Pea (Pisum sativum L.)  Crop Vulnerability Statement 
Summary 
Pea (Pisum sativum L.) is a self-pollinating annual crop consumed as a fresh vegetable (immature whole pods or seeds),  or as seed grain for food or livestock feed, or as a processed food ingredient.  The pea vine is also used as fodder.  Recently, the pea protein has emerged as a frontrunner and showed the most promise in the growing alternative protein market. The Beyond Meat burger is a perfect example of pea protein product that is gaining traction in the growing market with current market cap value ca $8.7 billion. About 20-gram protein in each burger comes from pea. Further, peas are becoming popular in the pet food market as it is grain-free and an excellent source of essential amino acids as required by cats and dogs. The demand for pea protein is already high and expected to soar in the coming years. To meet this growing demand, there is a need to double the current productivity from 1% to 2%. 

Genetic diversity is the foundation for continued genetic improvement. Different germplasm types (e.g., landraces, wild types, modern cultivars, pre-breeding lines) harbor a large storage of valuable genes that can be used to accelerate development of new cultivars. The recent completion of a reference genome of the cultivar ‘Cameor’ provides a tremendous opportunity to identify natural genetic variation in different germplasm types within the Pisum through allele mining. The use of landraces and wild relatives for breeding is often hampered by linkage drag due to extensive linkage disequilibrium in the pea genome, partly due to its being a self-pollinated crop. It highlights the need to develop a new dynamic genetic resources using an efficient alternative mating design to enhance recombination and mainly break the undesirable linkage drags in the pea genome.

Emerging breeding technologies can make a powerful step change for addressing the major bottleneck in germplasm enhancement and speedy development of new cultivars. High-throughput phenotyping could potentially address the issue of collecting biologically meaningful and interpretable genotypes for thousands of new germplasm and breeding lines. Speed breeding is another technology that would permit breeders to turnover generation and reduce the length of the breeding cycle under controlled greenhouse conditions. Genomic selection would allow the prediction of traits for untested breeding lines using only the DNA information. With availability of these ‘breeding tools’, germplasm curator and breeding teams need to evaluate carefully the impact of any new technology for thoughtful management and extraction of useful genetic diversity. In addition, as large-scale datasets are generated from these new technology, new platforms need to be built that bring together all possible data, including phenotype, genotype, pedigree, and environmental data (e.g., weather, soil, etc) from multi-year, multi-location testing of breeding lines and/or germplasm. A robust and computationally powerful database management systems must be created and integrated into breeding workflows.
As the pea becomes increasingly important particularly in the growing alternative protein market, expansion of genetic diversity through development and utilization of emerging genotyping and phenotyping tools will continue to grow. The rate of progress for development for new tools may not be the same with other major crops, mainly because of limited resources and available expertise, but the potential for reaping the benefits from these innovative technology is underway. 
1.
Introduction to the crop

1.1
Biological features 
Pea (Pisum sativum L.) is a self-pollinating herbaceous annual diploid (2n = 2x = 14) species whose genome size is 4.5 GB.  A reference genome of the cultivar ‘Cameor’ has been published (Kreplak et al 2019).  Pea is produced for consumed as a fresh vegetable (immature whole pods or seeds),  or as dry seed grain for food or feed, as a processed food ingredient and the foliage is used as green manure or fodder.  As summarized in Trněný et al. (2018), pea (Pisum sativum L.) is in the Fabeae tribe (Schaefer et al. 2012), along with: Lathyrus (grass pea); Lens (lentils); Pisum (peas), Vicia (vetches) and monotypic Vavilovia. Schaefer et al. (2012) found that Pisum is imbedded within Lathyrus.  Lamarck (1778), who was probably aware of Linné’s description, designated pea as Lathyrus oleraceus (Warkentin et al. 2015).  We will use the Linnean designation Pisum sativum. For Pisum, publications use a plethora of species and subspecies names, the most commonly, two species, P. fulvum Sibth. & Sm. and P. sativum L. are recognized. The latter is divided into two subspecies, the domesticated pea P. sativum subsp. sativum and the wild form, P. sativum subsp. elatius (M. Bieb.) Asch. & Graebn. P. fulvum forms a distinct clade in all molecular diversity analyses (Smykal et al 2011). The taxonomic status of the Ethiopian pea has varied from subspecies (P. sativum subsp. abyssinicum (A.Br.) Berger) to species (P. abyssinicum A.Br.) (Symkal et al. 2014: Trněný et al. 2018).  The genus Pisum is best described as "a species complex with multiple sub-species which interbreed to different degrees" (Jing et al 2010). 
Table 1.  Pisum taxons currently listed under GRIN Global taxonomy.

