƻǎǝƴƎ ŀōƛƭƛǘȅ ǘƻ tΦ ǇŜƴŜǘǊŀƴǎΣ ōǳǘ !ƭŦŀƭŦŀ όIƛƎƘ CƛǾŜύ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ǎƘƻǿƛƴƎ ŀ 

ƎƻƻŘ ƘƻǎǝƴƎ ŀōƛƭƛǘȅΦ !ǇǇƭƛŎŀǝƻƴ ƻŦ ƳǳǎǘŀǊŘ tŀŎƛŬŎ DƻƭŘ ǎŜŜŘ ƳŜŀƭ ǘƻ tΦ ǇŜƴŜǘǊŀƴǎπƛƴŦŜǎǘŜŘ ǎƻƛƭ ǊŜŘǳŎŜŘ 

ǘƘŜ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ōǳǘ LŘŀƎƻƭŘ ǎŜŜŘ ƳŜŀƭ ƳŀƛƴǘŀƛƴŜŘ ǘƘŜ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴΦ [ƛǘŎƘƛ ǘƻƳŀǘƻ 

ŀƴŘ ǿƛƴǘŜǊ ǊȅŜ ό5ŀŎƻƭŘύ ŀǎ ǿŜƭƭ ŀǎ ƳǳǎǘŀǊŘ ǎŜŜŘǎ ƻŦ tŀŎƛŬŎ DƻƭŘ ŀƴŘ LŘŀƎƻƭŘ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƴŜƳŀǘƻŘŜ 

ǇƻǇǳƭŀǝƻƴ ǎƘƻǿƛƴƎ ƎƻƻŘ ƻǊ ŜȄŎŜƭƭŜƴǘ ƘƻǎǝƴƎ ŀōƛƭƛǝŜǎΦ ¢ƘŜǎŜ ŜƴǘǊƛŜǎ ƴŜŜŘ ǘƻ ōŜ ǾŀƭƛŘŀǘŜŘ ōȅ ŎƻƴŘǳŎǝƴƎ 

ƳƻǊŜ ǘǊƛŀƭǎ ǘƻ ŎƻƴŬǊƳ ǘƘŜƛǊ ǊŜǎǇƻƴǎŜǎ ǘƻ tΦ ǇŜƴŜǘǊŀƴǎΦ ¢ƘŜ ǊŜǎƛǎǘŀƴŎŜ ƭŜǾŜƭΣ ƘƻǎǝƴƎ ŀōƛƭƛǘȅ ŀƴŘ ǇƻǇǳƭŀǝƻƴ 

ǊŜŘǳŎǝƻƴ ǊŀǝƴƎǎ ƻŦ ǘƘŜǎŜ ŎǊƻǇǎ ǿƛƭƭ ōŜ ǎǳƳƳŀǊƛȊŜŘ ŀƴŘ ƳŀŘŜ ŀǾŀƛƭŀōƭŜ ǘƻ ƎǊƻǿŜǊǎΦ ¢Ƙƛǎ ƛƴŦƻǊƳŀǝƻƴ ƛǎ 

ƛƳǇƻǊǘŀƴǘ ǘƻ ƘŜƭǇ ƎǊƻǿŜǊǎ ǎŜƭŜŎǘ ǊŜǎƛǎǘŀƴǘ ǇƻǘŀǘƻŜǎ ŀƴŘ ōŜǧŜǊ ŎƻǾŜǊ ŎǊƻǇǎ ŦƻǊ ǘƘŜƛǊ ƛƴŦŜǎǘŜŘ ŬŜƭŘǎ ǘƻ 

ŎƻƴǘǊƻƭ ǘƘŜ ƴŜƳŀǘƻŘŜ ŘƛǎŜŀǎŜ ǘƻ ƛƴŎǊŜŀǎŜ Ǉƻǘŀǘƻ ǘǳōŜǊ ȅƛŜƭŘΦ 

 

wƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜǎ όtǊŀǘȅƭŜƴŎƘǳǎ ǎǇǇΦύ ŀǊŜ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ƴŜƳŀǘƻŘŜ ǇŜǎǘǎ ƻŦ ǇƻǘŀǘƻΦ 

{ŜǾŜǊŀƭ ǎǇŜŎƛŜǎ ƛƴ ǘƘƛǎ ƎǊƻǳǇ ŀǊŜ ŘŜǘǊƛƳŜƴǘŀƭ ǘƻ Ǉƻǘŀǘƻ όaŀƘǊŀƴ Ŝǘ ŀƭΦ нлмлύΦ !ƳƻƴƎ ǘƘŜ ǎǇŜŎƛŜǎΣ tΦ 

ǇŜƴŜǘǊŀƴǎ ƛǎ ǘƘŜ Ƴƻǎǘ ŜŎƻƴƻƳƛŎŀƭƭȅ ŘŀƳŀƎƛƴƎ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ ǎǇŜŎƛŜǎ ό²ŀŜȅŜƴōŜǊƎŜ Ŝǘ ŀƭΦ нллфΣ 

bŜǳǇŀƴŜ ŀƴŘ ¸ŀƴ нлноύΦ ¢ƘŜ ȅƛŜƭŘ ƻŦ ǇƻǘŀǘƻŜǎ ǿŀǎ ǊŜŘǳŎŜŘ ōȅ рл҈ ƛƴ ŀƴ ŀũŜŎǘŜŘ ŬŜƭŘ ƛƴ bƻǊǿŀȅΦ tƻǘŀǘƻ 

Ǉƭŀƴǘ ƎǊƻǿǘƘ ǿŀǎ ƴŜƎŀǝǾŜƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ŘŜƴǎƛǝŜǎ ƻŦ tΦ ǇŜƴŜǘǊŀƴǎ ŀƴŘ ǘƘŜ ŘŀƳŀƎŜ ǘƘǊŜǎƘƻƭŘ ǿŀǎ 

ǎǳƎƎŜǎǘŜŘ ŀǘ млл ƴŜƳŀǘƻŘŜǎ ǇŜǊ нрл Ǝ ƻŦ ǎƻƛƭ όIƻƭƎŀŘƻ Ŝǘ ŀƭΦ нллфύΦ Lƴ ¦{! ŀƴŘ /ŀƴŀŘŀΣ tΦ ǇŜƴŜǘǊŀƴǎ 

ŎŀǳǎŜǎ ŜŎƻƴƻƳƛŎ ƭƻǎǎŜǎ ƻƴ Ǉƻǘŀǘƻ ǿƘŜƴ ŀŎǝƴƎ ŀƭƻƴŜΣ ōǳǘ ŜǾŜƴ ƳƻǊŜ ǎŜǾŜǊŜ ƭƻǎǎŜǎ ōȅ ƛƴǘŜǊŀŎǝƴƎ ǿƛǘƘ 

±ŜǊǝŎƛƭƭƛǳƳ ǿƛƭǘ ŦǳƴƎƛΣ ŎŀǳǎƛƴƎ ǘƘŜ tƻǘŀǘƻ 9ŀǊƭȅ 5ƛŜ ŘƛǎŜŀǎŜ ŎƻƳǇƭŜȄΦ ¢Ƙƛǎ ŘƛǎŜŀǎŜ ŎƻƳǇƭŜȄ ŎŀǳǎŜǎ 

ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƛƴ ǘǳōŜǊ ǎƛȊŜ ŀƴŘ ǘƻǘŀƭ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ƛǎ ŀ ƭƛƳƛǝƴƎ ŦŀŎǘƻǊ ƛƴ Ǉƻǘŀǘƻ 

ǇǊƻŘǳŎǝƻƴ όaŀƘǊŀƴ Ŝǘ ŀƭΦ нлмлύΦ aƻǊŜ ǘƘŀƴ прл Ǉƭŀƴǘ ǎǇŜŎƛŜǎ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƻ ōŜ Ƙƻǎǘ ǘƻ tΦ 

ǇŜƴŜǘǊŀƴǎΦ tΦ ǇŜƴŜǘǊŀƴǎ ŀǊŜ ŘƛǎǘǊƛōǳǘŜŘ Ǝƭƻōŀƭƭȅ ƛƴŦŜŎǝƴƎ Ǉƻǘŀǘƻ ƛƴ !ǎƛŀ όYƘŀƴ ŀƴŘ Iǳǎǎŀƛƴ нллпύΤ 9ǳǊƻǇŜ 

όtƘƛƭƛǎ мффрΤ 9ǎǘŜǾŜǎ Ŝǘ ŀƭΦΣ нлмрύΤ !ǳǎǘǊŀƭƛŀ όIŀǊŘƛƴƎ ŀƴŘ ²ƛŎƪǎ нллтύΤ ŀƴŘ bƻǊǘƘ !ƳŜǊƛŎŀ ό5ƛŎƪŜǊǎƻƴ Ŝǘ 

ŀƭΦ мфспΤ .Ǌƻǿƴ Ŝǘ ŀƭΦ мфулΤ hƭǘƘƻŦ Ŝǘ ŀƭΦ мфунΤ aŀŎDǳƛŘǿƛƴ ŀƴŘ wƻǳǎŜ мффлΤ .ŀƛŘƻƻ Ŝǘ ŀƭΦ нлмтύΦ ¢ƘŜ 

ōǊƻŀŘ Ƙƻǎǘ ǊŀƴƎŜ ƻōǎŜǊǾŜŘ ƛƴ ƴǳƳŜǊƻǳǎ ŎƻƳƳŜǊŎƛŀƭƭȅ ŎǳƭǝǾŀǘŜŘ ŎǊƻǇǎ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ǊŀǇƛŘ ǊŜǇǊƻŘǳŎǝƻƴ 

ƻŦ tΦ ǇŜƴŜǘǊŀƴǎΣ ǇƻǎƛƴƎ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƭƭŜƴƎŜ ǘƻ ǘƘŜƛǊ ŜũŜŎǝǾŜ ƳŀƴŀƎŜƳŜƴǘ ό¢ƻǿƴǎƘŜƴŘ мфупΤ 5ŀǾƛǎ 

ŀƴŘ !ƴƴ нлллύΦ 

 

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 on human health, the 

environment, and long-term soil viability. In addition to being expensive, this technique is also 

detrimental to other beneficial organisms (Dyrdahl-Young et al. 2020). Several fumigants have 

been discontinued in many countries globally. Some of the resistant potato cultivars used in the 

past are no longer commercially grown, and currently, there is little or no available update on 
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resistant cultivars against P. penetrans (Orlando et al. 2020). Cultural practices such as crop 

rotation, organic amendments, cover crops, biofumigation, and eliminating weeds during harvest 

and the off-season can play a crucial role in controlling root-lesion nematodes in potato fields 

(Castillo and Vovlas 2007). 

 
/ƻǾŜǊ ŎǊƻǇǇƛƴƎ Ƙŀǎ ǇƻǘŜƴǝŀƭ ǘƻ ŎƻƴǘǊƻƭ ǇƭŀƴǘπǇŀǊŀǎƛǝŎ ƴŜƳŀǘƻŘŜǎΣ ŀƴŘ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƴƻǘ ǘƻȄƛŎ ǘƻ 

ōŜƴŜŬŎƛŀƭ ƻǊƎŀƴƛǎƳǎ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ŎǊƻǇǎ όaŎYŜƻǿƴ ŀƴŘ tƻǧŜǊ нллмύΦ tƻǘŜƴǝŀƭ ŀŘǾŀƴǘŀƎŜǎ ƻŦ ŎƻǾŜǊ 

ŎǊƻǇǎ ƛƴŎƭǳŘŜ ƛƳǇǊƻǾŜŘ ǎƻƛƭ ƘŜŀƭǘƘΣ ǊŜŘǳŎŜŘ ǿŜŜŘ ƎǊƻǿǘƘΣ ǊŜŘǳŎŜŘ ǎƻƛƭ ŜǊƻǎƛƻƴΣ ƛƴŎǊŜŀǎŜŘ ǎƻƛƭ ƻǊƎŀƴƛŎ 

ƳŀǧŜǊ ǎǘǊǳŎǘǳǊŜΣ ŜƴƘŀƴŎŜŘ ƴǳǘǊƛŜƴǘ ŎƻƴǘǊƻƭ ŀƴŘ ŎȅŎƭƛƴƎΣ ǇǊƻƳƻǝƻƴ ƻŦ ōŜƴŜŬŎƛŀƭ ǎƻƛƭ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎΣ 

ŀƴŘ ǇŜǎǘ ŀƴŘ ǇŀǘƘƻƎŜƴ ŎƻƴǘǊƻƭΦ IƻǿŜǾŜǊΣ ǎƻƳŜ ŎƻǾŜǊ ŎǊƻǇǎ Ŏŀƴ ōŜ ŜȄŎŜƭƭŜƴǘ Ƙƻǎǘǎ ǘƻ ǊƻƻǘπƭŜǎƛƻƴ 

ƴŜƳŀǘƻŘŜǎΣ ǿƘƛƭŜ ƻǘƘŜǊǎ Ŏŀƴ ǊŜŘǳŎŜ ƴŜƳŀǘƻŘŜ ǊŜǇǊƻŘǳŎǝƻƴ όbŜǳǇŀƴŜ ŀƴŘ ¸ŀƴ нлноύΦ 

 

 ¢ƘŜ ƻōƧŜŎǝǾŜǎ ŦƻǊ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿŜǊŜ мύ ǘƻ ŜǾŀƭǳŀǘŜ ǎŜǾŜƴ ŀŘŘƛǝƻƴŀƭ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ ŦƻǊ ǘƘŜƛǊ 

ǊŜǎƛǎǘŀƴŎŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ tΦ ǇŜƴŜǘǊŀƴǎ ŀƴŘ нύ ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ƘƻǎǝƴƎ ŀƴŘ 

ǇƻǇǳƭŀǝƻƴ ǊŜŘǳŎǝƻƴ ŀōƛƭƛǝŜǎ ƻŦ ǘŜƴ ŜƴǘǊƛŜǎ ƻŦ ŎƻǾŜǊ ŎǊƻǇǎ ŀƴŘ ŎƻƴǘǊƻƭǎ ǘƻ ƛŘŜƴǝŦȅ ŜũŜŎǝǾŜ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ 

ƳŀƴŀƎƛƴƎ tΦ ǇŜƴŜǘǊŀƴǎ ƛƴ Ǉƻǘŀǘƻ ŬŜƭŘǎΦ  

 

aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

 

{ŜƭŜŎǝƻƴ ƻŦ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ ŀƴŘ ŎƻǾŜǊ ŎǊƻǇǎ 

Nine cultivars of potato used in the region were included in the greenhouse experiments 

under controlled 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 shown to facilitate good root-

lesion nematode reproduction, so was included as the positive control, and unplanted infested soil 

was a negative control. However, Manistee potato did 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 to the P. penetrans in 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 alba (IdaGold) and Brassica juncea (Pacific 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 infested soil treatment was also included as a negative control. The 

cover crop seeds were acquired from Allied Seed (Nampa, ID), National Small Grains Collection 

(Aberdeen, ID), Gilleshammer-Thiele Farms Inc. (St. Thomas, ND), Great Northern AG (Plaza, 

ND), and Pulse USA (Bismarck, ND). The mustard seeds and seed meals were acquired from Farm 

Fuel Inc. (Freedom, CA). Each experimental treatment was replicated five times and results of all 

replications were averaged for data analysis.  
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LƴƻŎǳƭǳƳ ǇǊŜǇŀǊŀǝƻƴ ŀƴŘ ƎǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘǎ  

 

/ǳƭǝǾŀǊ ŜȄǇŜǊƛƳŜƴǘΥ 

Root-lesion nematodes, Pratylenchus penetrans, were 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 into 2-3 seed pieces and allowed to sprout in a brown paper bag in 

a climate-controlled room at 10oC 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 ensure even nematode distribution of approximately 700 root-lesion 

nematodes per 1.5 kg pot. Each potato seed piece was planted by placing them 1ò below the soil 

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.  
 

