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 46 

EXECUTIVE SUMMARY 47 

  48 

This renewal proposal for NRSP6 is similar to the FY16-21 project (and all fifteen previous ones 49 

since ~1950), because what the genebank does and how it does it continues to efficiently fill a 50 

strong and growing national need for germplasm support for potato research and breeding.   51 

 52 

As the most consumed and most valuable US vegetable, potato substantially influences the farm 53 

economy and environment in many states.  High value-added processing and high and regular 54 

consumption gives potato significant impact in all states with respect to the food economy and 55 

citizens’ health.   56 

 57 

Because potato has more useful exotic germplasm than any other crop, there is much activity in 58 

federal, state, and private breeding and research programs using genebank stocks.  Potato is a 59 

high input crop with many opportunities of improvement that can be addressed by germplasm.  60 

Potato is a prohibited import crop, so genetic resources already in the US genebank are the only 61 

ones readily available to germplasm users.  Continuing restrictions on international germplasm 62 

collecting and sharing, and rapidly evolving genetic technologies make what we already have at 63 

NRSP6 even more precious.  NRSP6 is one of the premier potato genebanks in the world, and 64 

the only program in the nation responsible for providing these potato genebank services.   65 

 66 

NRSP6 has a Technical Advisory Committee that meets annually to review a detailed annual 67 

report, and NRSP6 undergoes a mid-term review.  Performance of Wisconsin and USDA/ARS 68 

staff is also comprehensively reviewed twice per year in the federal 5-year CRIS project that 69 

almost exactly duplicates the NRSP6 project.   70 

 71 

This document details robust accomplishments over the past 5 years: 72 

 73 

Requests for NRSP6 germplasm increased by about 50%, and were promptly filled.  To extend 74 

the value of our service, we conducted R&D that showed ways to make genebank techniques 75 

more efficient.  We have cooperated with and assisted federal, state, and private scientists to 76 

discover, characterize, and evaluate traits of interest to the industry.  77 

 78 

For the FY16-20 project and previously, ESCOP requested that NRSP6 demonstrate relevance 79 

by obtaining significant financial contributions from Industry.  This has been fulfilled. 80 

 81 

We are asking for continuation of $150K per year in MRF funding.  This maintains the status 82 

quo, being close to the average funding for decades.  Of course, such long-term flat funding 83 

actually represents about a 50% reduction of historic support in terms of buying power.   84 

 85 

Virtually all crop germplasm in the National Plant Germplasm System is genebanked in 86 

partnership with SAES.  And although MRF funding of NRSP6 is only 22% of total inputs from 87 

ARS, APHIS, UW, grants and gifts, about 37% of NRSP6 germplasm distributions go to SAES 88 

scientists.  NRSP6 gives SAES ownership of a renowned genebank for one of the nation’s main 89 

food crops, and its mission fills an ongoing national need with increasing returns on SAES 90 

investment. 91 
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A.  PREREQUISITE JUSTIFICATION AND STATEMENT OF ISSUES    92 

 93 

1.  How is NRSP6 service consistent with the NRSP research support mission?  94 

 95 

a.  NRSP6 is the only practical source of potato germplasm for US researchers and breeders:  96 

 97 

NRSP6 is designated the sole official NPGS project filling the role of working potato genebank 98 

for the US.  A good way to understand the importance of NRSP6 is to imagine the situation if no 99 

genebank was present for an individual researcher wanting to use exotic potato relatives.  He 100 

would first need to study taxonomic boundaries to understand his material and how it related to 101 

cultivars.  He would need to determine breeding system, requirements for growth, and 102 

interspecific crossing.  If it did not exist in the US or he could not find or obtain it from a fellow 103 

US researcher, he would need to organize an expedition to Latin America.  Since potato is a 104 

“prohibited” plant for import, he would have to negotiate APHIS quarantine and wait one or two 105 

years.  When finally in hand, would he propagate the germplasm disease-free, and advertise it for 106 

sharing with all potato researchers worldwide?  NRSP6 does and coordinates all these things for 107 

the potato research community, avoiding the confusion, inefficiency and costs associated with 108 

duplication of these efforts by many individuals.  This is not a static process, but must evolve 109 

with the advance of science and as needs and opportunities change over time. 110 

 111 

b.  NRSP6 provides enabling technologies and materials.    112 

  113 

Germplasm stocks.  As described above, providing the germplasm itself enables advances in 114 

potato research and breeding.  In the past project term NRSP6 has met this need by freely and 115 

promptly distributing materials and doing the associated work that supports these distributions.   116 

 117 

Germplasm data.  NRSP6 provides users with a central source of current germplasm 118 

information:  What is available in US and globally, taxonomic relationships, natural origin, 119 

characterization and evaluation data with respect to useful traits.  To do this, NRSP6 must also 120 

develop and maintain acquisition; classification; seed increase, inventory, disease status and 121 

distribution data.  All of this data pertinent to the needs of germplasm users is available 24/7 122 

online.   123 

 124 

R&D for best techniques and tools for germplasm collecting, preservation, and evaluation.  The 125 

genebank is the focus of NRSP6, but we must keep in mind that the genebank has only a sample 126 

of what is available in the wild.  Thus, study and appropriate action to make the genebank 127 

collection the best it can be is crucial.  Diversity is the goal, but while the scope of potential 128 

diversity we could collect and keep is virtually unlimited, genebank funding is not.  R&D that 129 

characterizes diversity richness and enables the most efficient techniques for collecting and 130 

preservation is of great importance for our own genebank and others worldwide.  NRSP6 has 131 

become a world leader in developing such information and tools by examining specific practical 132 

questions with DNA markers, often using materials from collecting expeditions organized and 133 

conducted by genebank staff.   134 

 135 

Custom materials for germplasm evaluation.  It would not be appropriate for genebank staff to 136 

specialize in any one evaluation discipline.   Instead, genebank staff expertise in germplasm 137 
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genetics and handling is used to devise studies, then select and prepare materials for testing in 138 

partnership with various extramural scientists with the specific expertise and infrastructure for 139 

generating the data.   140 

  141 

2. How does NRSP6 pertain as a national issue?  142 

 143 
Widespread relevance and need for potato germplasm.  Potato is the most widely grown and 144 

consumed vegetable in the US and world, being among the most palatable and versatile of foods.  145 

Potato accounts for about 30% of all vegetable consumption in the US.  US consumption has 146 

remained fairly steady for the past 40 years, but with percent fresh going from about 50% to 147 

about 70% (mostly due to more frozen products), with great economic added value in processing.  148 

In the past 5-year project term, production value in the US continued to increase to 4.56 billion 149 

dollars (see Appendix, Figure. 1) and world production increased to 377 million tons.   150 

 151 

Exotic germplasm has had great genetic impact and opportunities.  More exotic germplasm is 152 

available and used for potato than for any other major crop.  At least 70% of named US cultivars 153 

have our exotic germplasm in their pedigrees.  In 2017 we reported that in Wisconsin, of the past 154 

8 cultivar releases from the breeding program, 6 have wild species germplasm as parents 155 

obtained directly from NRSP6 (see Appendix B).  Some estimates have been made of the 156 

economic return from germplasm utilization.  About 50% of the four-fold advance in potato 157 

yields have been due to genetic improvement and about 1% of annual value of all crops may be 158 

credited to exotic germplasm.  Pro-rated, this is a total of about $20 million per year for potatoes 159 

in the USA.   160 

 161 

NRSP6 stocks and research have national value because they... 162 

 163 

... appear in most of the improved new cultivars in the 10-15 year pipeline of conventional 164 

breeding. 165 

 166 

... provide valuable genes in exotic potato that can be efficiently moved to modify popular 167 

existing cultivars already having consumer acceptance (e.g., transgenics and Simplot's Innate 168 

lines). 169 

 170 

... will continue to provide novel technologies that enter the marketplace, like inbred diploid 171 

varieties developed originally by Solynta and now pursued by most US breeding programs. 172 

 173 

... have a positive impact on all citizens, not just members of the potato industry, since every 174 

state has a significant and direct involvement in marketing, transportation and consumption of 175 

potato as a major part of the diet of its population.  Scientists in every state benefit from advance 176 

of knowledge published by researchers using NRSP6 germplasm.   177 

 178 

... provide a platform for study and use of quality traits that enhance potato value at the consumer 179 

level, which has impact in all states. 180 

 181 

... provide a platform for study of health traits like anti-cancer, anti-obesity, and anti-stroke, 182 

which have great potential impact on economic status and citizen well-being and productivity.  183 
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Two thirds of Americans are overweight or obese.  Mitigating inadequate potassium intake 184 

would prevent an estimated 100,000 annual deaths due to sodium-induced high blood pressure, 185 

not to mention mitigate non-lethal strokes that are the leading cause of chronic, severe disability.  186 