	Species, authority
	Subspecies, authority

	Pisum sativum L.
	

	
	Pisum sativum L. subsp. asiaticum Govorov

	
	Pisum sativum L. subsp. elatius (M. Bieb.) Asch. & Graebn. 

	
	Pisum sativum L. subsp. elatius var. pumilio Meikle

	
	Pisum sativum L. subsp. elatius var. brevipedunculatum P. H. Davis & Meikle

	
	Pisum sativum L. subsp. jomardii (Schrank) Kosterin 

	
	Pisum sativum L. subsp. sativum

	
	Pisum sativum L. subsp. sativum var. arvense (L.) Poir.

	
	Pisum sativum L. subsp. transcaucasicum Govorov 

	Pisum abyssinicum A. Braun
	

	Pisum fulvum Sm.
	


Peas are adapted to cool, semi-arid to sub-humid growing conditions and although they are widely grown throughout the world, they perform best in the cool, relatively dry areas of the mid-latitudes (areas between approximately 30° and 60° north or south of the equator)(Coyne et al. 2011).  In mid-high latitudes peas are typically planted early in the spring as they do not tolerate hot weather or drought stress during flowering. Germination and seedling establishment can occur at soil temperatures as low as 4.5oC.  At temperatures greater than 30oC, the germination percent decreases (Olivier and Annandale, 1997).  Vegetative growth is maximized when daytime highs are 13-23oC.  Haldimann and Feller (2005) found that net photosynthesis in peas decreased with increasing leaf temperature and was more than 80% reduced at 45oC.  Daytime temperatures in excess of 27oC during flowering may cause flowers to abort, resulting in reduced yield (Miller et al., 2002).  These temperature effects generally restrict pea production to the mid-latitudes and to high elevations in regions closer to the equator.

1.2 
Ecogeographical distribution 
Tremeley et al (2017) summarized that archaeological evidence dates pea as a crop back to 10,000 BP in the Near East (Zohary et al. 2012) and Central Asia (Riehl et al. 2013) and supports the cultivation of pea spreading from the Fertile Crescent westwards through the Danube valley, ancient Greece and Rome into Europe (Baldev, 1988). Pea then moved eastward to Persia (now Iran and Afghanistan), India and China (Reihl et al 2013).  Novel diversity of Afghan type and Chinese landrace peas was identified by Zong et al (2009) and Kwon et al (2012) and be attributed to either or natural selection in diverse environments.  Wild pea P. sativum subsp. elatius is distributed widely across the Mediterranean basin from Spain to the Middle East and up to Central Europe, Caucasus and Caspian Sea (Maxted and Ambrose 2001).  More specifically,  from Iberian Peninsula in many Mediterranean islands (Mallorca, Sardinia, Cyprus) and throughout France, Italy, and the Balkans to the eastern Mediterranean countries with wild pea taxa extends to the temperate central European regions such as Hungary, Bulgaria, and the Crimean peninsula, and from the Middle East through the Trans-Caucasus toward Turkmenistan and possibly into certain Central Asian regions (Ladizinski and Abbo 2015).  P. fulvum is found around eastern Mediterranean (Syria, Lebanon, Israel, Palestine, Jordan and Turkey (Ladizinski and Abbo 2015).  P. abyssinicum has been reported from both Ethiopia and Yemen  (Jing et al. 2010).  An independent domestication of the Ethiopian (P. abyssinicum) pea has been proposed by several authors (Vershinin et al. 2003; Jing et al. 2010; Smykal et al 2011. Wild peas are not found in Ethiopia suggesting it is unlikely to be a native plant (Jing et al. 2010). 

1.3
Plant breeding and its products
Field pea is also known as dry pea are bred primarily by public institutions and one private company in the US, but with the growing pea protein concentrate market a number of private US companies have initiated dry pea breeding programs in the last three years.    Established dry pea public breeding programs include the USDA ARS at Pullman, WA; North Dakota State University, Fargo, and Montana State University, Bozeman. A private seed company named Progene, LLC is based in Othello, Washington. These breeding programs breed field pea for the target environments of the Northern Plains of Montana and North Dakota, and the Palouse Region of eastern Washington and northern Idaho. New public dry pea breeding programs have been initiated at North Carolina State University, University of Nebraska-Lincoln and University of Minnesota along with several new private company breeding programs. In addition, there is a growing efforts for breeding vegetable autumn-sown peas mainly for human consumption markets. Vegetable pea type breeding include two public efforts at Cornell University, Ithaca and Oregon State University, Corvallis. Both programs breed for freezer pea and edible pod types. Vegetable pea breeding in the private sector are conducted in Washington, Idaho, Minnesota and North Carolina. 