/ƻǾŜǊ ŎǊƻǇ ŜȄǇŜǊƛƳŜƴǘΥ  

Root-lesion nematode, Pratylenchus penetrans collected 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 before planting. The sprouted tubers were cut into 2-3 pieces and a single piece 

of sprouted potato tuber was planted in a plastic pot (20 cm × 15 cm, 1.5 kg soil capacity) 

containing naturally infested soil and grown in greenhouse conditions (16 hours of daylight and 

an average temperature of 22oC). 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 extract nematodes 

using the sugar centrifugal floatation method (Jenkins 1964). Nematodes were then identified and 

quantified under an inverted light microscope (Zeiss Axiovert 25, Carl Zeiss 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 soil 

were then taken to determine the initial nematode population for the experiment using the same 

extraction described above. The initial nematode contains a mixed population of P. penetrans, 

including all stages of juveniles and adults. 

 
¢Ƙƛǎ ǘǊƛŀƭ ǿŀǎ ǎŜǘ ǳǇ ƛƴ hŎǘƻōŜǊ нлно ǿƛǘƘ ŀƴ ƛƴƛǝŀƭ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ƻŦ сут tΦ ǇŜƴŜǘǊŀƴǎ ǇŜǊ 

ƪƎ ƻŦ ǎƻƛƭΦ !ƭƭ ǘǊŜŀǘƳŜƴǘǎ ƘŀǾŜ ŬǾŜ ǊŜǇƭƛŎŀǘŜǎ ŀƴŘ ŎƻǾŜǊ ŎǊƻǇ ǎŜŜŘ ǿŀǎ ǇƭŀƴǘŜŘ ōȅ ŘƛǊŜŎǘƭȅ ǇƭŀŎƛƴƎ ǘƘŜƳ ŀǘ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ мέ ōŜƭƻǿ ǘƘŜ ǎƻƛƭΦ ¢ƘŜ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ ό/ŀǎǘƭŜ ǊǳǎǎŜǘ ŀƴŘ wŜŘ bƻǊƭŀƴŘύ ǿŜǊŜ ǇǊŜπǎǇǊƻǳǘŜŘ 

ōŜŦƻǊŜ ǇƭŀƴǝƴƎΦ ¢ƘŜ ǎŜŜŘ ƳŜŀƭǎ ǿŜǊŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ōȅ ŜǾŜƴƭȅ ƳƛȄƛƴƎ ǘƘŜƳ ƛƴǘƻ мΦр ƪƎ ƻŦ ƛƴŦŜǎǘŜŘ ǎƻƛƭ ǇŜǊ 

Ǉƻǘ ŀǘ м҈ όǿŜƛƎƘǘκǿŜƛƎƘǘύΣ ŜǉǳƛǾŀƭŜƴǘ ǘƻ мр Ǝ ƻŦ ǎŜŜŘ ƳŜŀƭ ǇŜǊ мΦр ƪƎ ƻŦ ƛƴŦŜǎǘŜŘ ǎƻƛƭΦ ¢ƘŜ ŜƳŜǊƎƛƴƎ 

ǎŜŜŘƭƛƴƎǎ ǿŜǊŜ ǘƘƛƴƴŜŘ ǘƻ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƴǳƳōŜǊ ƻŦ Ǉƭŀƴǘǎ ǇŜǊ Ǉƻǘ ό¢ŀōƭŜ нύ ŀƊŜǊ ǘƘŜƛǊ ŜǎǘŀōƭƛǎƘƳŜƴǘ 

ŀƴŘ ǘƘŜ ƘŜŀƭǘƘƛŜǎǘ ƻǊ ōŜǎǘ Ǉƭŀƴǘǎ ǿŜǊŜ ƪŜǇǘ ƛƴ ǘƘŜ ǇƻǘǎΦ  

 

Both experiments were conducted in the Agriculture Experiment Station, NDSU 

greenhouse, in controlled conditions (16 hours of daylight and an average of 22oC) for 12 

weeks. The plants were watered daily and maintained during the growing period (Figure 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 at 4oC in separate individual plastic bags until they 

were processed. 

 

Processing of harvested soil samples and identification and quantification of nematodes from 

soil and roots 

 

Nematodes were extracted from a 250 g soil sub-samples 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 (Whitehead and Hemming 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 P. 

penetrans in 1.5 kg of soil. The nematodes from the roots 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 

 
¢ƘŜ ǊŜǇǊƻŘǳŎǝǾŜ ŦŀŎǘƻǊ όwŦύ ŦƻǊ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ όŎǊƻǇ ŎǳƭǝǾŀǊύ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŘƛǾƛŘƛƴƎ ǘƘŜ Ŭƴŀƭ 

ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƻƴ ǘƘŜ ǘŜǎǘŜŘ ŎǊƻǇ όƴŜƳŀǘƻŘŜǎ ŦǊƻƳ ǎƻƛƭ ŀƴŘ Ǌƻƻǘǎύ ōȅ ǘƘŜ ƛƴƛǝŀƭ ǇƻǇǳƭŀǝƻƴ 

ŘŜƴǎƛǘȅ ŀƊŜǊ ǘƘŜ ǘǊƛŀƭ ŀƊŜǊ ǘŜǊƳƛƴŀǝƻƴΦ wŜǎƛǎǘŀƴŎŜ ǊŀǝƴƎ ǿŀǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎŀǘŜƎƻǊƛȊŀǝƻƴ ǊŜƭŀǝǾŜ Ǌŀǝƻ 

ǾŀƭǳŜǎ ƛƴǘƻ ŦƻǳǊ ŎƭŀǎǎŜǎΥ w Ґ wŜǎƛǎǘŀƴǘ όғнр҈ ƻŦ ǎǳǎŎŜǇǝōƭŜ ŎƻƴǘǊƻƭύΣ aw Ґ aƻŘŜǊŀǘŜƭȅ wŜǎƛǎǘŀƴǘ όнс҈πрл҈ύ 

a{ Ґ aƻŘŜǊŀǘŜƭȅ {ǳǎŎŜǇǝōƭŜ όрм҈πтр҈ύΣ { Ґ {ǳǎŎŜǇǝōƭŜ όҔтр҈ύ ό{ƳƛƭŜȅ Ŝǘ ŀƭΦ нлмпύΦ 

 

5ŀǘŀ ŀƴŀƭȅǎƛǎ 

 

¢ƘŜ ŀǾŜǊŀƎŜ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǝŜǎΣ ǊŜǇǊƻŘǳŎǝƻƴ ŦŀŎǘƻǊǎ όwŦύΣ ŀƴŘ ƴŜƳŀǘƻŘŜǎ ǇŜǊ ƎǊŀƳ ƻŦ Ǌƻƻǘ 

όbtDύ ƻŦ ƴŜƳŀǘƻŘŜǎ ƛƴ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ǳǎƛƴƎ ǘƘŜ {!{ ǎƻƊǿŀǊŜ ό{!{ фΦпΣ {!{ LƴǎǝǘǳǘŜ LƴŎΦ 

/ŀǊȅΣ b/ύΦ ¢ƘŜ ŀǾŜǊŀƎŜ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀŘŘƛƴƎ ǘƘŜ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŦǊƻƳ 

ǘƘŜ ǎƻƛƭ ŀƴŘ Ǌƻƻǘǎ ŦǊƻƳ ŜŀŎƘ ǇƻǘΦ bŜƳŀǘƻŘŜǎ ǇŜǊ ƎǊŀƳ ƻŦ Ǌƻƻǘǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŘƛǾƛŘƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ƴŜƳŀǘƻŘŜǎ ŦǊƻƳ Ǌƻƻǘǎ ōȅ ǘƘŜ ƎǊŀƳǎ ƻŦ ǊƻƻǘǎΦ ¢ƘŜ ƎŜƴŜǊŀƭ ƭƛƴŜŀǊ ƳƻŘŜƭ όD[aύ ǿƛǘƘ ¢ǳƪŜȅΩǎ ƘƻƴŜǎǘƭȅ 

ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜ όI{5ύ ƳŜŀƴ ǎŜǇŀǊŀǝƻƴ ŀǘ ŀ ǎƛƎƴƛŬŎŀƴŎŜ ƭŜǾŜƭ ƻŦ р҈ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ 

ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ǾŀƭǳŜǎ ƻŦ Ŭƴŀƭ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǝŜǎ ŦƻǊ ǘƘŜ ǘŜǎǘŜŘ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ 

όt ғ лΦлрύΦ 

 

wŜǎǳƭǘǎ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴ 

 

¢ƘŜ ŎǳƭǝǾŀǊ wŜŘ bƻǊƭŀƴŘΣ ǘƘŜ ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭΣ ƘŀŘ ǘƘŜ ƎǊŜŀǘŜǎǘ ŀƳƻǳƴǘ ƻŦ ƴŜƳŀǘƻŘŜ 

ǊŜǇǊƻŘǳŎǝƻƴ όwŦ Ґ тΦнрύΣ ǿƛǘƘ /ŀǊƛōƻǳ wǳǎǎŜǘ όтΦнύΣ aƻŘƻŎ όрΦсύΣ aǳǎƛŎŀ όпΦфтύΣ ŀƴŘ IŀƳƭƛƴ όпΦсмύ ƴƻǘ 
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ōŜƛƴƎ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ ŦǊƻƳ ǘƘŜ ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭΦ /ƻƭǳƳōŀ όпΦннύΣ 5ŀƪƻǘŀ tŜŀǊƭ όпΦмуύΣ ¢Ŝǘƻƴ wǳǎǎŜǘ 

όоΦтмύΣ ŀƴŘ !Ǝŀǘŀ όоΦптύ ƘŀŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ƭŜǎǎ ǊŜǇǊƻŘǳŎǝƻƴ ǘƘŀƴ ǘƘŜ ǇƻǎƛǝǾŜ ŎƻƴǘǊƻƭ όCƛƎǳǊŜ мΣ t ғ лΦлрύΦ 

¢ƘǊŜŜ ŎǳƭǝǾŀǊǎ όwŜŘ bƻǊƭŀƴŘΣ /ŀǊƛōƻǳ wǳǎǎŜǘΣ aƻŘƻŎύ ƳŜǘ ǘƘŜ ŎǊƛǘŜǊƛŀ ǘƻ ōŜ ŎƭŀǎǎƛŬŜŘ ŀǎ ǎǳǎŎŜǇǝōƭŜ Ƙƻǎǘ 

ǿƛǘƘ ƴŜƳŀǘƻŘŜ ǊŜǇǊƻŘǳŎǝƻƴ ōŜƛƴƎ ƎǊŜŀǘŜǊ ǘƘŀƴ тр҈ ƻŦ ǘƘŜ ǎǳǎŎŜǇǝōƭŜ ŎƻƴǘǊƻƭΦ CƛǾŜ ŎǳƭǝǾŀǊǎ όIŀƳƭƛƴΣ 

¢Ŝǘƻƴ wǳǎǎŜǘΣ /ƻƭǳƳōŀΣ aǳǎƛŎŀΣ ŀƴŘ 5ŀƪƻǘŀ tŜŀǊƭ ǿŜǊŜ ŎƭŀǎǎƛŬŜŘ ŀǎ ƳƻŘŜǊŀǘŜƭȅ ǎǳǎŎŜǇǝōƭŜ ǿƛǘƘ 

ƴŜƳŀǘƻŘŜ ǊŜǇǊƻŘǳŎǝƻƴ ōŜǘǿŜŜƴ рлπтр҈ ƻŦ ǘƘŜ ǎǳǎŎŜǇǝōƭŜ ŎƻƴǘǊƻƭΦ hƴƭȅ ƻƴŜ ŎǳƭǝǾŀǊ ό!Ǝŀǘŀύ ǿŀǎ 

ŎƭŀǎǎƛŬŜŘ ŀǎ ƳƻŘŜǊŀǘŜƭȅ ǊŜǎƛǎǘŀƴǘ ǿƛǘƘ ƴŜƳŀǘƻŘŜ ǊŜǇǊƻŘǳŎǝƻƴ ōŜǘǿŜŜƴ нр҈πрл҈ ƻŦ ǘƘŜ ǎǳǎŎŜǇǝōƭŜ 

ŎƻƴǘǊƻƭ ό¢ŀōƭŜ мύΦ  

 

²ƘƛƭŜ ƛƴ Ƴƻǎǘ ŎŀǎŜǎΣ ǘƘŜ ƳƻǊŜ ǘƻǘŀƭ ƴŜƳŀǘƻŘŜǎ ƛƴ ǘƘŜ Ǉƻǘǎ ǿŜǊŜ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ƴŜƳŀǘƻŘŜǎ 

ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ Ǌƻƻǘǎ ŀǘ ǘƘŜ ǝƳŜ ƻŦ ƘŀǊǾŜǎǘΣ ǘƘŜǊŜ ŀǊŜ ŀ ŦŜǿ ƴƻǘŀōƭŜ ŜȄŎŜǇǝƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ŜǾŜƴ ǘƘƻǳƎƘ 

¢Ŝǘƻƴ wǳǎǎŜǘ ƘŀŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŦŜǿŜǊ ƴŜƳŀǘƻŘŜǎ ƻǾŜǊŀƭƭΣ ǘƘŜǊŜ ǿŀǎ ŀ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ǘƘŜƳ 

ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǊƻƻǘǎΣ ǿƘƛŎƘ ŎƻǳƭŘ ƭŜŀŘ ǘƻ ƎǊŜŀǘŜǊ ŘŀƳŀƎŜ ǇƻǘŜƴǝŀƭ ŀǎ ƻƴƭȅ ƴŜƳŀǘƻŘŜǎ ŀŎǝǾŜƭȅ ŦŜŜŘƛƴƎ 

ƻƴ Ǌƻƻǘ ǝǎǎǳŜ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǎȅƳǇǘƻƳǎΦ  

 

The two alfalfa cultivars (Vernema and High five) tested in this trial both showed a poor 

hosting ability to P. penetrans with 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 to our previous trial, which was identified as a good host. Winter rye 

(Dacold) and Litchi tomato reduced the 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 IdaGold) and seed meals evaluated in this trial for their 

reaction to P. penetrans had a consistent result with our previous trial. The Pacific Gold and 

IdaGold maintained the initial population with a Rf 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 suppress the reproduction of P. penetrans. Several previous studies have demonstrated 

the hosting abilities of Pacific gold and IdaGold to P. penetrans. Rudolph et al. (2017) reported a 

multiplication of P. penetrans in Pacific Gold and IdaGold with Rf ranging between 1 to 3. 