Cancer has surpassed heart disease as the leading cause of deaths of all individuals except the 187 

very old.  Aging baby-boomers are expected to exacerbate these already severe challenges to 188 

national health and insurance costs.  These medical issues cost US society hundreds of billions of 189 

dollars annually.   190 

 191 

B.  RATIONALE FOR NRSP6  192 

 193 

1.  Relevance to ESCOP challenges 194 

 195 

Challenge 1:  We must enhance the sustainability, competitiveness, and profitability of U.S. food 196 

and agricultural systems.  This can be achieved through lower input costs keeping all other 197 

factors steady.  Or, quality can improve to support higher prices at the same market share.  The 198 

optimal scheme for the potato crop is to use germplasm to make gains in all three areas:  less 199 
input costs, higher yield per area of land, and higher quality.  Other initiatives that will contribute 200 

to these general goals are increasing net yield by reducing storage losses, and capitalizing on 201 

virtual demand by removing the physiological limits to potato production due to the climate, 202 

diseases and pests.  203 

 204 

Challenge 2 . We must adapt to and mitigate the impacts of climate change on food, feed, fiber, 205 

and fuel systems in the United States.  Potato is cultivated across a broader range of latitudes than 206 

any other major crop.  Thus, the effects of climate change could be different in different growing 207 

regions, and require the screening for multiple new traits in exotic germplasm which can be 208 

incorporated into the crop.  Genebank staff are actively working on modeling climate change and 209 

predicting impact on in situ populations—heat, drought, cold and other stresses.    210 

 211 

Challenge 3:  We must support energy security and the development of the bioeconomy from 212 

renewable natural resources in the United States.  NRSP6 does not address this challenge. 213 

 214 

Challenge 4:  We must play a global leadership role to ensure a safe, secure, and abundant food 215 

supply for the United States and the world.  This is the heart of what NRSP6 aims to promote.  216 

Genetic diversity of the exotics at NRSP6 represents the potential diversity of improvements in 217 

productivity, quality and resource use efficiency realized in new cultivars. 218 

 219 

Challenge 5:  We must improve human health, nutrition, and wellness of the U.S. population.   220 

As already mentioned, improved potato has outstanding potential to have a significant health and 221 

nutrition impact on a population basis because it already has a regular, high level of consumption 222 

across all demographic categories in the US.  Compare, for example, to blueberries which have 223 

famous levels of antioxidants per serving, but are very expensive, and are eaten only in small 224 

quantities and irregularly.  Potato has had obvious appeal—it is relatively cheap, good-tasting in 225 

many forms, and filling.  Because of extensive potato cultivation of potato, reducing the need for 226 

chemical inputs in the potato crop through genetic means could significantly reduce the exposure 227 

to agrichemicals (manufacture, transport, storage, grower, consumer).  Genetic improvements via 228 
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NRSP6 germplasm are resulting in a more productive, versatile, profitable, nutritious and 229 

environmentally safe potato crop. 230 

 231 

Challenge 6:  We must heighten environmental stewardship through the development of 232 

sustainable management practices.  Research supported by NRSP6 will continue to find ways to 233 

make a crop that is more efficient at using fertilizer and water inputs and can naturally resist 234 

pests and diseases.  That means less impact on the environment through less use of pesticides.   235 

 236 

Challenge 7:  We must strengthen individual, family, and community development and resilience.  237 

NRSP6 can have an impact on primitive farmers in developing countries who could improve 238 

their standard of living and maintain their culture because germplasm inputs gave them a more 239 

marketable and nutritious crop (by increasing frost tolerance for high altitude farmers, for 240 

example).  Food security in developing countries often has a favorable influence on political 241 

stability, which reduces the money US citizens must spend to maintain international relations and 242 

foreign aid.  A healthy US populace can also have a higher standard of living due to more 243 

productivity and less need to spend the profits from that productivity on insurance, medical care 244 

and government intervention programs.  245 

 246 

2.  Relevance to stakeholders  247 

 248 

NRSP6 stakeholders are researchers, breeders, those who use their product (producers), food 249 

suppliers, and, ultimately, consumers.  Here are the reasons why there is a continued need and 250 

relevance of NRSP6 service to stakeholders, and why US scientists (and foreign ones) will 251 

depend on NRSP6 germplasm more in the future:  252 

 253 

1) No other public or private programs have come forward to provide the unique services of 254 

NRSP6.  Seventy years of public support of this genebank has resulted in the collection of nearly 255 

6,000 items of germplasm for the world’s most important non-cereal crop.  At least 45% of these 256 

are unique.  257 

  258 

2)  The need for potato research and breeding is increasing.  Development of technology has 259 

enhanced the quantity and impact of research and publications involving germplasm.  There is a 260 

US-based international association of researchers devoted to potato with Breeding and Genetics 261 

taking a prominent role (The Potato Association of America).  There are numerous breeders, 262 

hundreds of thousands of seedlings grown for yearly selection, more sophisticated facets of 263 

evaluation, and more varieties being released.  There is increasing challenge to gather, format 264 

and distribute information with the greater speed and detail made possible with advances in data 265 

management technology.  266 

 267 

3) Acquisition of germplasm from foreign genebanks or directly from the wild is becoming even 268 

less practical for US researchers.  Other genebanks have faced financial problems or 269 

reorganization which has reduced their capacity to maintain availability of germplasm and 270 

services.  Countries with native potato germplasm to share are doing so less freely due to policies 271 

reflecting feelings of national ownership and problematic expectations of “benefit sharing” that 272 

have delayed access from Latin America since 2000.  So, dependence on raw materials we have 273 

in-country at NRSP6 is greater than ever. 274 
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 275 

4) Potato is listed as "prohibited" by APHIS, making quarantine testing of all imports for one-276 

two years necessary, at an estimated cost of over $4,000 per item.  To avoid the wasted time and 277 

expense of having quarantine repeatedly process the same material for multiple importers, we 278 

need the coordination, information and preservation provided by NRSP6.  279 

 280 

5) We need to reduce agrichemical inputs that are costly and may threaten the health of humans 281 

and the environment.  We need solutions to legal limitations to use of pesticides and water so 282 

producers can stay in business.  For farmers and consumers, genetic solutions through 283 

germplasm are increasingly important.  284 

 285 

6) Physiological constraints such as a need for cold tolerance (applied especially to the mountain 286 

growing regions like the Andes but everywhere subject to the global cycle of wider weather 287 

fluctuations), heat and CO2 (global warming), water and fertilizer use efficiency (loss of water 288 

rights, phosphates in lakes, nitrates in groundwater, energy costs for pumping water and making 289 

fertilizer) have increased, as well as a general need to increase the adapted range of potato to 290 

production areas where it would increase food security and benefit the world economy.  All these 291 

point to an increasing need for the "new blood" available in NRSP6 exotic germplasm.  292 

 293 

7) Technology has increased the possibilities for germplasm use making it more valuable.  Now 294 

whole genome sequencing is practical.  Targeted genes can be modified by CRISPR technology.  295 

The prospects of easily identifying and mining genes from exotic germplasm (reducing the long 296 

and expensive process of conventional breeding) makes the service of NRSP6 even more 297 

valuable to stakeholders.   298 
 299 

C.  IMPLEMENTATION  300 
 301 

1.  Outcomes/Impacts-- What was accomplished 302 
 303 
Full documentation of the project accomplishments is provided on the project website link 304 

"Administrative Reports" :  https://www.ars.usda.gov/midwest-area/madison-wi/vegetable-crops-305 

research/people/john-bamberg/bamberg-lab/  A summary text form is provided below, with 306 

formatted quantification in the cited Appendix.  Note also that the staff publications in Appendix 307 

B indicate how NRSP6 staff discovered attributes of the germplasm that make it more useful to 308 

germplasm cooperators.  309 

 310 

Acquire germplasm to expand genetic diversity contained in the US Solanum germplasm 311 

collection.  At total of 189 new stocks were added by USA collecting, requests from cooperators, 312 

and requests from genebank staff (see Appendix A1). 313 

 314 

Classify accessions with species names which will serve as stable identifiers, and promote 315 

efficient utilization.   Species names were assigned to all new accessions.  Taxonomic studies 316 

using both molecular and classical techniques were employed to determine stable species 317 

boundaries, condensing the over 200 species names of the past to less than 100 (Appendix A2).   318 

Preserve NRSP6 germplasm in secure, disease-free, and readily available form.  The genebank 319 

now has nearly 6,000 stocks as seed populations and clones.  These were preserved with 320 

https://www.ars.usda.gov/midwest-area/madison-wi/vegetable-crops-research/people/john-bamberg/bamberg-lab/
https://www.ars.usda.gov/midwest-area/madison-wi/vegetable-crops-research/people/john-bamberg/bamberg-lab/
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maximum genetic integrity in viable, disease-free form available for distribution.  This effort 321 

included maintenance of data, performing seed and in vitro increases, purity tests, disease tests, 322 

germination tests, chromosome counts, field grow-outs, and better scheduling of pollination to 323 

catch parents at their peak.  (see Appendix A3). 324 

 325 

Distribute germplasm, associated data and advice to all researchers and breeders in a timely, 326 

efficient, and impartial manner.  Orders greatly increased in the past project term, and were filled 327 

within one week of receipt.  Details by state and region are presented in Appendix A4. 328 