The breeding objectives in the US pea breeding programs include development of early-maturing, high-yielding pea cultivars with improved disease resistance, excellent agronomic performance, and superior quality for both domestic and international markets. Germplasm enhancement and breeding for disease resistance are focused on PSbMV, BLRV, PEMV, powdery mildew, Aphanomyces root rot, Fusarium root rot and Fusarium wilt, including races 1 and 2. Evaluation and testing of advanced breeding lines is accomplished through a network of variety trials (e.g., regional, state-wide) conducted by agronomists in experimental stations at state universities. 


1.4 
Primary crop products and their value (farmgate) 
Pea has a wide range of market classes and uses summarized in Warkentin et al. (2015).  Field pea is also known as dry pea and the mature seed phenotype for field pea is round.  Field pea includes yellow, green and red cotyledon varieties typically used in the dehulled/split form in foods such as dhal.  New markets are emerging for pea flour in baked products, extruded snacks, and noodles.  Starch fractions, typically from yellow cotyledon pea, are used widely in China for production of vermicelli noodles.  Protein and fiber fractions are also used in the food industry.  Smaller market classes include (1) dun (pigmented seed coat) which is also used in the dehulled/split form for foods such as dhal, (2) marrowfat (large seeds, blocky shape, green cotyledons, appealing flavor profile) for snacks and mushy pea, (3) maple (mottled seed coat) for bird seed mixtures, (4) forage (high biomass) cut prior to dry seed maturity for ruminant feed, (5) sprouts, i.e., germinated seedlings used as a vegetable, (6) feed (can include any of the above types) for use in the compound feed industry typically for pigs and chickens.  Vegetable pea is also known as garden pea and vining pea.  Vegetable pea types includes freezer pea (immature seed) and edible pod (immature pods) types of snow pea and snap pea.

Table 2.  Farm gate values for US pea production.

	Type
	Acreage*
	Value, $*

	2019 Dry edible
	1,103,000
	212,328,000

	2019 Vegetable pea 
	134,500
	

	     Fresh market
	
	4,927,000

	     Processed (can, frozen)
	
	62,871,000



* 2020 USDA National Agricultural Statistics Service

1.5 
Domestic and international crop production



1.5.1 
U.S. (regional geography)

In 2019, 1.103 million acres of dry pea was planted (USDA NASS, 2020).  The largest producer was Montana followed closely by North Dakota.
Table 3.  U.S. dry pea acreage.
	State
	Acreage

	Montana
	530,000

	North Dakota
	425,000

	Washington
	72,000

	Nebraska
	31,000

	Idaho
	25,000

	South Dakota
	16,000





1.5.2 
International 
World production of dry pea in 2018 was 13.53 million (M) tons on 7.87 M hectares (ha) (FAOSTAT 2020).  These totals have been relatively steady over the past 50 years, however, the key producing areas have shifted over that time.  Eastern Europe was the major producer from the 1960s to 1980s, then western Europe from the 1980s to 1990s, and since then North America, primarily Canada (Warkentin et al. 2015).  Canada is the top producer at 3.58 M tons followed by Russian Federation at 2.30 M tons.  China and India have had relatively stable production of 2-3 M tons per year over the past 50 years, but by 2018 were lower at 1.52 and 0.92 M tons, respectively.  In terms of world production of dry legume crops, dry pea trails only one other pulse crop, common bean (dry) which had 2018 annual production of 30.43 M tons (FAOSTAT 2020).  World production of vegetable pea in 2018 was 21.22 M tons on 2.74  M ha (FAOSTAT 2020).  Vegetable pea production has been rising steadily over the past 50 years with China (12.96 M tons) and India (5.43 M tons) being the major producers followed distantly by France (0.25 M tons) and the USA (0.23 M tons).
2.
Urgency and extent of crop vulnerabilities and threats to food security 

2.1 
Genetic uniformity in the “standing crops” and varietal life spans 
In the US, multiple market classes of pea are produced and consumed. The predominant market classes are green and yellow cotyledon types; smaller market classes include dun, marrowfat, maple, forage, and vegetable pea. One important feature unique to the pea breeding is the need to breed within each market class because specific market characteristics for seed color, size, and shape need to be preserved. Breeding within each market class needs to consider a range of traits that impact yield and quality traits. Quality traits are those varietal characteristic that directly impact the marketing and consumer acceptance, including cotyledon color, bleaching resistance, seed coat and hilum color, seed size and shape, splitting, quality, cooking time, and more recently, seed functional characteristics (Vandemark et al., 2014). To date, most of the varieties in the farmer’s field are old. In the US, the area-weighted age of varieties in the farmer’s field range from 13-25 years old, with an average life span of at least 18 years old. To date, the majority of dry pea cultivars grown in the US are from the private breeding companies. Current pre-dominant yellow pea cultivars include Delta, Universal, Admiral, and Agassiz while for green cultivars include Columbian, Aragorn, and Banner. 