Similarly, Belair et al., (2007) indicated an increase in P. penetrans in brown mustard (Brassica 

juncea), identifying it as an excellent host. Studies have also shown the efficacies of mustard seed 

meal in suppressing P. penetrans. Zasada et al., (2009) reported that glucosinolate compounds 

from Brassica juncea seed meal may be the key factor in nematode suppression. They further 

indicated that Sinapis alba seed meal influenced nematode suppression, achieving 93% 

suppression of P. penetrans. Globodera pallida exposed to Brassica. juncea seed meal extract at 

4.5 t/ha exhibited a 90% reduction in egg hatch compared to a non-amended control (Dandurand 

et al. 2017). Similarly, B. juncea inhibited nematodes without phytotoxicity at 90 or 120 g seed 

meal/L and showed potential for controlling root-knot nematode in bermudagrass (Handiseni et al. 

2017). The results of these previous studies were consistent with tested crops in our previous 

findings (trial) and this validation trial.   
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As expected, potato (Red Norland) increased the initial nematode population by almost 

90%, consistently showing its potential susceptibility to P. penetrans. Potato (Castle Russet) 

showed a poor hosting ability to P. penetrans (Rf=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 unplanted (fallow) infested soil (Table 3).  

 
/ƻƴŎƭǳǎƛƻƴǎ 

 ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǇƻǘŜƴǝŀƭ Ƙƻǎǘǎ ŦƻǊ ǘƘŜ ǊƻƻǘπƭŜǎƛƻƴ 

ƴŜƳŀǘƻŘŜΣ ŀƴŘ ƻƴƭȅ ǘƘŜ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊ !Ǝŀǘŀ ǎƘƻǿŜŘ ƳƻŘŜǊŀǘŜ ǊŜǎƛǎǘŀƴŎŜΦ !ƭǎƻ ǘƘŜǊŜ ƛǎ ƎǊŜŀǘ ǇƻǘŜƴǝŀƭ 

ŦƻǊ ŎƻǾŜǊ ŎǊƻǇǎ ǎǳŎƘ ŀǎ !ƭŦŀƭŦŀΣ ǿƛƴǘŜǊ ǊȅŜΣ ŀƴŘ ƭƛǘŎƘƛ ǘƻƳŀǘƻ ǘƻ ƳŀƴŀƎŜ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ 

ƛƴŦŜǎǘŀǝƻƴǎΦ [ŀǎǘƭȅΣ ǎŜŜŘ ƳŜŀƭǎ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǎƻƛƭ ŎƻǳƭŘ ōŜ ŀ ǇƻǘŜƴǝŀƭ ǘǊŜŀǘƳŜƴǘ ǘƻ ǊŜŘǳŎŜ Ǌƻƻǘπ

ƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ƭŜǾŜƭǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎǳǎŎŜǇǝōƭŜ Ǉƻǘŀǘƻ ŎƘŜŎƪΦ aƻǊŜ ǊŜǎŜŀǊŎƘ ƛǎ ǊŜǉǳƛǊŜŘ 

ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜǎŜ ŬƴŘƛƴƎǎΦ   

 

[ƛǘŜǊŀǘǳǊŜ ŎƛǘŜŘ  

 

.ŀƛŘƻƻΣ wΦΣ ¸ŀƴΣ DΦΣ bŀƎŀŎƘŀƴŘǊŀōƻǎŜΣ {ΦΣ ŀƴŘ {ƪŀƴǘŀǊΣ !Φ aΦ нлмтΦ 5ŜǾŜƭƻǇƛƴƎ ŀ ǊŜŀƭπǝƳŜ t/w ŀǎǎŀȅ ŦƻǊ 

ŘƛǊŜŎǘ ƛŘŜƴǝŬŎŀǝƻƴ ŀƴŘ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ƛƴ ǎƻƛƭΦ tƭŀƴǘ 5ƛǎŜŀǎŜ млмΥмпонςмппмΦ 

 

.ŞƭŀƛǊΣ DΦΣ 5ŀǳǇƘƛƴŀƛǎΣ bΦΣ .ŜƴƻƛǘΣ 5Φ [ΦΣ ŀƴŘ CƻǳǊƴƛŜǊΣ ¸Φ нллтΦ wŜǇǊƻŘǳŎǝƻƴ ƻŦ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ƻƴ 

нп ŎƻƳƳƻƴ ²ŜŜŘǎ ƛƴ tƻǘŀǘƻ CƛŜƭŘǎ ƛƴ vǳŞōŜŎΦ WƻǳǊƴŀƭ ƻŦ ƴŜƳŀǘƻƭƻƎȅ офΥонмςонсΦ 

 

.ŜǊƴŀǊŘΣ 9Φ DΦΣ ŀƴŘ [ŀǳƎƘƭƛƴΣ /Φ ²ΦΣ мфтсΦ wŜƭŀǝǾŜ ǎǳǎŎŜǇǝōƛƭƛǘȅ ƻŦ ǎŜƭŜŎǘŜŘ ŎǳƭǝǾŀǊǎ ƻŦ Ǉƻǘŀǘƻ 

ǘƻ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎΦ WƻǳǊƴŀƭ ƻŦ bŜƳŀǘƻƭƻƎȅ уΥнофςнпнΦ 

 

.ǊƻǿƴΣ aΦ WΦΣ wƛŜŘŜƭΣ wΦ aΦΣ ŀƴŘ wƻǿŜΣ wΦ /Φ мфулΦ {ǇŜŎƛŜǎ ƻŦ tǊŀǘȅƭŜƴŎƘǳǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ {ƻƭŀƴǳƳ 

ǘǳōŜǊƻǎǳƳ ŎǾΦ {ǳǇŜǊƛƻǊ ƛƴ hƘƛƻΦ WƻǳǊƴŀƭ ƻŦ bŜƳŀǘƻƭƻƎȅ мнΥмуфςмфнΦ 

 

/ŀǎǝƭƭƻΣ tΦ ŀƴŘ ±ƻǾƭŀǎΣ bΦ нллтΦ tǊŀǘȅƭŜƴŎƘǳǎ όbŜƳŀǘƻŘŀΥ tǊŀǘȅƭŜƴŎƘƛŘŀŜύΥ 5ƛŀƎƴƻǎƛǎΣ .ƛƻƭƻƎȅΣ 

tŀǘƘƻƎŜƴƛŎƛǘȅ ŀƴŘ aŀƴŀƎŜƳŜƴǘΦ tŀƎŜǎ мπрол ƛƴΥ bŜƳŀǘƻƭƻƎȅ aƻƴƻƎǊŀǇƘǎ ŀƴŘ tŜǊǎǇŜŎǝǾŜǎΦ ±ƻƭΦ сΦ 5Φ WΦ 

Iǳƴǘ ŀƴŘ wΦ bΦ tŜǊǊȅΣ ŜŘǎΦ .ǊƛƭƭΣ [ŜƛŘŜƴΦ 
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5ŀƴŘǳǊŀƴŘΣ [Φ aΦΣ aƻǊǊŀΣ aΦ WΦΣ ½ŀǎŀŘŀΣ LΦ !ΦΣ tƘƛƭƭƛǇǎΣ ²Φ {ΦΣ tƻǇƻǾŀΣ LΦΣ ŀƴŘ IŀǊŘŜǊΣ /Φ нлмтΦ /ƻƴǘǊƻƭ 

ƻŦ DƭƻōƻŘŜǊŀ ǎǇǇΦ ǳǎƛƴƎ .ǊŀǎǎƛŎŀ ƧǳƴŎŜŀ ǎŜŜŘ ƳŜŀƭ ŀƴŘ ǎŜŜŘ ƳŜŀƭ ŜȄǘǊŀŎǘΦ WƻǳǊƴŀƭ ƻŦ bŜƳŀǘƻƭƻƎȅ пфΥпотπ

ппрΦ 

 

5ŀǾƛǎΣ 9Φ [Φ ŀƴŘ !ƴƴΣ 9Φ aΦ нлллΦ [Ŝǎƛƻƴ ƴŜƳŀǘƻŘŜ ŘƛǎŜŀǎŜΦ ¢ƘŜ tƭŀƴǘ IŜŀƭǘƘ LƴǎǘǊǳŎǘƻǊΦ 5hLΥ млΦмлфпκtILπ

LπнлллπмлолπлнΦ 

 

5ƛŎƪŜǊǎƻƴΣ hΦ WΦΣ 5ŀǊƭƛƴƎΣ IΦ aΦΣ ŀƴŘ DǊƛŶƴΣ DΦ 5Φ мфспΦ tŀǘƘƻƎŜƴƛŎƛǘȅ ŀƴŘ ǇƻǇǳƭŀǝƻƴ ǘǊŜƴŘǎ ƻŦ tǊŀǘȅƭŜƴŎƘǳǎ 

ǇŜƴŜǘǊŀƴǎ ƻƴ Ǉƻǘŀǘƻ ŀƴŘ ŎƻǊƴΦ tƘȅǘƻǇŀǘƘƻƭƻƎȅ рпΥомтπоннΦ 

 

5ȅǊŘŀƘƭπ̧ƻǳƴƎΣ wΦΣ /ƻƭŜΣ 9ΦΣ ¢ƻǊƴŜƭΣ aΦ vΦΣ ²ŜƭŘƻƴΣ wΦΣ ŀƴŘ 5ƛDŜƴƴŀǊƻΣ tΦ нлнлΦ 9ŎƻƴƻƳƛŎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ 

ƴŜƳŀǘƻŘŜ ōƛƻƭƻƎƛŎŀƭ ŎƻƴǘǊƻƭ ŀƎŜƴǘǎ ƛƴ ŀ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴ ƳƻŘŜƭΦ bŜƳŀǘƻƭƻƎȅ ннΥттмπттфΦ  

 

9ǎǘŜǾŜǎΣ LΦΣ aŀƭŜƛǘŀΣ /ΦΣ ŀƴŘ !ōǊŀƴǘŜǎΣ LΦ нлмрΦ wƻƻǘπƭŜǎƛƻƴ ŀƴŘ Ǌƻƻǘπƪƴƻǘ ƴŜƳŀǘƻŘŜǎ ǇŀǊŀǎƛǝȊƛƴƎ ǇƻǘŀǘƻΦ 

9ǳǊƻǇŜŀƴ WƻǳǊƴŀƭ ƻŦ tƭŀƴǘ tŀǘƘƻƭƻƎȅ мпмΥофтςплсΦ 

 

IŀƴŘƛǎŜƴƛΣ aΦΣ /ǊƻƳǿŜƭƭΣ ²ΦΣ ½ƛŘŜƪΣ aΦΣ ½ƘƻǳΣ ·Φ DΦΣ ŀƴŘ WƻΣ ¸ΦπYΦ WΦ нлмтΦ ¦ǎŜ ƻŦ .ǊŀǎǎƛŎŀŎŜŀŜ ǎŜŜŘ ƳŜŀƭ 

ŜȄǘǊŀŎǘǎ ŦƻǊ ƳŀƴŀƎƛƴƎ Ǌƻƻǘπƪƴƻǘ ƴŜƳŀǘƻŘŜ ƛƴ ōŜǊƳǳŘŀƎǊŀǎǎΦ bŜƳŀǘǊƻǇƛŎŀ птΥррπснΦ 

 

IƻƭƎŀŘƻΣ wΦΣ {ƪŀǳΣ YΦ hΦΣ ŀƴŘ aŀƎƴǳǎǎƻƴΣ /Φ нллфΦ CƛŜƭŘ ŘŀƳŀƎŜ ƛƴ Ǉƻǘŀǘƻ ōȅ ƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ 

tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎΣ ƛǘǎ ŀǎǎƻŎƛŀǝƻƴ ǿƛǘƘ ǘǳōŜǊ ǎȅƳǇǘƻƳǎ ŀƴŘ ƛǘǎ ǎǳǊǾƛǾŀƭ ƛƴ ǎǘƻǊŀƎŜΦ bŜƳŀǘƻƭƻƎƛŀ 

aŜŘƛǘŜǊǊŀƴŜŀ отΥнрςнфΦ 

 