 329 

Evaluate the collection for as many important traits as possible.  Unpublished screening data of 330 

experiments conducted by cooperators was summarized and uploaded to GRIN.  Evaluation 331 

initiated by staff and done in-house or with cooperators covered a broad range of topics pursuant 332 

to more efficient mining of the value of NRSP6 germplasm.  See Appendix A5 for scheme for 333 

systematic mining and study of germplasm traits.   334 
 335 

2.  Objectives -- Goals for the new project term  336 
 337 
a. TECHNICAL 338 
 339 

Objectives below represent the ongoing work of the genebank.  When the new project anticipates 340 

pursuing particular goals and quantities, those are noted in [brackets].   341 

 342 

Acquire germplasm. 343 

 344 

Latin America.  Most of Latin America is currently closed to US germplasm collecting.  [We will 345 

continue work to better understand the status and vulnerability of the in situ germplasm resource, 346 

particularly related to climate change.  We will also pursue new opportunities for research-347 

oriented collecting in Peru and Mexico, and expand frost and wart resistance breeding with 348 

germplasm donor countries.  We will pursue extension of clean tuber seed production systems in 349 

Latin American countries that need it to systematically evaluate NRSP6 germplasm.]  350 

 351 

Collecting in the USA.   Annual collection trips will be made to acquire new germplasm and to 352 

gather materials for research investigations on collecting methods and the relationship of in situ 353 

to ex situ genetic diversity.  [We will study diversity within populations in the wild, predictors of 354 

patterns of diversity across the range and impact of climate change models. We will vigorously 355 

pursue opportunities for cooperation with local botanists.] 356 

 357 

Germplasm donations.  We will continue to survey researchers for their needs, and assess gaps in 358 

the collection, then initiate the corresponding imports from foreign genebanks and public and 359 

private germplasm developers.  NRSP6 staff will continue to evaluate and develop mutants and 360 

other selections that will be formally deposited in the genebank.  New genetic stocks and 361 

families are being developed by others (e.g., mapping populations and inbred lines) and PVPs 362 

are expiring.  These will increase the need for the genebank as a safe repository and source.  363 

 364 
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Classify germplasm.   We will continue to use genetic markers and phenotypic traits to 365 

differentiate germplasm into sub-taxa and core subsets that guide germplasm users to the best 366 

materials for their work.  367 

 368 

Preserve germplasm. 369 

 370 

Propagate.  Increase seedlots at the rate of greater than 200 per year for a 25-30 year cycle.  371 

Conduct in vitro transfers needed to maintain clonal collection viability. 372 

 373 

Safeguard.  Maintain on-site and remote backup collections at the National Center for Genetic 374 

Resources Preservation (NCGRP) at Ft. Collins, CO. 375 

 376 

Maintain health.  Continue vigorous, comprehensive testing to minimize the possibility of 377 

distribution of diseased stocks.  [We will set up two custom growth chambers for isolated tuber 378 

production]. 379 

  380 

Genetic diversity management.  DNA-marker-based studies will show us where genetic diversity 381 

is concentrated and vulnerable to loss, so we can prioritize stocks for preservation and optimize 382 

techniques as needed.  [We will continue to test methods of selecting core collections for more 383 

efficient germplasm sampling.  We will continue DNA-marker-based studies aimed at 384 

understanding relative genetic heterogeneity of germplasm subgroups and how this impacts 385 

sampling when collecting, preserving and evaluating the germplasm.] 386 

  387 

Technical research.  Studies will be done to improve the efficiency of growing, mating, and 388 

storing the stocks, providing results that help the genebank and our clients.  [We will... 389 

investigate media alternatives and drip irrigation.... continue to systematically test bridge-390 

crossing techniques to bring S. jamesii and similar primitive diploids into the breeding pool... 391 

continue breeding toward an ideal universal diploid cultivated tuberosum parent for introgressing 392 

diploid exotic wild germplasm... test methods of in vitro embryo rescue.] 393 

 394 

Records.  Maintain local data records and those on-line in GRIN and Intergenebank databases 395 

[We will make photographs and tissue samples of the field tubers of the cultivar collection and 396 

post them online.  We will keep the PCGC Vulnerability Statement document updated and create 397 

a Best Management Practices document for genetically modified potato stocks.] 398 

 399 

Evaluate germplasm.  Continue screening and characterization for novel traits and novel 400 

applications of exotic germplasm.  [We will do additional cooperative evaluation and 401 

development work on traits discovered/developed in the past project term:  anti-appetite and anti-402 

cancer chemicals; nematode, Dickeya, Pseudomonas, CPB, bacterial wilt and Zebra chip 403 

resistance; tuber calcium, frost tolerance.]   404 

 405 

Deliver germplasm and services.  Continue the rapid delivery of high quality germplasm and 406 

information.   Continue to advise on selection of research germplasm, and the most appropriate 407 

forms and techniques by which to study or hybridize it.  We will continue to produce custom 408 

hybrids and form to meet the specialized needs of customers.  We will continue to invest time in 409 

keeping “in touch” with the science by studying the literature, training students, participating in 410 
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professional societies and collaborating with many state and federal potato researchers in the US 411 

and with our counterparts in potato genebanks abroad.   412 

 413 
b. MANAGEMENT & BUDGET (see Appendices E&F for details) 414 

 415 

Human resources.  Project direction will be accomplished through a Technical Advisory 416 

Committee and USDA/ARS National Plant Germplasm System leadership.  Local administration 417 

is by the ARS Project Leader, ARS and UW staff and associated ARS scientists and 418 

administration at Madison. We will:  Manage staff time and budget to maximize efficiency and 419 

flexibility.  Strive to make prudent decisions on what we should do in-house and what should be 420 

contracted or purchased.  Direct experienced base staff to tasks requiring technical expertise and 421 

reserve routine work for part-time staff.   Hold regular group meetings to make sure the team is 422 

working together cooperatively and safely.  Conduct annual self-review of overall project 423 

progress each year with local staff, and individual staff performance evaluations.  Hold TAC 424 

meeting on-site every other year to report, tour facilities, provide “face time” with all local staff, 425 

and solicit management input from national experts.  Each year prepare the Annual Report (see 426 

Appendix C), UW Hort Department Professional Activity Report, and ARS Performance Plan 427 

Appraisal, as ways to invite feedback on methods, focus and management.   428 

 429 

ARS contributions.  Associated base research budgets from ARS scientists and various sources 430 

of outside grant funds also support technical research, labor, supplies and equipment that directly 431 

enhance NRSP6 service.  See Appendix F for details of structure and contributions.  ARS 432 

administration costs at the Midwest Area and National Levels are also significant.  USDA/ARS 433 

and USDA/APHIS also provide data management services through GRIN, and for quarantine, 434 

respectively. 435 

  436 

University of Wisconsin contributions.  The University of Wisconsin Department of Horticulture 437 

(HORT) will provide lab and office space for on-campus R&D that supports the NRSP6 service, 438 

with administrative and secretarial support for Madison personnel provided jointly by ARS and 439 

HORT.  The University of Wisconsin Peninsula Agricultural Research Station at Sturgeon Bay 440 

(PARS) will continue to be the headquarters of NRSP6.  PARS will contribute much of the 441 

needed facilities and associated resources:  10 greenhouses, 5 large screen houses, office and 442 

storage buildings, two labs, field plots, travel and farm vehicles, security and maintenance, 443 

utilities (including the major input of heat and light for greenhouses), plus some secretarial 444 

service.  We will also use greenhouse and field resources at remote locations with cooperators at 445 

the UW-Hancock field station.  HORT also provides administration of personnel for local state 446 

employees and graduate students associated with the genebank.  UW provides accounting 447 

services for the NRSP6 budget. 448 

 449 

Grants and Collaborators.  ARS scientists will continue to seek grants and engage numerous 450 

state, federal, international, and industry collaborators who contribute expertise, facilities, 451 

equipment and funds to joint projects of mutual interest.  Project Leader will continue as 452 

chairman of the Crop Germplasm Committee, which provides ~$10K in germplasm evaluation 453 

funds each year, expressly intended for evaluation of NRSP6 genebank stocks. 454 

 455 
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No fees for service.  Charging fees for services has been suggested several times in the past, but 456 

always determined to be impractical and counterproductive because implementation would be 457 

costly and complicated, it would depress germplasm distribution and use, and, it would 458 

contradict USDA policy of free exchange and perhaps inhibit donations of germplasm to NRSP6.  459 

 460 

MRF contributions.  NRSP6 is the NPGS working genebank for the top vegetable, so is 461 

perpetual in nature and national in scope.  About 37% of germplasm distributions go to SAES 462 

scientists.  For 70 years, the important elements of funding and administration for NRSP6 have 463 

developed as a partnership of SAES, USDA/ARS, and UW.  Continued significant funding and 464 

technical/administrative inputs on a multistate basis are seen as necessary to keep this 465 

partnership healthy and maintain this project’s impact and efficiency. 466 

 467 

Industry contributions:  Gifts from private companies prove the practical value of NRSP6, and 468 

keep us tuned to the needs of the industry.  Such gifts totaled about $44K in the past 5 years. 469 