2.2 
Threats of genetic erosion in situ
The in situ populations of pea wild relatives are threatened as land use intensifies with urban expansion and climate change threatens ecology (Smykal et al 2015).  In situ genetic reserve conservation are defined as “the location, designation, management and monitoring of genetic diversity in natural wild populations within defined areas designated for active, long-term conservation” (Maxted et al., 1997).   Complementary conservation involving the parallel application of in situ and ex situ conservation techniques is warranted, there exists a preference for in situ conservation because it has the advantage of maintaining the dynamic evolution of the CWR diversity itself in relation to parallel biotic and abiotic changes due to changing climate among other ecological shifts (Smykal et al 2015).  Currently no reserves exist specifically for wild Pisum however, reserves within the environments of origin are home to wild Pisum populations (Smykal, Abbo, Coyne, personal communication).  We are currently cooperating with the Global Crop Diversity Trust to develop an international comprehensive plan for the long term conservation of Pisum genetic diversity which will address in situ preservation of pea wild relatives.
2.3 
Current and emerging biotic, abiotic, production, dietary, and accessibility threats and needs


2.3.1 
Biotic (diseases, pests)

Pea is beset with a list of fungal, oomycete, bacterial, viral and nematode pests along with two key insect pests, aphids and weevils (Kraft and Pfleger, 2001).  An important current production problem worldwide are root rots due to short rotations reviewed in Gossen et al (2016).  Advances in molecular detection techniques has improved our understanding the complexity of the root rots in pea and corresponding difficulty in genetic resistance efforts (Zitnick-Anderson et al 2018).  The most important biotic stresses to U.S. pea production are PSbMV, BLRV, PEMV, powdery mildew, Aphanomyces root rot, Fusarium root rot and Fusarium wilt, including races 1 and 2 (Kraft and Pfleger, 2001).