WŜƴƪƛƴǎΣ ²Φ wΦ мфспΦ ! ǊŀǇƛŘ ŎŜƴǘǊƛŦǳƎŀƭπƅƻǘŀǝƻƴ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ǎŜǇŀǊŀǝƴƎ ƴŜƳŀǘƻŘŜǎ ŦǊƻƳ ǎƻƛƭΦ tƭŀƴǘ 5ƛǎΦ 

wŜǇΦ пуΥсфнΦ 

 

YƘŀƴΣ aΦ vΦ ŀƴŘ IǳǎǎŀƛƴΣ !Φ нллпΦ tƭŀƴǘ ǇŀǊŀǎƛǝŎ ƴŜƳŀǘƻŘŜǎ ƛƴ ǎŜŜŘ Ǉƻǘŀǘƻ ŎǊƻǇ ƻŦ ƴƻǊǘƘŜǊƴ ŀǊŜŀǎ ƻŦ 

tŀƪƛǎǘŀƴΦ LƴǘŜǊƴŀǝƻƴŀƭ WƻǳǊƴŀƭ ƻŦ .ƛƻƭƻƎȅ ŀƴŘ .ƛƻǘŜŎƘƴƻƭƻƎȅ мΥ осрςостΦ 

 

aŀŎDǳƛŘǿƛƴΣ !Φ 9Φ ŀƴŘ wƻǳǎŜΣ 5Φ мффлΦ wƻƭŜ ƻŦ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ƛƴ ǘƘŜ Ǉƻǘŀǘƻ ŜŀǊƭȅ ŘȅƛƴƎ ŘƛǎŜŀǎŜ 

ƻŦ wǳǎǎŜǘ .ǳǊōŀƴƪ ǇƻǘŀǘƻΦ tƘȅǘƻǇŀǘƘƻƭƻƎȅ улΥмлттςмлунΦ 

 



но 
 

aŎYŜƻǿƴΣ !Φ ²ΦΣ ŀƴŘ tƻǧŜǊΣ WΦ ²Φ нллмΦ ¸ƛŜƭŘ ƻŦ ά{ǳǇŜǊƛƻǊέ ǇƻǘŀǘƻŜǎ ό{ƻƭŀƴǳƳ ǘǳōŜǊƻǎǳƳύ ŀƴŘ ŘȅƴŀƳƛŎǎ 

ƻŦ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ όtǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎύ ǇƻǇǳƭŀǝƻƴǎ ŦƻƭƭƻǿƛƴƎ άƴŜƳŀǘƻŘŜ ǎǳǇǇǊŜǎǎƛǾŜέ ŎƻǾŜǊ 

ŎǊƻǇǎ ŀƴŘ ŦǳƳƛƎŀǝƻƴΦ tƘȅǘƻǇǊƻǘŜŎǝƻƴ унΥмоςно 

 

bŜǳǇŀƴŜ YΦ ŀƴŘ ¸ŀƴΣ DΦ нлноΦ Iƻǎǘ ǎǳƛǘŀōƛƭƛǘȅ ƻŦ ŎƻǾŜǊ ŎǊƻǇǎ ǘƻ ǘƘŜ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜ tǊŀǘȅƭŜƴŎƘǳǎ 

ǇŜƴŜǘǊŀƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇƻǘŀǘƻΦ tƭŀƴǘ 5ƛǎŜŀǎŜ млтΥнлфсπнмлоΦ  

 

hƭǘƘƻŦΣ ¢Φ IΦ !ΦΣ !ƴŘŜǊǎƻƴΣ wΦ±Φ ŀƴŘ {ǉǳƛǊŜΣ {Φ мфунΦ tƭŀƴǘπǇŀǊŀǎƛǝŎ ƴŜƳŀǘƻŘŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇƻǘŀǘƻŜǎ 

ό{ƻƭŀƴǳƳ ǘǳōŜǊƻǎǳƳ [Φύ ƛƴ {ƛƳŎƻŜ /ƻǳƴǘȅΣ hƴǘŀǊƛƻΦ /ŀƴŀŘƛŀƴ WƻǳǊƴŀƭ ƻŦ tƭŀƴǘ tŀǘƘƻƭƻƎȅ пΥоуфςофмΦ 

 

hǊƭŀƴŘƻΣ ±ΦΣ DǊƻǾŜΣ LΦ DΦΣ 9ŘǿŀǊŘǎΣ {Φ DΦΣ tǊƛƻǊΣ ¢ΦΣ wƻōŜǊǘǎΣ 5ΦΣ bŜƛƭǎƻƴΣ wΦΣ ŀƴŘ .ŀŎƪΣ aΦ нлнлΦ wƻƻǘπƭŜǎƛƻƴ 

ƴŜƳŀǘƻŘŜǎ ƻŦ ǇƻǘŀǘƻΥ /ǳǊǊŜƴǘ ǎǘŀǘǳǎ ƻŦ ŘƛŀƎƴƻǎǝŎǎΣ ǇŀǘƘƻƎŜƴƛŎƛǘȅ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦ tƭŀƴǘ tŀǘƘƻƭΦ сфΥплрπ

пмтΦ 

 

tƘƛƭƛǎΣ WΦ мффрΦ tǊŜǎŜƴŎŜ ŀƴŘ ŎƻƴǘǊƻƭ ƻŦ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ƻƴ Ǉƻǘŀǘƻ ƛƴ /ȅǇǊǳǎΦ bŜƳŀǘƻƭƻƎƛŀ 

aŜŘƛǘŜǊǊŀƴŜŀ ноΥнорςноуΦ 

 

wǳŘƻƭǇƘΣ wΦ 9ΦΣ ½ŀǎŀŘŀΣ LΦ !ΦΣ ŀƴŘ 5Ŝ±ŜǧŜǊΣ [Φ ²Φ нлмтΦ !ƴƴǳŀƭ ŀƴŘ ǇŜǊŜƴƴƛŀƭ ŀƭƭŜȅǿŀȅ ŎƻǾŜǊ ŎǊƻǇǎ ǾŀǊȅ ƛƴ 

ǘƘŜƛǊ ŜũŜŎǘǎ ƻƴ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ƛƴ tŀŎƛŬŎ bƻǊǘƘǿŜǎǘ ǊŜŘ ǊŀǎǇōŜǊǊȅ όwǳōǳǎ ƛŘŀŜǳǎύΦ WƻǳǊƴŀƭ ƻŦ 

ƴŜƳŀǘƻƭƻƎȅ пфΥппсςпрсΦ 

 

{ƳƛƭŜȅΣ wΦΣ DƻǳǊƭƛŜΣ WΦΣ ¸ŀƴΣ DΦΣ ŀƴŘ wƘƛƴƘŀǊǘΣ YΦ нлмпΦ wŜǎƛǎǘŀƴŎŜ ŀƴŘ ǘƻƭŜǊŀƴŎŜ ƻŦ ƭŀƴŘǊŀŎŜ ǿƘŜŀǘ ƛƴ ŬŜƭŘǎ 

LƴŦŜǎǘŜŘ ǿƛǘƘ tǊŀǘȅƭŜƴŎƘǳǎ ƴŜƎƭŜŎǘǳǎ  ŀƴŘ tΦ ǘƘƻǊƴŜƛΦ tƭŀƴǘ 5ƛǎΦ фуΥтфтπулрΦ 

 

aōƛǊƻΣ !ΦΣ ŀƴŘ ²ŜǎŜƳŀŜƭΣ ²Φ нлмсΦ Iƻǎǘ Ǉƭŀƴǘ ǎǘŀǘǳǎ ƻŦ ŘƛũŜǊŜƴǘ ƎǊŜŜƴ ƳŀƴǳǊŜ Ǉƭŀƴǘǎ ŦƻǊ tǊŀǘȅƭŜƴŎƘǳǎ 

ǇŜƴŜǘǊŀƴǎ ŀƴŘ aŜƭƻƛŘƻƎȅƴŜ ŎƘƛǘǿƻƻŘƛΦ aΦ {Φ ǘƘŜǎƛǎΦ DƘŜƴǘ ¦ƴƛǾŜǊǎƛǘȅΣ DŜƴǘΣ .ŜƭƎƛǳƳΦ 

ƘǧǇǎΥκκƭƛōǎǘƻǊŜΦǳƎŜƴǘΦōŜκŦǳƭƭǘȄǘκw¦Dлмκллнκолпκотлκw¦Dлмπ ллнолпотлψнлмсψлллмψ!/ΦǇŘŦ 

 

²ƘƛǘŜƘŜŀŘΣ !Φ DΦΣ ŀƴŘ IŜƳƳƛƴƎΣ WΦ wΦ мфсрΦ ! ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǎƻƳŜ ǉǳŀƴǝǘŀǝǾŜ ƳŜǘƘƻŘǎ ƻŦ ŜȄǘǊŀŎǝƴƎ 

ǎƳŀƭƭ ǾŜǊƳƛŦƻǊƳ ƴŜƳŀǘƻŘŜǎ ŦǊƻƳ ǎƻƛƭΦ !ƴƴΦ !ǇǇƭΦ .ƛƻƭΦ ррΥнрςоуΦ 

 

½ŀǎŀŘŀΣ LΦ !Φ  aŜȅŜǊΣ {Φ [Φ CΦ  ŀƴŘ aƻǊǊŀΣ aΦ WΦ нллф .ǊŀǎǎƛŎŀŎŜƻǳǎ ǎŜŜŘ ƳŜŀƭǎ ŀǎ ǎƻƛƭ ŀƳŜƴŘƳŜƴǘǎ ǘƻ 

ǎǳǇǇǊŜǎǎ ǘƘŜ ǇƭŀƴǘπǇŀǊŀǎƛǝŎ ƴŜƳŀǘƻŘŜǎ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ŀƴŘ aŜƭƻƛŘƻƎȅƴŜ ƛƴŎƻƎƴƛǘŀΦ WƻǳǊƴŀƭ ƻŦ 

bŜƳŀǘƻƭƻƎȅ пмΥннмΦ 

https://libstore.ugent.be/fulltxt/RUG01/002/304/370/RUG01-%20002304370_2016_0001_AC.pdf
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Table 1. Mean final population densities of nematode on roots and soil combined, relative ratio compared to 

susceptible control, resistance ranking, and nematodes per gram of root (NPG) for potato cultivars and controls 

tested in this study for resistance reactions to the root lesion nematode, P. penetrans, in a greenhouse trial*  

Potato Cultivar Final population w Relative 

Ratiox 

Resistance 

Rating y 

NPG z 

Unplanted Control 0 c 0  - 0 c 

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 245.47 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    

 

ϝ¢ƘŜ ǘǊƛŀƭ ǿŀǎ ƛƴƛǝŀǘŜŘ ƛƴ !ǳƎǳǎǘ нлно ǿƛǘƘ ǘƘŜ ƛƴƛǝŀƭ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƻŦ тлл tΦ 

ǇŜƴŜǘǊŀƴǎκмΦрƪƎ ƻŦ ǎƻƛƭΦ 

ϝϝaŀƴƛǎǘŜŜ ǘǳōŜǊǎ ǿŜǊŜ ŘŜǎǘǊƻȅŜŘ ƘŀƭŦǿŀȅ ǘƘǊƻǳƎƘ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ōȅ ƭŀǘŜƴǘ ōŀŎǘŜǊƛŀƭ ƛƴŦŜŎǝƻƴ ǇǊŜǎŜƴǘ 

ƻƴ ǘƘŜ ǘǳōŜǊ ǎǳǊŦŀŎŜΦ  

ǿ aŜŀƴ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƛǎ ǘƘŜ ƳŜŀƴ ƻŦ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǝŜǎ ƻŦ ƴŜƳŀǘƻŘŜǎ ŦǊƻƳ ŬǾŜ 

ǊŜǇƭƛŎŀǝƻƴǎ ƻŦ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǿŀǎ ƻōǘŀƛƴŜŘ ōȅ ŀŘŘƛƴƎ ǘƻǘŀƭ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŦǊƻƳ Ǌƻƻǘǎ ŀƴŘ 

ǘƻǘŀƭ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŦǊƻƳ ǎƻƛƭ ƛƴ ŀ ǎƛƴƎƭŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǳƴƛǘ όǇƻǘύΦ aŜŀƴ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǝŜǎ 

ǿƛǘƘ ǎŀƳŜ ƭŜǧŜǊǎ ŀǊŜ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ όt ғ лΦлрύΦ 



нр 
 

Ȅ wŜƭŀǝǾŜ Ǌŀǝƻ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŘƛǾƛŘƛƴƎ ǘƘŜ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƻŦ tΦ ǇŜƴŜǘǊŀƴǎ ƛƴ ǘƘŜ ǘŜǎǘ ŎǳƭǝǾŀǊ 

ōȅ ǘƘŜ Ŭƴŀƭ ŘŜƴǎƛǘȅ ƻŦ tΦ ǇŜƴŜǘǊŀƴǎ ƛƴ ǎǳǎŎŜǇǝōƭŜ ŎƻƴǘǊƻƭΦ 

ȅ wŜǎƛǎǘŀƴŎŜ ǊŀǝƴƎ ǿŀǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎŀǘŜƎƻǊƛȊŀǝƻƴ ƻŦ ǊŜƭŀǝǾŜ Ǌŀǝƻ ǾŀƭǳŜǎ ƛƴǘƻ ŦƻǳǊ ŎƭŀǎǎŜǎΥ w Ґ wŜǎƛǎǘŀƴǘ 

όғнр҈ ƻŦ ǎǳǎŎŜǇǝōƭŜ ŎƻƴǘǊƻƭύΣ aw Ґ aƻŘŜǊŀǘŜƭȅ wŜǎƛǎǘŀƴǘ όнс҈πрл҈ύΣ a{ Ґ aƻŘŜǊŀǘŜƭȅ {ǳǎŎŜǇǝōƭŜ 

όрм҈πтр҈ύΣ { Ґ {ǳǎŎŜǇǝōƭŜ όҔтр҈ύ ό{ƳƛƭŜȅ Ŝǘ ŀƭΦ нлмпύΦ 

Ȋ bŜƳŀǘƻŘŜǎ ǇŜǊ ƎǊŀƳ ƻŦ Ǌƻƻǘ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƴŜƳŀǘƻŘŜǎ ǊŜŎƻǾŜǊŜŘ ŦǊƻƳ Ǌƻƻǘ ǝǎǎǳŜ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ƎǊŀƳǎ 