Robust support of this kind will continue to be sought.  470 

  471 

c.  BUSINESS PLAN  472 

 473 
Plan:  The FY21-25 budget proposal is to continue at a base $150K per year.   See budget tables 474 

and background in Appendices E and F for details. 475 

 476 

d.  INTEGRATION 477 
 478 

There is a close working relationship among the genebank participants (ARS, PARS, UW).  In 479 

brief:  The Project leadership is composed of ARS employees who must interact with ARS 480 

administration and be subject to performance evaluation related to NRSP6 service appointments.  481 

ARS administration is part of the NRSP6 TAC.  PARS provides the physical location of NRSP6, 482 

and coordination between the objectives of the two programs takes place on a daily basis.  Local 483 

NRSP6 staff are both UW and ARS employees.  Part time staff are UW.  ARS staff share 484 

equipment and participate in cooperative research with their state HORT peers.  Thus, the UW 485 

HORT potato research program is fully engaged in NRSP6 project activities pursuant to the 486 

enhancement of NRSP6 service.  NRSP6 has led the effort to coordinate the activities of world 487 

genebanks through the Association of Potato Intergenebank Collaborators (APIC).  NRSP6 is a 488 

fully-engaged member of the National Plant Germplasm System.  Staff attend all meetings of the 489 

advisory committee for genebank directors (PGOC) and the committee for the national 490 

germplasm management database (GRIN).  NRSP6 staff are fully engaged in state potato 491 

programs.  We participate in scientific, grower meetings, and field days and conduct 492 

collaborative research with a view to better understanding the needs of the industry and getting 493 

input regarding how NRSP6 can meet them.  NRSP6 maintains email contact with 501 active 494 

cooperator/germplasm users, a 17% increase over the past project term. 495 

 496 

e.  OUTREACH, COMMUNICATION and ASSESSMENT  497 
 498 

Audience and visibility.  The primary recipients of our service are breeders and the scientists 499 

doing research that supports breeding.  We also serve researchers seeking to optimize germplasm 500 

management, and home gardeners and non-professional botanists.  We have a general 501 
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educational outreach through brochures, website, and popular press.  NRSP6 staff routinely give 502 

tours, talks to public school classes and other groups.  We give advice on germplasm use 503 

technology, or in personal correspondence associated with germplasm orders or cooperative 504 

research and evaluation projects.   505 

 506 

NRSP6 staff: 507 

 508 

Attract publicity in popular media and communicate to scientists through published 509 

scientific research papers involving NRSP6 germplasm. 510 

 511 

Make collaborative partnerships with high-profile national and international potato experts 512 

and contribute to scientific meetings. 513 

 514 

Serve in leadership roles in potato research associations and journals (Potato Association of 515 

America, American Journal of Potato Research, Crop Germplasm Committee).  516 

 517 

Establish an email group and website to keep in regular contact with germplasm users and 518 

participate fully with GRIN. 519 

 520 

Extend global outreach and awareness of NRSP6 through involvement in the Association of 521 

Potato Intergenebank Collaborators (APIC) and international cooperators on an ad hoc 522 

basis. 523 

 524 

Train Summer Undergrad Student Interns on mini-research projects and general operations 525 

of a genebank.  Some such work leads to formal publications.   526 

 527 

Engage stakeholders.   NRSP6 established an email group and offers stocks and services 3-4 528 

times per year.  We will continue to ask Potato Assn of America Breeding and Genetics section 529 

members for suggestions on how to improve service each year.  Regional Tech reps annually poll 530 

germplasm recipients about satisfaction with service.  As CGC chair, Project Leader must survey 531 

germplasm evaluation needs.  We correspond meaningfully with recipients of each order to 532 

make sure their needs were completely met, ask for suggestions or other ways we could improve 533 

service.  534 

 535 

Method to measure accomplishments and impacts.  The most important documented evidence 536 

with which to measure impact is the advance of practical knowledge about germplasm reflected 537 

by formal research publications using NRSP6 stocks and the presence of exotic germplasm in 538 

pedigrees of new cultivar releases (that practical knowledge transformed into a better crop).  539 

NRSP6 publications and uses of stock in new cultivars is documented in Appendix B.   540 

 541 

Communication pieces.   Locally generated brochures, web pages, posters at meetings.   542 

 543 

Mechanisms for reporting.  Annual Report, notes of accomplishments and plans in preliminary 544 

pages of annual Budget Requests, and TAC meeting minutes are on the web.  NRSP6 has always 545 

had the philosophy that the best and only way to catch the attention of germplasm users, 546 

communicate effectively with them, and understand their needs is to become their peers by being 547 
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germplasm users ourselves and vigorously participating in all aspects of the science, including 548 

formal research that culminates in publication in peer-reviewed journals.  See Appendix B for 549 

further details. 550 

 551 

 552 

 553 

554 
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APPENDICES -- Figure 1.   555 

How does NRSP6 pertain as a national issue?  556 

Potato production value in $M for states (2018) 557 

 558 
From Potato Statistical Yearbook 2019 p. 66 559 
 560 
WR =  2356 =   61% 561 
NCR =  1078 =   28% 562 
NER =    218 =    ~6% 563 
SR =    212 =     6% 564 
======================== 565 
Total = 3,854 =  100% 566 
 567 

 568 

 569 
APPENDIX A.  Enabling technologies and services accomplished in the past project term 570 

 571 

A1.  Acquire new germplasm (including five collecting trips to southwest USA organized and 572 

led by Project staff),  FY15-19. 573 

 574 

  Foreign donated clones 82 575 

  USA wild species collections 107 576 

   Total 189 577 

 578 

579 
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A2.  Classify:  NRSP6 potato taxonomy (new GRIN taxonomy screenshot) 580 

 581 

 582 

583 
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A3. Preserve seed populations and in vitro clones 584 

 585 

 Botanical seed populations 586 

  90 wild species 4,044 587 

   3 cultivated species 1,049 588 

   Total  5,093 589 

 590 

 In vitro clones 591 

  Named commercial cultivars 299 592 

  Primitive Andean cultivars 68 593 

  Genetic Stocks 94 594 

  Breeding Stocks 274 595 

   Total  735 596 

 597 

   Grand Total  5,828 598 

 599 

Seed increases (grow families of 20 parents in greenhouse, hand intermate 6-8 times, harvest 600 

berries, process and store seeds) = 1,074 601 

 602 

Tissue culture maintenance transfers (take a nodal cutting from stock tube, transfer it to a tube 603 

with new media to revitalize) = 37,080 604 

 605 

Supporting quality tests:  ID growouts (field plants to confirm offspring are true to parental type) 606 

= 854, Virus and viroid tests = 4,768, Germination = 7,769, Viability (Tetrazolium) = 607 

167, Ploidy = 151, and thousands of field plot characterizations. 608 

 609 

 610 

 611 

612 
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A4.  Distribute:  Number of units and orders to SAES scientists FY15-19 by state and region1 613 

 614 
1Plus 29 Foreign countries received 13,164 units in 84 orders, and 615 

     USDA/ARS scientists received 8,772 units in 223 orders 616 

Total units distributed increased 54% over the previous 5-year project. 617 

 618 

 619 

5-year State recipients (FY15 - 19) 

   
   

 UNITS ORDERS 

 35291 798 
46 states, non-USDA   
Alabama 2 1 
Alaska 42 4 
Arizona 496 3 
Arkansas 22 3 
California 1724 57 
Colorado 800 40 
District of Columbia 13 3 
Florida 937 31 
Georgia 770 8 
Hawaii 228 3 
Idaho 880 36 
Illinois 13 4 
Indiana 219 17 
Iowa 6770 43 
Kentucky 436 15 
Louisiana 18 3 
Maine 246 8 
Maryland 67 9 
Massachusetts 276 6 
Michigan 1307 56 
Minnesota 2551 19 
Mississippi 1 1 
Missouri 147 20 
Montana 3 1 
Nevada 10 4 
New Hampshire 51 1 
New Jersey 38 9 
New Mexico 2540 11 
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New York 3949 46 
North Carolina 279 26 
North Dakota 29 5 
Ohio 94 9 
Oklahoma 49 4 
Oregon 256 15 
Pennsylvania 149 14 
Rhode Island 161 9 
South Carolina 20 6 
South Dakota 12 2 
Tennessee 167 14 
Texas 983 47 
Utah 564 8 
Virginia 52 9 
Washington 1759 30 
West Virginia 11 3 
Wisconsin 6146 134 
Wyoming 4 1 

 620 

 621 

By region: 622 

 623 

 624 

 625 

 626 

 627 

 628 

629 

Region Units Orders 

NC 17288 309 
NE 4950 105 
S 3747 171 
W 9306 213 
Total 35291 798 
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A5.  Evaluate:  General approach to mining the NRSP6 germplasm 630 

 631 
 632 

 633 

 634 

 635 

 636 

 637 

 638 
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APPENDIX B.  Outreach and impact accomplished in past project term  639 