ƻŦ ǊƻƻǘǎΦ aŜŀƴ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǝŜǎ ǿƛǘƘ ǎŀƳŜ ƭŜǧŜǊǎ ŀǊŜ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ όt ғ лΦлрύΦ π Ґ 

ǊŜǎƛǎǘŀƴŎŜ ǊŀƴƪƛƴƎ ƴƻǘ ŀǾŀƛƭŀōƭŜΦ 
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CƛƎǳǊŜ мΦ wŜǇǊƻŘǳŎǝƻƴ ŦŀŎǘƻǊ ƻŦ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ ƻƴ ŘƛũŜǊŜƴǘ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎΦ .ŀǊǎ ƴƻǘ ǎƘŀǊƛƴƎ 

ŎƻƳƳƻƴ ƭŜǧŜǊǎ ŀǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ ŦǊƻƳ ŜŀŎƘ ƻǘƘŜǊ όtғлΦлрύΦ  

 

 

 

 

 

 

 

 

 

¢ŀōƭŜ нΦ [ƛǎǘ ƻŦ ŎǊƻǇǎ ǘŜǎǘŜŘ ŦƻǊ ǘƘŜƛǊ Ƙƻǎǘ ǎǘŀǘǳǎ ǘƻ ǘƘŜ ǊƻƻǘπƭŜǎƛƻƴ ƴŜƳŀǘƻŘŜΣ tǊŀǘȅƭŜƴŎƘǳǎ ǇŜƴŜǘǊŀƴǎ 

ǳƴŘŜǊ ŎƻƴǘǊƻƭƭŜŘ ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŘƛǝƻƴǎ  

/ǊƻǇ όŎǳƭǝǾŀǊύκǎŜŜŘ ƳŜŀƭ {ŎƛŜƴǝŬŎ ƴŀƳŜ CŀƳƛƭȅ 
bƻΦ ƻŦ Ǉƭŀƴǘǎ 

ǇŜǊ Ǉƻǘ 

!ƭŦŀƭŦŀ ό±ŜǊƴŜƳŀύ aŜŘƛŎŀƎƻ ǎŀǝǾŀ [Φ CŀōŀŎŜŀŜ п 

!ƭŦŀƭŦŀ όIƛƎƘ CƛǾŜύ aŜŘƛŎŀƎƻ ǎŀǝǾŀ [Φ CŀōŀŎŜŀŜ п 

[ƛǘŎƘƛ ǘƻƳŀǘƻ {ƻƭŀƴǳƳ ǎƛǎȅƳōǊƛƛŦƻƭƛǳƳ {ƻƭŀƴŀŎŜŀŜ н 

aǳǎǘŀǊŘ ǎŜŜŘ όtŀŎƛŬŎ DƻƭŘύ .ǊŀǎǎƛŎŀ ƧǳƴŎŜŀ .ǊŀǎǎƛŎŀŎŜŀŜ н 

aǳǎǘŀǊŘ ǎŜŜŘ όLŘŀƎƻƭŘύ {ƛƴŀǇƛǎ ŀƭōŀ .ǊŀǎǎƛŎŀŎŜŀŜ н 

tƻǘŀǘƻ ό/ŀǎǘƭŜ wǳǎǎŜǘύ {ƻƭŀƴǳƳ ǘǳōŜǊƻǎǳƳ {ƻƭŀƴŀŎŜŀŜ м 

tƻǘŀǘƻ όwŜŘ bƻǊƭŀƴŘύ {ƻƭŀƴǳƳ ǘǳōŜǊƻǎǳƳ {ƻƭŀƴŀŎŜŀŜ м 

²ƛƴǘŜǊ ǊȅŜ ό5ŀŎƻƭŘύ {ŜŎŀƭŜ ŎŜǊŜŀƭŜ [Φ tƻŀŎŜŀŜ н 

aǳǎǘŀǊŘ ǎŜŜŘ όtŀŎƛŬŎ DƻƭŘύϝ .ǊŀǎǎƛŎŀ ƧǳƴŎŜŀ .ǊŀǎǎƛŎŀŎŜŀŜ π 

aǳǎǘŀǊŘ ǎŜŜŘ όLŘŀƎƻƭŘύϝ {ƛƴŀǇƛǎ ŀƭōŀ .ǊŀǎǎƛŎŀŎŜŀŜ π 

*  indicates seed meals used in the experiment. 
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Table 3. Mean final population densities, reproductive factor (Rf), population reduction percentage (PRP), 
and resistance ranking of cover crops and controls tested in this study for hosting ability of the root lesion 
nematode, P. penetrans, in a greenhouse trial* 

 
Cover crop (cultivars)/seed 

meal 
Final population w Relative ratio x Resistance 

rating y 
PRP z 

IdaGold seed meal 120 c 8.9% - 83 c 

Unplanted infested soil 154 c 11.6% - 78 c 

Pacific Gold seed meal 194 c 14.7% - 72 c 

Alfalfa (Vernema) 220 c 16.8% R 68 c 

Potato (Castle Russet) 236 c 16.8% R 66 c 

Winter rye (Dacold) 316 c 24.2% R 54 c 

Litchi tomato 341 c 26.3% MR 50 c 

Alfalfa (High Five) 341 c 26.3% MR 50 c 

Mustard Seed (IdaGold)           777 b 59.5% MS -13 b 

Mustard Seed (Pacific Gold) 857 b 65.8% MS -25 b 

Potato (Red Norland) 1300 a 100% S -90 a 

 

ϝ¢ƘŜ ǘǊƛŀƭ ǿŀǎ ƛƴƛǝŀǘŜŘ ƛƴ hŎǘƻōŜǊ нлно ǿƛǘƘ ǘƘŜ ƛƴƛǝŀƭ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƻŦ сут tΦ 

ǇŜƴŜǘǊŀƴǎκмΦр ƪƎ ƻŦ ǎƻƛƭΦ 

ǿ aŜŀƴ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƛǎ ǘƘŜ ƳŜŀƴ ƻŦ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǝŜǎ ƻŦ ƴŜƳŀǘƻŘŜǎ ŦǊƻƳ ŬǾŜ 

ǊŜǇƭƛŎŀǝƻƴǎ ƻŦ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǿŀǎ ƻōǘŀƛƴŜŘ ōȅ ŀŘŘƛƴƎ ǘƘŜ ǘƻǘŀƭ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŦǊƻƳ Ǌƻƻǘǎ 

ŀƴŘ ǘƘŜ ǘƻǘŀƭ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ŦǊƻƳ ǎƻƛƭ ƛƴ ŀ ǎƛƴƎƭŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǳƴƛǘ όǇƻǘύΦ aŜŀƴ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ 

ŘŜƴǎƛǝŜǎ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ƭŜǧŜǊǎ ŀǊŜ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ όt ғ лΦлрύΦ 

Ȅ wŜƭŀǝǾŜ Ǌŀǝƻ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŘƛǾƛŘƛƴƎ ǘƘŜ Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƻŦ tΦ ǇŜƴŜǘǊŀƴǎ ƛƴ ǘƘŜ ǘŜǎǘ ŎǳƭǝǾŀǊ 

ōȅ ǘƘŜ Ŭƴŀƭ ŘŜƴǎƛǘȅ ƻŦ tΦ ǇŜƴŜǘǊŀƴǎ ƛƴ ǎǳǎŎŜǇǝōƭŜ ŎƻƴǘǊƻƭΦ 

ȅ wŜǎƛǎǘŀƴŎŜ ǊŀǝƴƎ ǿŀǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎŀǘŜƎƻǊƛȊŀǝƻƴ ƻŦ ǊŜƭŀǝǾŜ Ǌŀǝƻ ǾŀƭǳŜǎ ƛƴǘƻ ŦƻǳǊ ŎƭŀǎǎŜǎΥ w Ґ wŜǎƛǎǘŀƴǘ 

όғнр҈ ƻŦ ǎǳǎŎŜǇǝōƭŜ ŎƻƴǘǊƻƭύΣ aw Ґ aƻŘŜǊŀǘŜƭȅ wŜǎƛǎǘŀƴǘ όнс҈πрл҈ύΣ a{ Ґ aƻŘŜǊŀǘŜƭȅ {ǳǎŎŜǇǝōƭŜ 

όрм҈πтр҈ύΣ { Ґ {ǳǎŎŜǇǝōƭŜ όҔтр҈ύ ό{ƳƛƭŜȅ Ŝǘ ŀƭΦ нлмпύΦ 
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Ȋ tƻǇǳƭŀǝƻƴ ǊŜŘǳŎǝƻƴ ǇŜǊŎŜƴǘŀƎŜ όtwtύ ƛǎ ǘƘŜ ŀǾŜǊŀƎŜ ƻŦ ҈ ǊŜŘǳŎǝƻƴ ƛƴ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴǎ ŦǊƻƳ ŬǾŜ 

ǊŜǇƭƛŎŀǝƻƴǎ ŦƻǊ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘΦ bŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ǊŜŘǳŎǝƻƴ ό҈ύ Ґ όƛƴƛǝŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƻƴ ǘƘŜ 

ǘŜǎǘŜŘ ŎǊƻǇ π Ŭƴŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ ƻƴ ǘƘŜ ǘŜǎǘŜŘ ŎǊƻǇύκƛƴƛǝŀƭ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǘȅ Ȅ мллΦ bŜƎŀǝǾŜ όπύ 

twt ƛƴŘƛŎŀǘŜǎ ƴŜƳŀǘƻŘŜ ǇƻǇǳƭŀǝƻƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘǊŜŀǘƳŜƴǘǎΦ 

- = Host ranking not available. 

 

 

 

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 in the tested cultivar divided by the initial population density of the 

nematode. Host status was based on the categorization of Rf values into five classes: N = non-host 

(Rf < 0.15), P = poor host (Rf = 0.15 to 1.0), M = maintenance host (Rf = 1.0 to 2.0), G = good 

host (Rf = 2.0 to 4.0), and E = excellent host (Rf > 4) (Mbiro and Wesemael 2016). Seed meals 

with (-) = Host ranking not available. 
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CƛƎǳǊŜ оΦ DǊŜŜƴƘƻǳǎŜ ŜȄǇŜǊƛƳŜƴǘ ǎƘƻǿƛƴƎ ŎƻǾŜǊ ŎǊƻǇǎ ŀƴŘ ǎŜŜŘ ƳŜŀƭǎ ōŜŦƻǊŜ ǘŜǊƳƛƴŀǝƻƴΦ   
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218 281-8603  Fax 

Executive Summary ï This is a project to develop and refine management tactics for 2 of the 

major insect pests of potato, Colorado Potato Beetles, and Aphid Vectors of virus disease in 

Minnesota and North Dakota. This proposal will include: 1) updating the geographic patterns of 

Colorado Potato Beetle resistance in Minnesota and North Dakota, 2) Assessing the ability of 

Colorado Potato Beetle to non-mechanically vector PVY, and 3) maintaining an aphid trapping 

and monitoring network for aphid vectors of virus disease in potatoes (especially PVY) and 

providing near real-time maps of aphid population distribution in MN and ND throughout the 

growing season.  This information will assist in making management decisions for Colorado 

Potato Beetle and the timing of treatments to prevent the spread of PVY within seed potato 

fields..  

Rationale ï Colorado Potato Beetle (CPB), Leptinotarsa decemlineata Say, is the most 

damaging defoliating insect pest of potatoes in North America (Alyokhin 2009). In most years in 

Minnesota and North Dakota, this insect typically has a single true generation.  They overwinter 

as adults in areas surrounding the production field, emerging in spring to enter this yearôs fields.  

They do minimal feeding while mating and laying eggs and then die.  The resulting larvae are 

significant early season defoliators, feeding voraciously (esp the older stages) as they grow.  

They eventually drop to the ground and pupate.  Summer adults emerge from the soil and 

cause a second wave of serious defoliation as they feed to prepare for overwintering.  Until 

recently, this meant two distinct peaks of feeding in the growing season. 

In the past 25 years, at-plant applications of neonicotinoid insecticides have controlled CPB 

populations well. Unfortunately, this tactic is becoming less effective.  This insect has a 

pronounced ability to develop insecticide resistance (Weisz et al. 1994, Alyokhin et al. 2007, 

Huseth et al. 2014) (Fig 1).  Lower susceptibility (the first stage of a population developing 

resistance) and full resistance to several insecticides has been documented in MN & ND for 

several years.  Resistance to neonicotinoids is established in Central MN and is increasing in 

the Red River Valley of MN and ND (MacRae, 2019).  The decreasing efficacy of at-plant 

applications of neonicotinoid insecticides has resulted in an increasing reliance on foliar 

insecticides.  

Colorado Potato Beetle is often referred to as a óSuperPestô because of its ability to develop 

resistance to insecticides.  There are multiple mechanisms whereby insects can be insensitive 

mailto:imacrae@umn.edu
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to insecticides.  Colorado Potato 

Beetle have demonstrated 

behavioral resistance, reduced 

penetration of its cuticle by 

insecticides, increased excretion 

rate of insecticides, enhanced 

enzymatic metabolism of toxins, 

and insensitivity of the active 

ingredientôs target site.  In other 

words, different populations 

have: avoided pesticides, or 

prevented them from entering 

the body, or excreted them 

before they could be absorbed 

across the gut, or broken them 

down with enzymes if they did 

get across the gut, or changed 

the part of the body the 

insecticide is designed to effect.  

All of these mechanisms are 

seldom found in the same population, but it is not unusual to find a population that has several 

of these mechanisms functioning.  There are several reasons CPB are so prone to develop 

resistance to insecticides; the insectôs highly adaptable genotype, ability to enzymatically 

degrade toxins with its active mixed-function oxidase system, its pre-adaptive ability to consume 

highly toxic substances (they happily feed on nightshades), and its feeding in a system that 

requires high agrochemical inputs.  Considered together, itôs obvious Colorado Potato Beetleôs 

development of resistance to an insecticide is a when, not an if. 

Data from MN and ND gathered 2017-19 indicates in some locations, not only is the efficacy of 

neonicotinoid insecticides decreasing, but efficacy to other modes of action is decreasing as 

well (MacRae 2019). This decreasing sensitivity to other insecticides is especially concerning. 

Populations of CPB in central MN showed tolerance to abamectin based insecticides (e.g. 

AgriMek) and populations from at least one site in ND showed increased tolerance of an 

anthranilic diamide (chlorantraniliprole, e.g. Coragen).  In addition, populations from two organic 

production sites in MN have shown significant levels of resistance to Blackhawk (Spinosad), 

which is likely a result of overuse.   

If foliar management programs are to remain effective against Minnesota and North Dakota 

CPB populations, we must manage potential resistance.  It is necessary to know prior to 

application if resistance, or even increasing tolerance, to products has been noted.  Otherwise, 

application may contribute to the development of further resistance. 

Consequently, information on the relative efficacy of the available insecticides is necessary to 

develop working insecticide resistance management programs.  The only way to achieve this 

information is to gather and test populations of CPB from different locations in MN and ND and 

test their susceptibility to insecticides as compared to a susceptible population.  We currently 

maintain such a ónaµveô colony (i.e. the entire colony has historically never exposed to any 

insecticide) at the UMN-NWROC in Crookston. 

 

Figure 1. The cumulative number of insecticide active ingredients to 

which Colorado Potato Beetle has developed resistance, 1950-2006. 

(Whalon 2008). 
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North America seed potato production is suffering an epidemic of aphid vectored, virus causing 

diseases such as Potato Leaf Roll (PLRV) and Potato Virus Y (PVY). PLRV is a non-persistent 

(circulative) virus; that means after the insect acquires the virus from an infected plant, the virus 

undergoes a reproductive period inside the insect vector before it can be transmitted to another 

plant.  This is called a latency period, and in PLRV it is approximately 72 hours.  Consequently, 

PLRV is often transmitted by aphids that colonize potato; a winged female lands on the plant, 

decides itôs a suitable food species and deposits a daughter aphid, which reproduces, resulting 

in a new colony of aphids. The 3-day latency means PLRV transmission can be controlled by 

well-timed applications of traditional insecticides (thereôs enough time for the insecticide to kill 

the aphids before it can transmit the virus).  

Conversely, PVY is a non-persistent virus; there is no latency period.  The virus can be acquired 

by an insect vector from an infected plant and transmitted to an uninfected plant in minutes 

(Bradley 1954).  PVY can be transmitted mechanically as well as biologically.  Infection is known 

to occur down tractor rows and on cutting tables.  In fact, some biological transmission can also 

be considered mechanical; virus particles adhere to aphids mouthparts while they suck sap and 

are wiped off on the next plant upon which it feeds.   

Our data from caged trials over the past two years demonstrates that feeding by CPB can also 

spread PVY, likely in a similar way.  The virus is acquired by feeding on an infected plant, likely 

adheres to the beetleôs jaws, and is transmitted to the next plant upon which it feeds.  In most 

cases of mechanical transmission of PVY, the virus is usually wiped off the vectorôs mouthparts 

during feeding on the next plant.  Some chewing insects, including CPB, tend to frequently 

regurgitate while feeding.  Often, as in CPB, this is an important mechanism the insect uses to 

avoid exposure to harmful chemicals in the plant (Lawrence et al 2007, 2008).  The material 

regurgitated by insects comes from the foregut, which is basically a gizzard where food is 

mechanically digested and stored before being moved to chemical digestion in the midgut.  The 

midgut is isolated from the foregut, has a much lower pH and is the site of secretion of digestive 

enzymes.  Conditions in the foregut are much more similar to ambient conditions outside the 

insect.  Consequently, PVY may be able to survive and remain viable in the foregut of the beetle 

and be spread when it regurgitates.  The beetle could feed on an infected plant, hold virus for a 

period of time in itôs foregut, and transmit it to uninfected plants over time.  Further, because 

summer adult CPB have strong flight abilities and often move between potato fields, CPB could 

potentially move PVY between commercial and seed fields.   

The most efficient mechanism of testing if virus can persist in the foregut of CPB is to dissect 

out that section of the gut and test it for the presence of the virus.  The best method to assay for 

PVY RNA would be the use of enzyme-linked immunoassay (ELISA) and Reverse Transcriptase 

polymerase chain reaction (RT-PCR).  These laboratory techniques can positively confirm the 

presence and strain of any PVY virus present and their techniques are well established. 

 

PVY, because it is a non-persistent virus, is often vectored by aphid species which do not 

colonize potato. In fact, with regards to PVY transmission, the vector you donôt see on the plant 

is often more important than the ones you do see.  A non-colonizing aphid species will fly into a 

potato field, probing plants to determine if theyôre appropriate host plants. If they are not 

appropriate hosts, the aphid will fly to neighboring plants to assess them as hosts (aphids have 
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little to no agronomic knowledge and are unaware it is the same species of plant).  

Consequently, non-colonizing aphid species will move across a potato field, probing plants and 

transferring any inoculum present. This process results in non-colonizing vector species 

spending short periods on multiple plants in a field.  This decreases the chance of finding them 

during normal scouting. Not only does this mean that any PVY inoculum will be readily moved 

from infected to non-infected plants, but non-colonizing aphids arenôt in the field long enough for 

traditional insecticides to have sufficient time to kill the vector. Traditional insecticides, therefore, 

will not control the spread of PVY.  Rather, the most effective insecticides have been those that 

quickly cause the insectôs feeding behavior to stop.   

There are a number of aphid species that vector virus diseases to seed potatoes, the most 

efficient is green peach aphid, Myzus persicae (Sulzer) but several others are also capable of 

efficiently vectoring the virus. For example, soybean aphids are only 10% as effective in 

vectoring PVY as is green peach aphid (Davis and Radcliffe 2008) but disperses in such high 

numbers (Ragsdale et al 2004) they can be an important part of seasonal epidemiology. 

However, potato is not a suitable host for soybean aphid so it will not colonize the crop. The 

importance of non-colonizing means that scouting for aphids in potatoes, while an excellent 

management practice, may not provide a complete picture of the amount of vectors present at a 

given time. 

Application of Aphoil and anti-feeding insecticides can limit the transmission of PVY in 

colonizing in both aphids that colonize potato and those that donôt (DiFonzo et al. 1997, Suranyi 

et al. 2004, Carroll et al. 2004, 2009, Olson et al. 2004, Hodgson et al 2005).  But application 

timing is critical and treatments must be applied prior to aphid populations dispersing into the 

field from the margin (this takes about 2 weeks from initial presence of winged aphids).  

Consequently, accurate methods of monitoring aphid presence are essential. The regional aphid 

monitoring network, Aphid Alert, provides Minnesota and North Dakota seed potato growers 

near real-time information on virus vector flight activity. 



оп 
 

Over the past several years, Aphid Alert has provided timely information on aphid vector 

presence and the seasonal patterns of vector population dynamics.  This is an estimate of risk; 

risk is exposure to hazard.  The species of aphids that we monitor have a biological ability to 

transmit PVY, thatôs hazard.  The traps measure their presence, the exposure to the hazard, 

thatôs risk.   

Our data has identified that the 

majority of vector flight occurs starting 

in late July and through August (Fig 

2), reflecting many of the non-

colonizing species moving from 

senescing hosts (e.g. small grains) to 

seek alternate food sources. This late 

season flight of aphid vectors 

confirms that the majority of PVY 

infection must occur late in the 

growing season. 

The total number of vectors, however, 

does not tell the complete story.  Not 

all species of aphids are equal in their 

ability to transmit PVY virus; some 

species are much more efficient 

vectors than others.  As mentioned, 

the Green Peach Aphid (GPA) is the 

most efficient species when it comes 

to transmitting PVY.  Weôve 

developed an index, The PVY Vector 

Risk Index (Fig 2), which uses the 

number of vector species captured in 

a trap and their relative efficiency at 

transmitting PVY to estimate the 

relative risk of PVY transmission at 

any given date.   

Regional data also might not reflect 

what is happening at a specific location.  For example, while on average, Vector numbers 

across Minnesota and North Dakota begin to rise in Mid-July, other sites may not follow this 

pattern.  Some sites, such as Perham, reflect the steady growth of populations starting in mid-

July and peaking in August, while other, such as Lake of the Woods, have vector Index peaks 

not associated with a gradual increase in population (Fig 3). 

 

 

Figure 2.  The capture of PVY vectoring aphids in all Aphid 

Alert traps by week, averaged over 2012-2020 (top graph).  

And the Regional PVY Risk Index/Week averaged over 2012-

2020.  The dates were standardized to ISO-8610 week 

numbers so the data could be compared across years.  Note 

that Vector Risk Index does not precisely mirror the number of 

Vectors capture, exmeplifying the importance of species 

efficiency. 



ор 
 

All of our cooperators have received the historical averaged data for their site.  Some sites have 

fewer years trapping data than others but those data still provide insights into their vector 

activity.  These local data will be used in 2021 to assist in making management decisions. 

Over the past several years, the Aphid Alert Network has grown to provide region-wide 

coverage, estimating the aphid vector populations. The network relies on grower cooperators to 

maintain and change traps throughout the growing season and send weekly trap catches to the 

entomology lab at the University of Minnesotaôs Northwest Research & Outreach Center 

(NWROC).  There the trap contents are sorted, aphid vector species identified and PVY Vector 

Risk Index values calculated. Since 2012, the Aphid Alert network has provided excellent 

regional coverage of the Minnesota and North Dakota seed producing areas. 

The UMN-NWROC Entomology lab will be conducting additional research on CPB and PVY 

funded by Specialty Crop Block Grants from both the MN and ND Depts. of Agriculture. 

In 2022, we propose 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 Beetle to vector PVY virus from itôs mouthparts and 
foregut. 

3. Continue the Aphid Alert Network, providing potato producers with information on the 
regional distribution and densities of aphid vectors of virus disease and weekly 
assessments of PVY risk transmission at each trap location.  

 

Procedures 

1) Update distribution of resistance to insecticides in Colorado Potato Beetle populations in 

North Dakota and Minnesota production areas. 

 

 

Figure 3.  The seasonal PVY Vector Risk Index by week, averaged from 2012-2020 data, for MN & ND (left), 

Perham (middle) and Lake of the Woods (right).  Note the steady ramping of the Index values at Perham vs the 

concentration of Index values in August at Lake of the Woods. 
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Colorado Potato Beetle was sampled by UMN personnel from potato production areas. Samples 

were obtained from 6 locations in 2023. To adequately test each insecticide with adequate 

replication, approximately 1500 beetles per location were collected. 

Similar to 2022, there were relatively few reports of insecticide failures during the 2023 growing 

season but several 

locations did have 

apparent 

applications that did 

not provide the 

expected efficacy.  

Adults were 

collected again in 

2023 as laboratory 

testing indicated a 

significant handling 

mortality with the 

new protocol when 

it was implemented 

on a large scale. 

Baseline mortality rates were established using the insecticide-susceptible colony (Fig 4) 

maintained at the UMN NWROC in Crookston.  Sampled beetles will be assessed for 

susceptibility to registered insecticides.  We produce baseline data for Neonicotinoids (e.g. 

Imidacloprid), Abamectins (e.g. Reaper, AgriMek), Anthranilic Diamides (e.g. Corragen), 

Spinosyns (e.g. Blackhawk, Delegate), and Indoxaacarbs (Avaunt).  Recovered numbers 

prevented the testing of some other modes of action (although problems have not yet been 

reported with the groups we did not test).   

Resistance/tolerance of CPB from each area was assessed using direct exposure tests. A 

gradient of concentrations of active ingredient (ai), the actual toxin in the insecticide, was used 

in trials to create a dose curve that indicated the amount of ai necessary to kill 50% of the 

population (i.e. the Lethal Dose 50% or óLD50ô) and the expected % mortality in the population if 

exposed to the high label rate of the insecticide.  

 

Figure 4. Insecticide susceptible Colorado Potato Beetle Colony maintained at the 

NWROC.  This population is insecticide naµve, meaning it has never been exposed to 

insecticides and is, therefore, considered susceptible to all modes of action.  This is 

one of only few such colonies in the Northern Plains. 
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Direct exposure trials were conducted by applying 10Õl 

(microliter) drops of insecticide directly to the insect using a 

micro-pipette (Fig 5). Each insecticide was tested with 6 

rates: amounts of inseciticide were mixed with Reverse 

Osmosis H2O so that the mg/volume would be equivalent to 

0x, 1X, 5X, 10X, 25X, and 50X the high label rate of the 

insecticide (0X were treated with RO water only).  Ten 

beetles were placed in a Petrie plate and each rate had 4 

replicate Petrie plates.  So, a total of 480 beetles were 

treated for each insecticide (240 from the field population 

and 240 from the insecticide susceptible colony as a 

comparison).   After the insecticide has dried on the insect, 

beetles were placed onto a potato leaf in Petri plates and 

left to feed for 5-7 days (120h). Beetles were initially 

assessed for mortality at 24h to determine handling 

mortality. As CPB often appear intoxicated immediately after exposure but recover after several 

days, mortality was again be assessed 5-7 days post application (min. of 120h), this was the 

reading used to assess mortality. Mortality was assessed by placing beetles on their backs and 

evaluating movement. Any insect not righting itself within 5 minutes is assessed as dead or 

moribund. The percent mortality of beetles at each rate were graphed to construct dose 

response curves which could then be compared to the dose response curve from that 

insecticide when tested on the insecticide susceptible colony.   

Results ï Resistance levels are presented here as the multiple of high label rate instead of 

mg/vol as it better represents useful management information.  In 2023, samples were obtained 

only from MN locations, there were few locations in ND reporting CPB failures, and those 

locations were often treated prior to our being able to collect from the field.  Locations sampled 

were Hastings, Becker, Browerville, Perham and Crookston.   

There are some caveats to the resulting data that may explain some apparent anomalies with 

results that may have been observed in the field (Table 1).  There were  three products tested 

that are typically applied with the synergist Piperonyl Butoxide (PBO), Abamectins (e.g. Reaper, 

AgriMek), Indoxacarb (Avaunt), and Tolfenpyrad (Torac).  Piperonyl Butoxide works by inhibiting 

metabolic detoxification enzymes, called Cytochrome P-450 monooxygenases, that can 

physiologically metabolize toxins (including insecticides).  In circumstances where an active 

ingredient of an insecticide is subject to being physiologically degraded by Cytochrome P-450 

enzymes, PBO can decrease that detoxification, resulting in higher levels of the insecticideôs 

active ingredient reaching the toxinôs target site.  This will result in increasing the efficacy of the 

insecticide.  The bioassays, however, were designed to examine the toxicity of the insecticide 

and the addition of PBO might skew that finding. 