 640 

Kept NRSP6 genebank website, GRIN database, Intergenebank Database up-to-date 641 

Annual Technical Committee meetings organized = 5 642 

Led American Journal of Potato Research as Editor in Chief (until 2019) 643 

Led Potato Crop Germplasm Committee as Chairman including organizing grants 644 

Foreign visitors hosted = 53, Domestic visitors hosted = many 645 

Undergrad Summer Student Interns trained = 6 646 

 647 

Information dissemination.  Scholarly publications below from NRSP6 staff.  An additional 765 648 

publications by other users of NRSP6 stocks were cited in the annual reports of the past 649 

project term.  650 

 651 

Bamberg publications from past 5 years.   Full list at.... 652 
 https://horticulture.wisc.edu/wp-content/uploads/sites/20/2019/01/John-Bamberg-CV.pdf 653 

 654 
Kramer, L.J. and John Bamberg.  2019.  Comparing Methods of Ploidy Estimation in Potato (Solanum) 655 
Species.  American Journal of Potato Research 96:419 656 
 657 
Bamberg, JB, and G Greenway.  2019  Nutritional and Economic prospects for expanded potato outlets.  658 
American Journal of Potato Research 96:206-215. 659 
 660 
Bali, S., BR Robinson, V Sathuvalli, JB Bamberg, and A Goyer.  2018.  Single nucleotide polymorphism 661 
markers associated with high folate content in wild potato species.  PloS ONE. 2018 Feb 662 
23;13(2):e0193415. doi: 10.1371/journal.pone.0193415. 663 
 664 
Graebner, RC, CR. Brown, RE Ingham, CH Hagerty, H Mojtahedi, RA Quick, LL  Hamlin, N Wade, JB 665 
Bamberg, and V Sathuvalli.  2018.  Resistance to Meloidogyne chitwoodi identified in wild potato 666 
species.  American Journal of Potato Research 95:679-686. 667 
 668 
Bamberg, J.B.  2018.  Diurnal alternating temperature improves germination of some wild potato 669 
(Solanum) botanical seedlots.  American Journal of Potato Research 95:368-373. 670 
 671 
Bamberg, JB, del Rio, A, Jansky, J and Ellis, D.  2018.  Ensuring the genetic diversity of potatoes.  In:  672 
Achieving sustainable cultivation of potatoes No. 26, Vol.1 (Ed. Prof. Gefu Wang-Pruski).  Burleigh-673 
Dodds Science Publishers. Chapter 3, pp 57-80. 674 
 675 
Bamberg, JB, CJ Fernandez, and AH del Rio.  2017.  Extra soil fertilization of mother plants increases 676 
botanical seed yield but not long-term germination in wild Solanum (potato) species.  American Journal of 677 
Potato Research 94:583-587. 678 
 679 
del Rio A.H., Obregon C., Bamberg J.B., Petrick J., Bula R., de la Calle F. 2017.  Validation of high-680 
quality potato seed production protocol under controlled conditions (CETS System) in cultivated potato 681 
species (Solanum tuberosum L.). ALAP Journal 21(2): 71-78. 682 
 683 
Cooper, R., and JB Bamberg.  2016.  Variation in susceptibility to potato psyllid, Bactericera cockerelli 684 
(Hemiptera: Triozidae), among Solanum verrucosum germplasm accessions.  American Journal of Potato 685 
Research 93:386-391. 686 
 687 

https://horticulture.wisc.edu/wp-content/uploads/sites/20/2019/01/John-Bamberg-CV.pdf
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Bamberg, JB, A. H. del Rio, D. Kinder, L. Louderback, B.Pavlik, and C.Fernandez.  2016.  Core 688 
Collections of potato (Solanum) species native to the USA. American Journal of Potato Research 93:564-689 
571. 690 
 691 
Bamberg, JB and A. H. del Rio.  2016.  Accumulation of genetic diversity in the US Potato Genebank.  692 
American Journal of Potato Research 93:430-435. 693 
 694 
Bamberg, J.B., Martin, M.W., Abad, J., Jenderek, M.M., Tanner, J., Donnelly, D.J., Nassar, AM.K., 695 
Veilleux, R.E., Novy, R.G.  2016.  In vitro technology at the US Potato Genebank. In Vitro Cellular and 696 
Developmental Biology – Plants 52:213-225.  697 
 698 
Bamberg, JB, AH del Rio and RA Navarre.  2016.  Intuitive Visual Impressions (Cogs) for Identifying 699 
Clusters of Diversity within Potato Species.  American Journal of Potato Research  93:350-359. 700 
 701 
Jansky, S.H., Charkowski, A.O., Douches, D.S., Gusmini, G., Richael, C., Bethke, P.C., Spooner, D.M., 702 
Novy, R.G., De Jong, H., De Jong, W.S., Bamberg, J.B., Thompson, A.L., Bizimungu, B., Holm, D.G, 703 
Brown, C.R., Haynes, K.G., Sathuvalli, V.R. et al.  2016.  Reinventing potato as a diploid inbred line-704 
based crop. Crop Science 56:1-11. 705 
 706 
Chung, Y.S., Palta, J., Bamberg, J., Jansky, S.  2016.  Potential molecular markers associated with tuber 707 
calcium content in wild potato germplasm. Crop Science 56(2):576-584.  708 
 709 
Bruce R. Robinson, Vidyasagar Sathuvalli, John Bamberg, and Aymeric Goyer.  2015.  Exploring Folate 710 
Diversity in Wild and Primitive Potatoes for Modern Crop Improvement. Genes (Basel). 2015 Dec 711 
8;6(4):1300-14. 712 
 713 
Bamberg, J., Moehninsi, R. Navarre, and J. Suriano. 2015.  Variation for Tuber Greening in the 714 
Diploid Wild Potato Solanum microdontum. American Journal of Potato Research 92:435-443. 715 
 716 
Hardigan, M., J Bamberg, C Robin Buell and D Douches.  2015.  Taxonomy and genetic 717 
differentiation among wild and cultivated germplasm of Solanum sect. Petota.  The Plant Genome 718 
8:1:16.  719 
 720 
Bamberg, JB, A del Rio, J Coombs and D Douches.  2015.  Assessing SNPs versus RAPDs for 721 
predicting heterogeneity in wild potato species.  American Journal of Potato Research 92:276-283.  722 

 723 

 Publications of associated ARS staff... 724 

Spooner: https://horticulture.wisc.edu/faculty-profiles/spooner-publications/ 725 

 Jansky:  https://horticulture.wisc.edu/faculty-profiles/jansky_publications/  726 

 727 

728 

https://horticulture.wisc.edu/faculty-profiles/spooner-publications/
https://horticulture.wisc.edu/faculty-profiles/jansky_publications/
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NRSP6 impact report 729 
 730 

In recent years breeders have engaged in the revolutionary remaking of potato as a diploid inbred 731 

crop.  This is only possible because haploidizing technology and selfing mutants were both 732 

discovered in NRSP6 germplasm-- by NRSP6 staff.  And NRSP6 further supported the effort in 733 

the current project term by importing valuable new stocks and testing techniques.  The ploidy 734 

manipulation technique that resulted in Yukon Gold was also developed with NRSP stocks--by 735 

NRSP6 staff.  Wisconsin cooperators isolated and incorporated the gene providing durable 736 

resistance to late blight from a wild species that had been collected in Mexico and preserved and 737 

studied in the genebank long before its potential was recognized.  Washington state collaborators 738 

incorporated potent nematode resistance.  In 2017, Idaho collaborators reported incorporation of 739 

resistance to greening (responsible for 10-15% waste)-- discovered by NRSP6 staff.  Cooperators 740 

used NRSP6 stocks to develop breeding stocks resistant to verticillium and scab, and donated 741 

those back to the genebank.  NRSP6 staff helped Oregon State researchers identify germplasm 742 

with high folate and resistance to nematodes.  We produced custom hybrids and propagules to 743 

help Industry partners breed lines with much greater levels of an anti-appetite compound aimed 744 

at reducing obesity.  At least 70% of named US cultivars have our exotic germplasm in their 745 

pedigrees.  For example, in Wisconsin, of the past 8 cultivar releases from the breeding program, 746 

6 have wild species germplasm as parents obtained directly from NRSP6 (see detail below).  747 

NRSP6 staff bred cold tolerant families from which a new cultivar, Wiñay, was released in 2018 748 

in Peru.  Sequencing the potato genome depended on the use of genetic stocks from NRSP6 749 

developed by cooperators at Virginia Tech.  The revolutionary intragenic Innate potato lines 750 

from Simplot in Idaho were developed through the use of exotic germplasm from NRSP6.  Two 751 

new potato pests—Zebra chip and Dickeya--  have become very serious in recent years.  In the 752 

current NRSP6 project, we are cooperating with state and federal scientists in Colorado, Texas, 753 