In summary (Table 1) :  

 - Becker: Abamectins were less effective than other insecticides tested (the high label rate 

could only be expected to provide 26.6 % mortality of the population.  Other insecticides tested, 

including neonicotinoids surprisingly, performed reasonably well in comparison with Torac being 

very effective at this location.   

 

Figure 5.  Micropipette with 

disposable tips .  Unit is capable of 

depositing drops of 2.0-20.0 Õ. 
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- Browerville: only Indoxacarb was tested and its efficacy without PBO was low.  (Note: this may 

not be reflective of field applications wherein PBO has been used as a synergist.) 

- Crookston: neonicotinoids did not perform with the efficacy of other products, which performed 

as expected. 

- Hastings: (AMD90W field) ï All products tested within expected parameters but there may be 

some decreased efficacy in Spinosyns and diamides. 

- Hastings (Schuler field): Torac performed as expected but Avaunt (in absence of PBO) showed 

low efficacy. (Note: this may not be reflective of field applications wherein PBO has been used 

as a synergist.) 

- Perham: Torac performed as expected but Avaunt (in absence of PBO) showed low efficacy. 

(Note: this may not be reflective of field applications wherein PBO has been used as a 

synergist.) 



оф 
 

¢ŀōƭŜ мΦ  /ƻƳǇŀǊŀǝǾŜ ǘƻƭŜǊŀƴŎŜǎ ƻŦ ǘŜǎǘŜŘ ƛƴǎŜŎǝŎƛŘŜǎ ŦǊƻƳ ǎŀƳǇƭŜŘ ƭƻŎŀǝƻƴǎΦ  5ŀǘŀ ŦǊƻƳ ǘƘŜ {ǳǎŎŜǇǝōƭŜ [ŀō /ƻƭƻƴȅ Ŏŀƴ ōŜ ǳǎŜŘ ŦƻǊ 

ŎƻƳǇŀǊƛǎƻƴΦ  ¢Ƙƛǎ Ŏƻƭƻƴȅ ƛǎ ƛƴǎŜŎǝŎƛŘŜ ƴŀƠǾŜΣ ƛǘ Ƙŀǎ ƴŜǾŜǊ ōŜŜƴ ŜȄǇƻǎŜŘ ǘƻ ƛƴǎŜŎǝŎƛŘŜǎΦ  /ƻƴǎŜǉǳŜƴǘƭȅΣ ǊŜǎƛǎǘŀƴǘ ŀƭƭŜƭŜǎ ǿƛǘƘƛƴ ǘƘŜ ƎŜƴƻǘȅǇŜ ƻŦ ǘƘŜ 

ŎƻƭƻƴȅΣ 

ǎƘƻǳƭŘΣ 

ǘƘŜǊŜŦƻǊŜΣ 

ǊŜƳŀƛƴ ŀǘ 

ƭƻǿ ƭŜǾŜƭΦ 

!ōǎŜƴŎŜ 

ƻŦ Řŀǘŀ 

ƛƴŘƛŎŀǘŜǎ 

ǘƘŜ 

ƛƴǎŜŎǝŎƛŘŜ  ǿŀǎ ƴƻǘ ǘŜǎǘŜŘ ŦƻǊ ǘƘŀǘ ƭƻŎŀǝƻƴΦ

Location Insecticide Name / Active Ingredient / Mode of Action # / Class 

Admire / 
Imidacloprid 4A 

Neonicotinoid 

AgriMek / 
Abamectin 6 
Avermectin 

BlackHawk / 
Spinosad 5 
Spinosyns 

Coragen / 
Chlorantraniliprole 28  

Diamides 

Torac / 
Tolfenpyrad 

20-21  
METI 

Avaunt / 
Indoxacarb 

22A 
Indoxacarbs 

Susceptible Lab 
Colony 

LD50= 0.074X 
1X= 75.6% 

LD50= <0.00X 
1X= 97.7% 

LD50= 0.12X 
1X= 87.0% 

LD50= 0.03X  
1X= 89.3% 

LD50= 0.38X 
1X= 80.5% 

LD50= 1.01X 
1X= 49.7% 

UMN SPRF 
(Becker MN) 

LD50= 0.002X 
1X= 78.4% 

LD50= 2.6X 
1X= 26.6% 

LD50= 0.42X 
1X= 71.4% 

LD50= 0.002X 
1X= 78.4% 

LD50= 0.002X 
1X=96.3% 

 

Browerville 
(Browerville, 
MN) 

     LD50= 30.73X 
1X= 35.32% 

UMN NWROC 
(Crookston, 
MN) 

LD50= 2.71X 
1X= 38.7% 

LD50= 0.13X 
1X= 87.1% 

LD50= 0.05X 
1X= 87.8% 

  LD50= 0.06X 
1X= 91.8% 

  

AMD90W 
(Hastings MN) 

  LD50= 0.65X 
1X= 56.92% 

LD50= 0.01X 
1X= 62.9% 

LD50= 0.29X 
1X= 79.6% 

 

Schuler  
(Hastings MN) 

    LD50= 0.328X 
1X= 78.2% 

LD50= >50X 
1X= 16.2% 

Hwy 10  
(Perham, MN) 

    LD50= 0.57X 
1X= 64.78% 

LD50= 33.3X 
1X= 14.33% 

 
LD50 ς the mount of insecticide (in this case expressed as X the high label rate of the insecticide) that is needed to kill 50% of the population.  A 
lower LD50 means less insecticide is required to kill an individual, therefore the lower the LD50, the less resistance in the insect population to 
this insecticide. 

1X = the percent of the insect population killed by 1X the high label rate of the insecticide.  The higher this number, the less resistance to this 
insecticide in the insect population. 
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2) Assess Ability of Colorado Potato Beetle  to vector PVY Over Time ï This objective was 

not completed due to staffing issues.   

 

3) Aphid Alert Trapping Network. A network of ~20 3m-tall suction traps were established in 

the seed potato production areas of Minnesota and North Dakota. These traps consist of a fan, 

powered by solar panel and deep cell battery, drawing air down in through the trap and trapping 

the incoming aphids in a sample jar.  Traps have a photocell, preventing the fan from running 

through the night and capturing night flying insects (aphids are day-fliers) reducing the amount 

of óbug stewô to be sorted and saving power.  The sample jars were changed weekly by grower 

cooperators who send them to the UMN-NWROC entomology lab. Insects in the jars were 

sorted and aphids removed. Aphids were then identified to species and aphid population 

dynamics at sample locations are determined. Maps are generated weekly showing these 

dynamics. This information was made available to growers on two websites 

(aphidalert.blogspot.com), via NPGA weekly electronic newsletter (Potato Bytes), linked to on 

the NDSU Potato Extension webpage (http://www.ag.ndsu.edu/potatoextension), and posted on 

the AgDakota list serve.  Traps were established in early June and maintained until the seed 

field hosting the trap was vine-killed/harvested. At that point a field is no longer attractive to 

aphids.  

The PVY Vector Risk Index was calculated weekly for each site in the network and averaged 

across the region as well.  This index reflects the fact that aphid species have differing levels of 

efficiency in their ability to transmit PVY. The PVY Vector Risk Index uses relative transmission 

efficacies of different aphid vector species to present the relative risk of disease transmission at 

each location.  

Results ï The 2023 season was a very heavy aphid vector year.  In addition, not only were 

capture numbers high, but several species present in high numbers were highly efficient PVY 

vectors (Table 2).  

¢ŀōƭŜ нΦ {Ŝŀǎƻƴŀƭ ŎŀǇǘǳǊŜ ƻŦ ǾŜŎǘƻǊ ŀǇƘƛŘ ǎǇŜŎƛŜǎ ōȅ ƭƻŎŀǝƻƴ ƛƴ нлноΦ  bƻǘ ƻƴƭȅ ǿŜǊŜ ŎŀǇǘǳǊŜ ƴǳƳōŜǊ 

ƘƛƎƘΣ ƛƴŘƛŎŀǝƴƎ ƘƛƎƘ ǾŜŎǘƻǊ ǇƻǇǳƭŀǝƻƴǎΣ ōǳǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ Ƴŀƴȅ ƘƛƎƘƭȅ ŜŶŎƛŜƴǘ ǾŜŎǘƻǊ ǎǇŜŎƛŜǎ όŜΦƎΦ 

ƎǊŜŜƴ ǇŜŀŎƘ ŀǇƘƛŘΣ ǎƳŀƭƭ ƎǊŀƛƴ ŀǇƘƛŘǎΣ Ǉƻǘŀǘƻ ŀǇƘƛŘǎΣ ŜǘŎύ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ƛƴƻŎǳƭǳƳ 

ǘǊŀƴǎƳƛǎǎƛƻƴ ǿƛǘƘƛƴ ŬŜƭŘǎΦ 

 

   

file:///C:/Ian%20Work/Grants/NPPGA%202021/NPPGA%202019/NPPGA%202017/NPPGA%202016/aphidalert.blogspot.com
http://www.ag.ndsu.edu/potatoextension
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The high numbers of vectors, and the fact that several species present were very successful 

vectors, means that there were highly than average chances of inoculum being spread in the 

field.  The average PVY Vector Risk across the region was approximately twice that of the 2013-

2020 average (Fig. 6) while the regional average of the number of aphids captured weekly per 

trap in 2023 was almost three times the 2013-2020 8-year average (Fig 7).  While the 

population dynamics of aphid vectors was similar in pattern to the 2013-2020 average patterns 

(building in July, peaking in August) the numbers captured starting in July were significantly 

higher than the historical average.  This means many vector species were present prior to vine-

kill, increasing the potential for virus transmission.   

Overall, the PVY Vector risk in 2023 was one of the highest seen in several years.  
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CƛƎǳǊŜ сΦ ¢ƘŜ ŀǾŜǊŀƎŜ ǊŜƎƛƻƴŀƭ t±¸ wƛǎƪ LƴŘŜȄ ŦƻǊ нлно όǘƻǇύ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŀǾŜǊŀƎŜ ǊŜƎƛƻƴŀƭ t±¸ wƛǎƪ 

LƴŘŜȄ ŎŀƭŎǳƭŀǘŜŘ ƻǾŜǊ ǘƘŜ нлмоπнлнл ǘǊŀǇǇƛƴƎ ǎŜŀǎƻƴǎΦ  ¢ƘŜ нлно ȅŜŀǊ ƘŀŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘǿƛŎŜ ǘƘŜ 

ƭŜǾŜƭ ƻŦ t±¸ ±ŜŎǘƻǊ wƛǎƪ LƴŘŜȄ ǘƘŀƴ ǘƘŜ нлмоπнлнл уπȅŜŀǊ ŀǾŜǊŀƎŜ 
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CƛƎǳǊŜ тΦ  ¢ƘŜ ǊŜƎƛƻƴŀƭ ŀǾŜǊŀƎŜ ƴǳƳōŜǊ ƻŦ t±¸ ǾŜŎǘƻǊǎ ŎŀǇǘǳǊŜŘ ǇŜǊ ǘǊŀǇ ōȅ ǿŜŜƪ ƛƴ нлно όǘƻǇύ ŎƻƳǇŀǊŜŘ ǘƻ 

ǘƘŜ ǊŜƎƛƻƴŀƭ уπȅŜŀǊ ŀǾŜǊŀƎŜ ƻŦ t±¸ ǾŜŎǘƻǊ ŀǇƘƛŘǎ ŎŀǇǘǳǊŜŘ κ ǘǊŀǇǎ ŦǊƻƳ нлмоπнлнл ǎŜŀǎƻƴǎΦ  ¢ƘŜ ƴǳƳōŜǊ ƻŦ 

ŀǇƘƛŘ ǾŜŎǘƻǊǎ ŎŀǇǘǳǊŜŘ ƛƴ нлно ǿŀǎ ŀƭƳƻǎǘ ǘƘǊŜŜ ǝƳŜǎ ǘƘŜ уπȅŜŀǊ нлмоπнлнл ŀǾŜǊŀƎŜΦ    
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4) Within Field Distribution of Potato Virus Y.  Results - This project was funded by a ND 

Specialty Crop Block Grant but is being reported on here for dissemination of information.   This 

project was conducted with the help of North Dakota Seed Certification.  Accompanying ND 

Seed Certification scouts early in the summer, plants infected with PVY were identified within 

cooperators seed potato fields during early season visual scouting for within field inoculum.  

Infected plants were marked with flags and precise geocoordinates obtained with Survey quality 

Corrected GPS.  Plants at 1.5, 3, 4.5, 6, and 7.5 m on the compass rose (N, NE, E, SE, S, SW, 

W, & NW) from identified PVY positive plants were flagged and tested for PVY using a within-

field PVY bioassay tool called an ImmunoStrip (AgDia INC., Elkhart, IN).  They were found not 

to be infected with PVY.  Later in the season, these surrounding plants were re-sampled and 

again tested for PVY using Immunostrips.  In 2022, at the end of season, tubers were sampled 

from these plants and subjected to a winter growout in the greenhouse at the UMN NWROC in 

Crookston. It was found the growouts provided no additional data over the within field applied 

ImmunoStrips and was not repeated in 2023.  

These data provided two interesting observations.  Early planted PVY infected plants (i.e. 

planted 

inoculum) 

appeared to 

be 

clustered.  

PVY 

positive 

plants were 

often 

identified 

within 15m-

40m of each 

other with 

large 

sections of 

the field 

lacking 

infected 

plants (fig 

8).  The 

entire field 

was not 

sampled for 

PVY 

infection by us so we do not know if this is an artifact of our trial protocols or a real distribution.  

Early season mapping of within field distribution of PVY positive plants may provide some 

additional insight.  We also found it was as likely to find a neighboring infected with PVY at 7.5m 

as it was to find one at 2m.  As these plants were previously negative for PVY so it was 

assumed this represented within-field transmission.  This indicates within field spread can occur 

at least 7.5m from an infected plant and our scale of observation and sampling was insufficient.  

 

 

Figure 8. Sample points in the 4 fields examined to determine spatial distribution and 

movement of PVY inoculum within seed potato fields.  Black dots denote identified PVY 

positive plants used as origin points for movement studies.  Note that there seems to 

be a clustering of origin plants.  These data were early season locations, consequently 

they most likely reflect planted inoculum. These patterns may not be reflective of the 

whole field distribution or they may indicate some factor that may be related to PVY 

inoculum distribution at planting. 
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Report title ï Screening potato lines for Verticillium wilt resistance in an irrigated potato field at 

Becker, MN 

Principle Investigator: Ashish Ranjan, 495 Borlaug Hall, 1991 Upper Buford Circle 

Department of Plant Pathology, University of Minnesota - Twin Cities, St. Paul MN 55108 

 

Executive Summary- Verticillium wilt (caused by fungal pathogens called Verticillium spp.), 

also called potato early dying disease, is a recurring problem for Minnesota and northern plains 

potato growers. Potato is one of the most economically important crops impacted by Verticillium 

wilt. Cultural management strategies such as crop rotation with non-hosts and fumigation have 

had limited economic success. One of the most sustainable and economical ways to control crop 

diseases is to identify and generate resistant varieties of plants. For the identification of resistant 

varieties, it's crucial to have disease nurseries for screening potato lines. We developed a 

Verticillium-infested disease screening nursery in an irrigated potato field at Sand Plain Research 

Farm, Becker, MN, and found high Verticillium disease pressure. The breeding effort at UMN 

(currently led by Dr. Laura Shannon) has led to the generation of several potato lines. In the year 

2023, we conducted screening of 30 potato clones/lines, including nine commercial potato 

cultivars for Verticillium wilt resistance screening. The study trial suggested commercial 

cultivars/varieties Umatilla Russet and Russet Burbank are highly tolerant. At the same time, 

Superior, Dark Red Norland, Goldrush, Red Norland, Russet Norkotah, and Yukon Gold are 

highly susceptible to Verticillium wilt. The study identified three new potato lines from UMN 

varieties to be highly tolerant. These potato varieties were MN19AOR17020-009, 

MN18CO15083-006, and MN19CO17072-005 (Figure 1). MN19CO17072-005 has shown 

better tolerance than Umatilla Russet and Russet Burbank (Figure 1).  

 We also isolated Verticillium isolates from infected stems and performed their 

characterization. We used molecular biology and microbial techniques to characterize them 

(discussed more in the procedure and result section). The study identified Verticillium dahliae 

and confirmed it in the infected potato stem samples. 

 

Rationale:  

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 



пу 
 

rationale for the proposed study is to use the in-home (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 fungicide-resistant pathogens. These strains will be an important resource 

for future studies, including understating their differential pathogenicity and 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 pathogenicity. The understanding will help inform growers about region-specific 

planting of potato varieties and help decide about fungicide treatments.  

Therefore, to achieve these goals, we proposed the following objectives ï 

1). Screen UMN potato breeding lines for Verticillium wilt resistance in the irrigated potato field 

and  

2). Isolate and study the diversity of Verticillium spp. isolated from MN potato farms. 

The proposed research plan will identify new Verticillium wilt-resistant potato verities, 

ultimately leading to potato improvement for resistance against Verticillium wilt. 

 

Procedures 

We used the following method to achieve the above-stated objectives. 

For objective 1. We conducted a screening of 30 lines bred at the UMN potato breeding, 

including nine commercial cultivars, Superior, Dark Red Norland, Goldrush, Red Norland, Russet 

Norkotah, Yukon Gold, Atlantic Russet Burbank, and Umatilla Russet (representing a range of 

resistance). These lines were planted with four replicates of 10 plant plots (hills) in a completely 

randomized block design in the Verticillium wilt nursery at the Sand Plain Research Farm, Becker, 

MN, on 15th May 2023. Verticillium wilt was visually assessed for disease symptoms at seven-day 

intervals beginning at the mid-potato vegetative growth and flowering stage (from 17th July to 10th 

August) by estimating the number of plants exhibiting symptoms and scoring them for disease 

severity. Plants were assessed for the severity of Verticillium wilt symptoms and stem colonization. 

Scoring for the severity of Verticillium wilt symptoms was performed by estimating the rate for 

the percentage of foliage exhibiting senescence using the following scale: 0 - No disease 

symptoms, 1 - Slight wilting and unilateral discoloration of lower leaves (1-25% wilt), 2 - 

Moderate wilting involving less than one-half of the plant (25-50% wilt), 3 - Severe wilting 
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involving more than one-half of the plant (51-75%), and 4 - Plant dead or dying from wilt (75-

100% wilt) (Hoyos et. al., 1991). The stem colonization was validated by Verticillium-specific 

primers (Inderbitzin et al. 2011; Inderbitzin et al. 2011) and performing PCR (Polymerase Chain 

Reaction) (Atallah et.al. 2007). Data analysis was conducted 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 the co-relation of Verticillium wilt ring and 

foliar symptoms using the Pearson product-moment correlation test and Spearman's 

coefficient statistical tools.  

 

For objective 2. We isolated Verticillium isolates from infected potato stem samples showing 

Verticillium wilt characteristics. We isolated the verticillium 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 (Inderbitzin et al., 2011; Atallah et al., 2007). We will perform PCR 

using universal internal transcribed spacer (ITS) primers (White TJ et al., 1990: Appel DJ et al., 

1995; Inderbitzin et al. 2013), followed by sequencing of the amplified product. The PCR sequence 

results were searched for known Verticillium isolate sequences and were confirmed. We also 

performed microbiological study of these isolates by looking for their specific characteristics 

(Figure 5B, C, and D). 

 

Results 

Verticillium wilt screening study was performed in a randomized complete block design 

in a Verticillium dahliae-infested field at the irrigated sand plain research station, Becker, MN. 

We screened ĕ1200 potato hills for resistance to Verticillium wilt. The study included thirty 

entries, including susceptible cultivar Superior, in four replicates. Area under disease progress 

curve (AUDPC) was calculated by examining disease symptom expression using the disease 

severity scoring as discussed above. The study identified three Verticillium-highly tolerant potato 

lines (Figure 1). Figure 2 shows the verticillium wilt disease progression in the commercial 

potato variety in Gold Rush Russet (susceptible) and Russet Umatilla (highly tolerant), used as 

check lines as observed and rated on 26th July, 2nd August, and 10th August 2023.  
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Figure 3 shows the verticillium wilt disease progression in the highly susceptible line 

(MN04844) and highly tolerant line (MN19CO17072-005) as observed and rated on 26th July, 

2nd August, and 10th August 2023. 

 

Figure 1. Area under the disease progress curve (AUDPC) of thirty varieties, including nine 

commercial cultivars (Superior, Dark Red Norland, Goldrush, Red Norland, Russet Norkotah, 

Yukon Gold, Atlantic Russet Burbank, and Umatilla Russet) using percentage disease severity 

foliage (DS%) from 17th July, 26th July, 2nd August, and 10th August 2023 observations. 

  Indicates highly tolerant varieties. The study was performed in four replicates; each replicate 

has ten potato hills. Standard deviation of four replicates is shown. 

 

Figure 2. Progression of Verticillium wilt disease in Gold Rush Russet (118, susceptible) and 

Russet Umatilla (138, tolerant) potato variety at Sand Plain Research Farm, Becker, MN. 

Photographed on (A, B) 26th July, (C, D) 2nd August, and (E, F) 10th August, respectively. 
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Figure 3. Progression of Verticillium wilt disease in MN04844 (9, susceptible) and 

MN19CO17072-005 (180, tolerant) potato variety at Sand Plain Research Farm, Becker, MN. 

Photographed on (A, B) 26th July, (C, D) 2nd August, and (E, F) 10th August, respectively. 

We scored for Verticillium wilt ring post-harvest. 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 wilt ring and performed a co-

relation study of Verticillium wilt ring symptom and foliar symptoms using the Pearson product-

moment correlation test and Spearman's coefficient statistical tools. The study suggested that 

Verticillium wilt rings do not relate strongly with foliar symptoms (r = 0.1). We can conclude from 

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

 

 

 

Figure 4. Infected tubers with Verticillium wilt develop light brown discoloration in the vascular 

tissue (arrow pointing towards the vascular ring) of potato tubers stem end. 

From this study, we can preliminarily conclude that we have identified three tolerant potato lines 

MN18CO15083-006, MN18CO16154-009, MN18TX17748-002, MN18W17065-004 and 
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MN18W17089-002 to Verticillium wilt. To check the consistency of the phenotype, we might have 

to perform another field evaluation. The filed trial suggests measurable VW resistance is apparent 

in U of MN potato breeding programs. We need to standardize the controlled growth 

chamber/greenhouse disease screening method to further screen for resistance. Continuation of our 

experiments for the next year will increase our sample size and give a comprehensive 

understanding and conclusive results. For future studies, these lines can also be used to perform 

genetics and omics studies to identify important potato genes involved in resistance or for breeding 

improved Verticillium-resistant potato lines.  

 

 

Figure 5. Morphological features of Verticillium dahliae strain isolated from infected potato 

stem. A. Colony after 14 days on PDA growing from potato stem, B. Microsclerotia forming on 

potato stem cross section 14 days on PDA   B. Conidiophore after 15 days on WA-p (Water agar 

plate), C. Microsclerotia of the V. dahliae holotype material from stem 15 days on WA-p (Water 

agar plate). 
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We have also isolated multiple Verticillium isolates from a few different Minnesota sites, 

but we need to perform a comprehensive survey in MN to understand the diversity of Verticillium 

spp. A preliminary microbial and molecular biology study indicates the prevalence of Verticillium 

dahliae in these sites. We need to sample from more sites and counties to monitor Verticillium 

species/race in MN. Figure 5 illustrates morphological features of Verticillium dahliae strain 

isolated from infected potato stems. 
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Executive Summary: Plant pathologists from North Dakota State University will work to 

improve outcomes from the early die disease complex for growers. The objectives of this 

research are to quantify the accumulation of the black dot (Colletotrichum coccodes) and 

Verticillium wilt (Verticillium dahliae) pathogens in stem tissue and determine the utility of the 

use of irrigator-mounted imaging for assessing early die. Assessing pathogen colonization across 

the growing season will strengthen our understanding of these two important diseases. 

Additionally, data we obtain on pathogen populations and disease severity will be used to train 

the artificial intelligence crop monitoring technology to recognize the disease. While qPCR is a 

wonderful tool for quantifying pathogen populations, the resources in many cases are too high to 

justify itsô use across entire commercial potato production farms. Cameras attached to irrigation 

systems are currently utilizing thousands of images collected while the irrigator is running to 

assess plant population, ground cover, insects, and weeds. Identifying diseases is one of the next 

steps in maximizing the value of these imaging systems for growers. With early detection of 

early die disease, growers can amend management practices to minimize the losses incurred by 

this disease complex. Additionally, precision chemical applications and planting decisions for 

future crops can be made on a field by field basis. Growers and other stakeholders have been 

involved in the development of this project. Results obtained to date indicate that significant 

differences in visual early die were observed. Final results generated in the coming months will 

be shared with growers, scientists, and other industry stakeholders at field days and grower 

winter meetings, and in trade journal and scientific publications. 

 

Funding has been secured for the 2024 and 2025 growing seasons from the ND Department of 

Ag Specialty Crop Block Program for similar objectives as are highlighted in this request. The 

request outlined here is for work carried out during the 2023 growing season and post-harvest 

evaluations associated with the soil and stem samples collected during the 2023 growing season. 

We estimate that a minimum of three to five years of data will be needed to validate this system. 

 

Procedures 

A field was chosen based on the availability of the irrigator-mounted cameras and history of 

early die. The early die susceptible cultivar Russet Burbank was planted. The field had a split 

fumigation application (chloropicrin/metam sodium). On each side of the circle, 16 

georeferenced sampling sites were chosen, 4 sites under each of 4 sensors (replicates), and all 

data and samples were taken in these areas (Figures 1 and 2). Foliar disease incidence was 

mailto:Julie.Pasche@NDSU.edu
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visually estimated in each replicate on July 14, July 28, August 11, and 25 by evaluating 50 

plants in the vicinity of each of the 32 georeferenced sites. The main stem of each of 5 plants was 

sampled by cutting 4-5 inches above and 2 inches below the soil line on July 13, 25, August 11, 

and 25 at all 32 sites (640 stem samples) (Figure 3). Soil samples were collected to 8 inches on 

August 3 (32 samples) and shipped to Pest Pros for early die analyses. DNA will be extracted 

from stem and soil samples and C. coccodes and V. dahliae will be quantified. Prior to each side 

of the field being harvested (September 6 and 13), the number of plants in from 10 feet of row 

were counted, and all tubers were hand-dug from all 32 sites. Tuber assessments include total 

yield, grade, market yield, and vascular discoloration. A sub-set of tubers displaying vascular 

discoloration will be assayed via qPCR to quantify C. coccodes and V. dahliae. 

 

Results to Date 

Plant population was significantly higher on the metam sodium side (Figure 4). Early die 

progressed differentially between the two field halves (Figures 5 and 6). Differences in disease 

were significant throughout most of the growing season, resulting in a significant difference in 

Area Under the Wilt Progress Curve (AUWPC) (Figure 5). Images obtained with the Prospera 

cameras (Figure 7) are being compared to visual ratings and will be compared to stem pathogen 

colonization as those data are completed. Stem samples have been dried and ground, DNA has 

been extracted, and qPCR for pathogen (C. coccodes and V. dahliae) quantity will be completed 

in the coming weeks. Yield was significantly higher in the chloropicrin treatment (Figure 8). 

Tuber grade differed significantly between treatments only in the largest size category (>10oz) 

(Figure 9). Tuber pathogen data are forthcoming. 

 

Preliminary Conclusions (first of 3- to 5-year study) 

Based on this single split field, fumigation with chloropicrin decreased disease and increased 

yield. Those data are very preliminary and should be interpreted with extreme caution. Data 

obtained from this split field will contribute substantially to our knowledge of how pathogens 

colonize stem tissue, and how that is affected by soil pathogen populations measured at 

georeferenced sites. Additionally, comparing these data with images obtained from the cameras 

will move us towards determining if losses due to early die can be detected earlier, allowing for 

growers to make appropriate crop management decisions. 
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