New York, and Washington state, screening for and finding potent resistance in exotic 754 

germplasm from NRSP6.  Folate deficiency causes severe birth defects.  With help of NRSP6 755 

staff, state scientists from Oregon identified wild species selections and custom hybrids available 756 

only from NRSP6 with high folate and a way to make screening for folate much easier.  All these 757 

advances would not have been possible using germplasm in the common breeding pool.  They 758 

needed to be accessed from exotic germplasm.  And that exotic germplasm is only available in 759 

the USA from NRSP6.  The use of NRSP6 germplasm by stakeholders has been very robust in 760 

the past, increasing knowledge and breeding products that have had a great positive impact on 761 

the crop-- and this process is increasing in the current project term.  762 

 763 

US cultivars with NRSP6 species in their pedigrees 764 
Excerpts from NRSP6 Annual Reports 765 

 766 

Recent cultivar releases: Yukon Gem (2010) Classic Russet (2010), Clearwater Russet (2010), 767 

Alta Crown (2011), Cooperation-88 (2011), Alpine Russet (2011), Sentinel (2013), Huckleberry 768 

Gold (2014), Teton Russet (2014), Elkton (2014), M7 Germplasm Release (2014), AmaRosa 769 

(2012), Purple Pelisse (2012), Owyhee Russet (2012), Palisade Russet (2012), Saikai 35 (2012). 770 

They all have NRSP6 exotic germplasm in their pedigrees, including species S. andigena, 771 

acaule, chacoense, demissum, infundibuliforme, phureja, and vernei.  Clearwater Russet released 772 

by Tri-state program as recently been accepted by McDonalds and the acreage has been 773 

increasing. NRSP6 played a significant role in development of this variety. 774 
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 775 

New cultivars and releases published this year:  Germplasm releases for Early blight resistance, 776 

Sierra Rose (2015), and Peter Wilcox (2015). They all have NRSP6 exotic germplasm in their 777 

pedigrees, including species S. andigena, phureja, stenotomum, palustre, bulbocastanum, 778 

stoloniferum, edinense. 779 

 780 

The cultivars published this year (2016) in American Journal of Potato Research are Targhee 781 

Russet, Igorata, Yukon Nugget.  They all have exotic germplasm from NRSP6 in their pedigrees:  782 

S. phureja, stenotomum, speggazzinnii, raphanifolium, demissum, vernei 783 

 784 

From the 2018 Annual Report:  At least 70% of named US cultivars have our exotic germplasm 785 

in their pedigrees. For example, in Wisconsin, of the past 8 cultivar releases from the breeding 786 

program, 6 have wild species germplasm as parents obtained directly from NRSP6.  Each of the 787 

three US cultivars published in 2017 in American Journal of Potato Research, Lamoka, Sage 788 

Russet, and Payette Russet have exotics S. chacoense, demissum, and andigena in their 789 

pedigrees. 790 

 791 

Reveille Russet (2018) has wild species S. acaule from NRSP6 in its pedigree. 792 

 793 

Castle Russet (pending) has germplasm introgressed from Solanum vernei, S. chacoense and S. 794 

stoloniferum, is resistant to PVY, CRS, PMTV, coldsweetening and is one of the six clones (one 795 

of the two from U.S. the other being Atlantic) selected for PanGenome sequencing. 796 

 797 

 798 

799 
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APPENDIX C.  Sample (2019) Annual Report (see links on genebank website) 800 

APPENDIX  D.  Administration and participation  801 

 802 

COOPERATIVE AGENCIES AND PRINCIPAL LEADERS 803 

 804 

State Agricultural Experimental Stations                             Representative 
  
Technical Representatives   
  
Southern Region                                   C. Yencho  
Western Region                                     D. Holm 
North Central Region                            D. Douches    
Northeastern Region                              W. De Jong 
  
Administrative Advisors 805 

  
Southern Region  J. Meullenet  
Western Region                                         J. Loper    
North Central Region                           Lead  AA       B. Barker 
Northeastern Region  F. Servello 

 806 

United States Department of Agriculture   807 

 808 

ARS 
 

 

Technical Representative                     Chair (2020) R. Novy 
National Program Staff P. Bretting 

J. Munyaneza 
Midwest Area 

 
JL. Willett & P. Simon 

NIFA  
 

E. Kaleikau & L-S Lin 

APHIS 
 

R. French 

NRSP-6 Project Leader  J. Bamberg 
 809 

 810 
Agriculture & Agrifood Canada      B. Bizimungu    

 811 

Industry                                                            Chair (2019)    J. Parsons 
 812 

*Full contact information at: https://www.ars.usda.gov/midwest-area/madison-wi/vegetable-crops-813 
research/people/john-bamberg/administrative-reports-cgc/ 814 

 815 

 816 

817 

https://www.ars.usda.gov/midwest-area/madison-wi/vegetable-crops-research/people/john-bamberg/administrative-reports-cgc/
https://www.ars.usda.gov/midwest-area/madison-wi/vegetable-crops-research/people/john-bamberg/administrative-reports-cgc/
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Participation 818 

 819 

Administrative and technical participation in NRSP6 is configured as per the first section of this 820 
appendix.  Those individuals represent all of their respective SAES directors and germplasm users, 821 
as well as USDA/APHIS, -ARS, -NIFA, and Canada.  Although not official participants, private 822 
industry is always represented at annual meetings and communications to the TAC.   823 
 824 
In addition, the RESOURCES and INTEGRATION sections of this document detail how local 825 
USDA/ARS and University of Wisconsin staff play a special participatory role in enhancing 826 
NRSP6 service.   827 
 828 
Concerning international support, NRSP6 partners with foreign scientists and foreign genebanks in 829 
various contexts like collecting; technical exchanges, training & research; data management.   830 
 831 
Finally, the multitude of germplasm users (represented in the distributions and publications data 832 
presented in Appendix A) may be considered participants since they use raw NRSP6 germplasm to 833 
create new breeding stocks and publish results of studies, all which eventually cycle back through 834 
NRSP6 to enable and inform germplasm use by future germplasm users.  835 
 836 
 837 

838 
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 839 

APPENDIX E. 840 

 841 

History, Rationale for Budget, and Response to Outside Reviewer comments 842 

 843 

-- Summary 844 

 845 
The decision to fund FY16-20 at its onset included the proviso “... require committee to 846 

investigate alternative funding models & report back to NRSP-RC at midterm review.” 847 

 848 

We did a thorough investigation of the history, current status, and rationale of the project 849 

funding, partnership structure, need for its service, and impact.  We did not find any new factors 850 

in these areas that indicate changing to an alternate model would improve upon what has been 851 

working well for 70 years.   852 

 853 

Regardless, we did do a thorough investigation of all potential alternate sources of funds.  We 854 

concluded that there are no other substantial and stable alternate contributors ready to take the 855 

place of the current OTT funding as NRSP6. 856 

 857 

Considering the above, the only viable option for this FY21-25 project proposal was to request 858 

continuing the current funding for NRSP6.  We are content with proposing flat funding again, 859 

although this continues the 25-year pattern of serious transitioning away from state 860 

support. Twelve leaders including SAES, ARS, and industry potato breeders; RPIS and 861 

international germplasm managers and developers; potato farmers; and senior NIFA officials 862 

reviewed it.  Most of them specifically remarked that transition to alternate funding appears to be 863 

impractical and requiring it would damage the program, so unanimously recommended 864 

continuing the status quo $150K budget.  865 

 866 

 867 

 868 

869 
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History, Rationale for Budget, and Response to Outside Reviewer comments 870 

 871 

-- Details 872 
 873 

Five years ago, the decision by the directors to approve NRSP6 for FY16-20 included a proviso 874 

that we investigate alternate funding.  We did our best to comply.  Project staff promptly and 875 

thoroughly assessed the history and status of NRSP6 and provided arguments for why NRSP 876 

support still appears to be appropriate.  After all, NRSP Guidelines clearly say that not all 877 

projects must be temporary.  The RC did not acknowledge or rebut those arguments.  Project 878 

staff did also investigate all options for alternative sources of support from ARS, industry, NIFA 879 

special grants, even scouted various scenarios for reconfiguring SAES’s own contributions.  We 880 

reported the results to the RC along with an analysis of the expected consequences of various 881 

increments of shortfalls of compensating support.  Unfortunately, the RC found this report 882 

unsatisfactory as well.  We made every effort to engage our Administrative Advisors to be 883 

informed advocates for the project, encouraging them to respond to emails and attend our annual 884 

meetings.  We proposed that project staff go in person to regional meetings to help our AAs pitch 885 

the merits of the project to their peers.   886 

 887 

What kind of projects would qualify as being ongoing (not temporary)?  The answer to that 888 

should be straightforward:  The ones that are still doing good work that is still needed.  And the 889 

ones from which SAES expects continuing irreplaceable service.  That is one of the most pointed  890 

problems with proposing to treat the genebank like an expiring grant...  SAES scientists will still 891 

need exotic potato germplasm after FY20, and cannot start creating it for themselves, and cannot 892 

get it from anywhere else.  Moreover, we cannot decide to stop funding the maintenance of these 893 

living organisms for a few years to see if we have regrets-- they will be dead.  This leads us to 894 

the conclusion that NRSP6 qualifies as a project deserving ongoing funding.  Twelve leaders in 895 

SAES, ARS, and industry potato breeders; RPIS and international germplasm managers and 896 

developers; potato farmers; and senior NIFA officials reviewed the proposal and agreed.  Most 897 

of them specifically remarked that requiring a transition to alternate funding was impractical and 898 

would damage the program, so unanimously recommended continuing the status quo $150K 899 

budget.  900 

 901 

Despite a prompt and comprehensive search, we have not found alternative sources of size and 902 

stability to substitute for NRSP6.  Reviewers agree that the project is efficient, productive, and 903 

the decades-long flat budget and other attrition has already required substantial transitioning 904 

such that $150K should be considered an appropriate baseline minimum contribution by ESS. 905 

 906 

A decision to remove the genebank from NRSP funding has several serious objections:  1) after 907 

working well for so many years, the argument that the status quo is already a reasonable 908 

minimum deserves a fair test as the null hypothesis to be overtly disproven if it is wrong, 2) we 909 

will be repeating a course that was started but repented of as a mistake in the recent past, 3) it 910 

would be ignoring the unanimous wisdom of the expert external reviewers, 4) we have found no 911 

major non-SAES alternate sources willing and able to compensate for SAES support, and 5) 912 

again, SAES scientists expect to keep getting robust germplasm service, but the funds to sustain 913 

that would be missing if NRSP6 funding was lost. 914 

 915 
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The most prudent approach is to present directors with the arguments below for continuation of 916 

the long term $150K status quo as an ongoing maintenance baseline.  If the status quo is 917 

rejected, we request a contingency approval of $150K for FY21 and tasking the RC and SAES in 918 

potato states/regions to create an alternate funding consortium from within the SAES system to 919 

continue that level for FY22-25.  This would be appropriately scouted, negotiated and enacted by 920 

SAES who know best what they want to replace NRSP6.  Note that reviewer Dr. Thro, an 921 

experienced NIFA leader agreed that this is beyond the authority and responsibility of the project 922 

staff. 923 

 924 

We should be able to agree that it is not good business to just rip out an old fence-- first you fully 925 

investigate why it was put there.  This is what we understood the directors’ mandate said was to 926 

be investigated.  To do this, the history of the NRSP6 alternate funding needs to be 927 

acknowledged.  Fifteen years ago, the RC decided to rip out the NRSP6 fence exactly as is being 928 

proposed now, but eventually regretted and reversed course, essentially apologized to project 929 

staff for making a hasty decision, rebuilt the project, and set up the NPGCC as a guard to make 930 

sure the same mistake would not be repeated.  If this is to be repeated, an explanation of how the 931 

current situation is different is naturally expected. 932 

 933 

On the other hand, there are good arguments for the status quo.  The US Potato Genebank 934 

(USPG) is appropriate as an OTT project by ESS own admission.  The ESCOP website includes 935 

NPGCC documents arguing for SAES support of the nation’s germplasm in the RPIS and 936 

NRSP6.  If ESCOP wanted to reduce its investment in crop germplasm, why single out potato?  937 

If NRSP6 is dropped, presumably SAES will continue to support tomatoes, onions, pea, carrot, 938 

sweet potato, sweet corn, peanuts, broccoli, all with much less crop value, consumption, 939 

breeding activity and germplasm than potato, the nation’s most important vegetable crop, with 940 

state and federal breeders and researchers in every region who use germplasm heavily.  The 941 

genebank collection has grown in size, and is filling an increasing need of state scientists on a 942 

budget that has been flat since it became an NRSP in 1990.  USPG set the model of OTT funding 943 

as the first inter-regional project, IR-1, started in the late 1940’s.  ESCOP started NRSP6 with a 944 

view to making the RPIS into NRSPs too.  As late as 2009, ESCOP’s own documents again say 945 

that option could be appropriate.  States should remember that they have a USDA/ARS partner in 946 

supporting the nation’s germplasm activities and policies.  Indeed, ARS spends the same kind of 947 

national OTT money at the same places doing the same kinds of tasks.  So, seeing that ARS has 948 

never questioned the propriety of contributing perpetual funding to USPG, why would any other 949 

partner of the genebank think their contribution should be appropriately categorized as a short-950 

term start-up grant?  This FY21-25 project proposal was reviewed by a broad spectrum of 951 

leading experts who unanimously agree that the current NRSP6 funding model should be 952 

continued. 953 

 954 

With such convincing evidence supporting continuation of NRSP6, why is it resisted?  During 955 

the course of this investigation we detected these arguments: 956 

 957 

• NRSP6 funding mechanism is odd 958 

• NRSPs must be temporary 959 

• ARS, Industry, or fee-for-service should take over 960 

• OTT funds are not available for continued flat funding 961 
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 962 

Is the odd funding mechanism for the NRSP6 genebank a problem?  This is persistently noted by 963 

the RC, project AAs; NPGS, ARS, EDs and NIFA leadership.  Yes, it is true that NRSP6 is the 964 

only national OTT germplasm project.  But the unspoken implication that things would somehow 965 

be made right if NRSP6 was eliminated does not follow at all.  If you had four daughters (the 966 

RPIS), but only one son (NRSP6), your son would be singularly different.  But it would never 967 

occur to you that he ought to be thrown out of the family and transition to someone else’s 968 

responsibility to raise.  The RC acknowledges that NRSP6 is a good program.  Genebanks are 969 

long-term projects suitable to public funding.  If we claim there is something wrong with “odd” 970 

OTT for the potato genebank we have to explain why ESCOP at various times thought all RPIS 971 

should also be OTT NRSPs.  The particular name and the particular funding mechanism is not 972 

the important point to focus on. The important point is that the potato genebank is conceptually 973 

just like the RPIS regional genebanks, for which arguments for the need for ongoing state 974 

support are widely accepted.  975 

We sometimes hear the argument that potato is odd because it is not wholly ARS-976 

supported like cotton, pecan, small grains, and soy that do not have a corresponding multistate 977 

project.  But this rationale is like the guy who sees he is getting the long end of the stick, and 978 

wonders why not the whole stick.   979 

The argument is sometimes given that NRSP6 is odd because there is not an equitable 980 

cost/benefit among the states and regions.  But if that is a problem, we will also have to rework 981 

the RPIS system, which we showed (in the NRSP6 crisis of 2004) is also far from equitable.  982 

Then we will have to rework Hatch itself, which very inequitably redistributes funds among 983 

states.  NRSP6 is not really odd in having different cost/benefit among states. 984 

 985 

Are all NRSP projects required to be temporary?  About a decade ago, ESCOP decided to 986 

(generally) make OTT NRSP projects temporary startups like short-term grants, the opposite of 987 

the original intent.  That changed the rules of the game, ironically making NRSP6 ineligible to 988 

play after being a highly-regarded charter member of the team for decades.  The IR-1 genebank 989 

was funded OTT for 40 years before NRSPs were invented, with never a thought that it was a 990 

temporary arrangement.  National genebanks are squarely in the category of ongoing government 991 

services.   No other genebank we know of, whether RPIS, US federal, or foreign were start-up 992 

grants that eventually became self-sustaining businesses.  Surely the directors who included this 993 

phrase, “NOTE: Not all projects can be transitioned to other funding sources and, if the project 994 

meets an ESCOP priority, the project may continue with off-the-top funding.” in the current 995 

NRSP guidelines had NRSP6 in mind. 996 

 997 

ARS and/or Industry or fee-for-service should take over.  If states walk away from the 998 

partnership, either the genebank service will be crippled or the other partners, ARS and Industry, 999 

will need to take up the slack.  What is the outlook?    1000 

 1001 

USDA/ARS.  The ARS partner is already contributing over three times as much as SAES, with 1002 

never a hint that state scientist recipients are considered second class.  Again, states are already 1003 

clearly getting the long end of the stick.  ARS has a policy of generosity and free germplasm 1004 

sharing that will not change regardless of what SAES decides to do.  SAES would not really 1005 

want the genebank to depart from that standard and become businesslike, since very few 1006 

businesses continue providing products and services when the buyer stops paying.  Imagine if 1007 
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ARS proposed the exact inversion of the RC idea to defund NRSP6.  That is, if ARS said state 1008 

scientists must “transition off” USPG germplasm-- they must find “alternate” sources-- but all 1009 

the while ARS expected SAES to keep sending $150K so ARS could use those funds to serve 1010 

new customers instead.  Surely the states would find such terms preposterous.   1011 

At any rate, project staff did investigate the outlook for ARS funds to offset the loss of 1012 

NRSP6.  When we asked ARS administration, getting a CRIS increase was said to be “unlikely” 1013 

and only a maximum of $10K extra is expected to be available from the local MU.  Thus, as 1014 

reviewers noted, shutting down NRSP6 would likely do serious harm to the genebank.          1015 

 1016 
Industry.  NRSP was originally envisioned to supply the reliable base support that a long-term 1017 

project like a genebank needs.  Industry is the least appropriate substitute—and we have a clear 1018 

history of recognizing and experiencing that.  In 2010 the RC required that NRSP6 get 1019 

substantial private industry contributions or be shut down.  It was not easy, but we got over 1020 

$40K/y.  Every year our AA reported back to project staff that the directors considered this to be 1021 

satisfactory.  Most importantly, we were assured that this success would not be seen as an 1022 

opportunity to make a corresponding reduction in the NRSP6 budget, because that would be 1023 

putting core genebank functions on tenuous soft money.  Moonlighting for private contributions 1024 

is great, but you don’t quit your day job.  We know from experience that industry support once 1025 

attracted, can be withdrawn on very short notice... in 2020 we expect to lose $38K.  We conclude 1026 

that depending on compensating Industry support for core genebank functions would be risky.   1027 

 At any rate, we have already contacted all the industry breeding and processing 1028 

companies, and PotatoesUSA and NPC (one reviewer erroneously said we had not).  After 1029 

pursuing industry support vigorously for a decade, it is unrealistic to expect a new deep well has 1030 

appeared from which to draw—one big enough not only to add a little margin and flexibility, but 1031 

replace the entire NRSP6 base budget.   1032 

 1033 
Fee-for-service.  Why germplasm sales will not work was clearly presented in the text of the past 1034 

two NRSP6 project plans.  It is also explained in ESCOP’s own website link in a NPGCC 1035 

document.  One reviewer suggested fundraising by selling potato art, for example, but we decline 1036 

to revise the project proposal to promise that, since returns would likely be less than the value of 1037 

staff time needed to orchestrate it. 1038 

 1039 

OTT funds are not available for continued flat funding.  When one attempts to fundraise, donors 1040 

naturally wonder what the crisis is.  The RC advised that NRSP6 has to participate in necessary 1041 

system-wide “belt-tightening”.  This suggests that NRSP6 cannot even be funded flat because 1042 

Hatch is declining or the 1% NRSP OTT authorized budget has been reduced or over-committed.  1043 

Neither of these appear to be true.  Asking donors to take over the burden of paying for NRSP6 1044 

because states want to use the money to start new NRSPs is understandably a hard sell. 1045 

            Never the less, project staff do not claim to be exempt from participating in belt 1046 

tightening.  But with 25 years of flat NRSP6 budgets, loss of Wisconsin staff and new service 1047 

fees, we estimate a current total annual lost value of $175K, so have already been participating 1048 

in severe “belt tightening” and transitioning off OTT funding.   1049 

 1050 

1051 
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----------------------------------------- 1052 

 1053 

Finally, we respond to a few review scores of less than excellent for stakeholder engagement: 1054 

 1055 

About 30 years ago, ARS created two new faculty-level positions attached to the genebank 1056 

project and dedicated to working on extending the germplasm to users.  That’s a pretty 1057 

impressive commitment to engagement.  Along with those of the ARS project leader, a large 1058 

number of publications with stakeholder coauthors has resulted.  The project leader has served 1059 

for over 30 years as the chairman of the national Crop Germplasm Committee for potato, 1060 

organizing a meeting of stakeholders every year for determining the best germplasm policies and 1061 

vetting the annual evaluation grant.  He served for 17 years as the Editor in Chief for the 1062 

American Journal of Potato Research, engaging with hundreds of authors in all disciplines of 1063 

potato research.  The project leader has attended all of the past 37 meetings of the Potato 1064 

Association of America, giving at least one oral presentation of genebank research at all but one.  1065 

Since 1983, he has attended all but two of the annual meetings of the NCCC215 Potato Genetics 1066 

Technical meetings, most years giving a report on genebank research progress.  We maintain a 1067 

website that provides information about every aspect of the genebank, its germplasm, and how to 1068 

use it.  The project leader reviews every germplasm order, and reaches out to the requester if an 1069 

opportunity to enhance service is detected.  1070 

 1071 

The above is not meant to brag, but illustrate that the genebank does much more then fill seed 1072 

orders.  Our aim has been to include the usual business goal of “Marketing” to the genebank’s 1073 

“Sales” and “R&D”, detecting and engaging potential germplasm users pro-actively as their 1074 

peers.   1075 
1076 
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 1077 
 1078 

APPENDIX F.  Budget request 1079 
 1080 
a.  Staff. 1081 
 1082 

This section presents resources under the direction of Project staff.   1083 

 1084 

           1085 

Staff            Historic FTE  FY21-25 plan FTE 1086 

============================================================ 1087 

Lead & other SY Scientists 0.40 F 2.50 F 1088 

Research support 0.40 F 0.50 M 1089 

Project Assistant 1.00 W&M 0.80 M 1090 

Seed tech 1.00 M 0.75 F 1091 

IT tech 1.00 M 1.00 F 1092 

Gardener 1.00 W&M 1.00 F 1093 

Grad Student 0.50 M   1094 

Labor & other Tech 0.80 M 0.80 M 1095 

   1096 

   1097 

Subtotals 5.30 W&M 2.10 M 1098 

 0.80 F 5.25 F 1099 

 1100 

Total 6.10 7.35 1101 

============================================================= 1102 

NOTES 1103 

 1104 

1.  Employer: F=Fed, M=MRF, W=UWisc.  Lead & other... includes Madison staff  1105 

2.  In several pre-FY90 years, two Techs, two Grad Students, and Equipment were funded by 1106 

NRSP6.  1107 

3.  Since FY90, research support for Lead Scientist has not been provided by ARS as appointed 1108 

TY, but paid by NRSP6 Grad student funds, grants, and ARS discretionary.  In FY04, 1109 

switched this research support position’s employer with federal IT Tech for no net gain.  1110 
ARS increased staff support represented in 0.75 Seed Tech.   1111 

4.  In FY09, 1.2 FTE (0.40 Proj Asst + 0.80 Gardener) UWisc salary support lost.  In 2017 a 1112 

service charge of $35K/y was initiated by UWisc, reducing net SAES support.  1113 

5.  USDA also devotes substantial resources through USDA/APHIS quarantine services for 1114 

potato imports, and development and maintenance of the GRIN national germplasm data 1115 

computerization system.  Both of these are critical to NRSP6 success. 1116 

 1117 

 1118 

 1119 
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b.  BUDGET REQUESTS SUMMARY 
FY21-25 

 
NRSP6 - the US Potato Genebank: 

Acquisition, classification, preservation, evaluation and distribution 
of potato (Solanum) germplasm 

 
NRSP-6 US Potato Genebank Project FY21-25 

  
MRF (in $K) 

  

MRF inputs 
Proposed FY21 Proposed FY221 Proposed FY23 Proposed FY24 Proposed FY25 

(year 1) (year 2) (year 3) (year 4) (year 5) 
Dollars FTE         

SALARIES & Sal Fringe 116.0 1.30 116.0 1.30 116.0 1.30 116.0 1.30 116.0 1.30 
WAGES & WageFringe 27.0 0.80 27.0 0.80 27.0 0.80 27.0 0.80 27.0 0.80 

TRAVEL 2.0   2.0   2.0   2.0   2.0   
SUPPLIES & 
Maintenance 5.0   5.0   5.0   5.0   5.0   

EQUIPMENT/ CAPITAL 
IMPROVEMENT                     

TOTAL 150.0 2.10 150.0 2.10 150.0 2.10 150.0 2.10 150.0 2.10 

           
 

 
1 If level funding of $150K/y does not continue for the rest of the project term, the reduction should be compensated by a 

reapportionment of SAES contributions or other options proposed in the Midterm review, as negotiated by the project leadership 
AAs, NPGCC, and RC.  
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NRSP-6 US Potato Genebank Project FY21-25 
  

USDA/ARS (in $K) 
  

ARS inputs 
Proposed FY21 Proposed FY22 Proposed FY23 Proposed FY24 Proposed FY25 

(year 1) (year 2) (year 3) (year 4) (year 5) 
Dollars FTE Dollars FTE Dollars FTE Dollars FTE Dollars FTE 

ARS employee 
SALARIES & Sal Fringe 300.0 4.05 300.0 4.05 300.0 4.05 300.0 4.05 300.0 4.05 

Other SALARIES & Sal 
Fringe 125.0 1.20 125.0 1.20 125.0 1.20 125.0 1.20 125.0 1.20 

WAGES & WageFringe 0.0  0.0  0.0  0.0  0.0  
TRAVEL 10.0   10.0   10.0   10.0   10.0   

SUPPLIES & 
Maintenance 28.0   28.0   28.0   28.0   28.0   

Extramural  
Evaluation Contracts 0.0  0.0  0.0  0.0  0.0  

EQUIPMENT/ CAPITAL 
IMPROVEMENT 10.0   10.0   10.0   10.0   10.0   

TOTAL 473.0 5.25  473.0 5.25  473.0 5.25  473.0 5.25  473.0 5.25  
           
NOTES           

Resources directed by Project Leader given here.  Contributions by cooperating fed and state projects are extra.  
Industry:  $44K/Y received from industry FY15-19 
UW:  Continue contributions of facilities, utilities & related services, at least $15K. 
Direct input proportions:  MRF = 22%, ARS = 69%, UW = 2%, Industry = 7%. 
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