2.3.2 
Abiotic (environmental extremes, climate change, salinity)

Rising temperatures will effect pea production globally. At temperatures greater than 30oC, the germination percent decreases (Olivier and Annandale, 1997).  Vegetative growth is maximized when daytime highs are 13-23oC.  Haldimann and Feller (2005) found that net photosynthesis in peas decreased with increasing leaf temperature and was more than 80% reduced at 45oC.  Daytime temperatures in excess of 27oC during flowering may cause flowers to abort, resulting in reduced yield (Miller et al., 2002).  Jiang et al (2020) found that “heat stress (35/18°C day/night temperature for 7 days during reproductive development) reduced seed yield by accelerating the crop lifecycle and reducing pod number and seed size. Further “Heat stress had the most damaging effect on younger reproductive growth (flowers and pods developed later), resulting in ovary abortion from developing flowers…accelerated seed abortion in all ovule positions within pods.”
Field pea is saline sensitive, with yield starts to decline at 0.6 dS/m [soil electrical conductivity (EC) 1:1] (Franzen et al., 1999; 2013). For each unit increase of soil salinity, there is a corresponding yield decrease at 13% - 15%. At salinity level higher than 9 dS/m, individual plants of field pea do not produce any seeds (Steppuhn et al., 2001; Duzdemir et al., 2009). Several studies have screened for tolerance to salinity. Shahid et al. (2012) evaluated salinity tolerance using 30 pea genotypes in Australia, in which the reduction of germination rate ranged from 4% to 48% under the saline stress. To identify a possible source of tolerance for salinity, Leonforte et al. (2013a,b) evaluated a total of 780 pea accessions, primarily from Asia (428) and Western Europe (113), based on the visual symptom and growth habits under saline conditions.  
2.3.3 Production/demand (inability to meet market and population growth demands)
Vegetable protein demands will increase with increase in population and in concert with sustainability goals set by the European Union and the United Nations.  Dry pea is increasing its share of the this market, though use in anticipated to always lag behind the soybean protein market.
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Figure 1. U.S. dry pea acreage over the last 20 years.
2.3.4 Dietary (inability to meet key nutritional requirements)
Overall, pea protein is mainly composed of 7S/11S globulin (salt-soluble, 65% to 80% of total) and albumin 2S (water-soluble, 10% to 20%) protein classes (Singhal et al. 2016), and contains high levels of lysine, which can be used to balance its deficiency in cereal-based diets (Iqbal et al. 2006).  Unlike soybean, it is not a complete protein on its own for human diets.  Understanding of the genetic diversity of pea protein amino acid composition needs to be undertaken as no study has been published to date.  As summarized in a review by Ge et al. (2020) “In recent years, the development and application of plant proteins have drawn increasing scientific and industrial interests. Pea (Pisum sativum L.) is an important source of high-quality vegetable protein in the human diet. Its protein components are generally considered hypoallergenic, and many studies have highlighted the health benefits associated with the consumption of pea protein. Pea protein and its hydrolysates (pea protein hydrolysates [PPH]) possess health benefits such as antioxidant, antihypertensive, and modulating intestinal bacteria activities, as well as various functional properties, including solubility, water- and oil-holding capacities, and emulsifying, foaming, and gelling properties. However, the application of pea protein in the food system is limited due to its poor functional performances.”  This is a very active area of research on modification methods, including physical, chemical, enzymatic, and combined treatments, to improve the functional properties of pea protein.
2.3.5 Accessibility (inability to gain access to needed plant genetic resources because of phytosanitary/quarantine issues, inadequate budgets, management capacities or legal and bureaucratic restrictions) 
Our resources are adequate to provide requestors the seed they need if the accession is currently available.  The pea collection and pea genetic stocks are 77% and 78% available for shipping, respectively.  Our current controlled condition area is insufficient to regenerate enough seed of the newly acquired wild species in a timely manner.  When researchers request quantities beyond the normal distribution number (30 seed for pea accessions, 20 seed for pea genetic stocks), we endeavor to assist but encourage them to increase seed for their project themselves.
Internationally, pea plant genetic resources are listed under crops freely exchanged under the International Treaty on Plant Genetic Resources for Food and Agriculture (FAO 2001).  Under rules established dynamically by the U.S. Department of State, USDA pea genetic resources are shipped to most countries internationally.  Pea plant genetic resources are unavailable for exchanges from non-signature countries or non-compliant countries.  This limits our efforts to access untapped genetic diversity from Asia, particularly China.  The status of exchanges of the pea crop wild relatives is unclear as some countries consider these exchangeable under the relatively new Nagoya Protocol, a supplementary agreement under the Convention on Biological Diversity treaty.  Nagoya Protocol describes access and benefit sharing of plant genetic resources and is in process of defining rules.
3.
Status of plant genetic resources in the NPGS available for reducing genetic vulnerabilities 
3.1
Germplasm collections and in situ reserves
3.1.1 Holdings
The USDA Pisum collection consists of 6,192 accessions plus a Pea Genetic Stocks collection of 712 accessions.  The collection is held at the Western Regional Plant Introduction Station on the campus of Washington State University, a joint USDA ARS and Hatch-Funded project of 13 Western Regional land grant universities Agricultural Research Centers.  The USDA ARS project title is the Plant Germplasm Introduction and Testing Research Unit.  Total pea genetic resources internationally are extensive with ex situ germplasm holdings of 73,931 accessions in +28 national and international collections with duplicate samples of 9,670 accessions preserved at the Svalbard Global Seed Vault in Arctic Norway (Table 1).  The four largest active exchanging collections include the Australian Temperate Field Crop Collection (currently absorbed by Australian Grains Genebank) of 7,432 accessions, N.I.Vavilov Research Institute of Plant Industry (VIR) with 6,790 accessions, U.S. Department of Agriculture (USDA) 6,904 accessions, with the largest collection held by the French National Institute for Agricultural Research (INRA) of 8,839 accessions (half of that includes TILLING mutant population) held at Dijon, France.  The Vavilov Research Institute, St. Petersburg, which originated in 1921, is the oldest and most storied of the large pea germplasm collections and was started with Vavilov’s explorations in the early 20th century. Very representative and arguably the best studied is John Innes Pisum collection, containing 1,200 P. sativum cultivars, 600 traditional landraces and 750 genetic stocks and reference lines together with wild Pisum samples. Australia has the least duplicative and most diverse ex situ collection to date for Pisum. This rational Pisum collection was constructed by careful consideration of each line acquired by Dr. Robert Redden due in part to the cost of importing each accession into Australia.  Also, a large collection of 6,105 is held by ICARDA which could be accessed easily until recent times.  In addition, there are other exciting national collections of pea germplasm.  An example is Israel, which hosts a collection of the crop’s wild relatives Pisum fulvum and Pisum sativum subsp. elatius var. pumilio collected in the Middle East.  A proposed estimate is that around 20% of the world’s ex situ pea germplasm is duplicative (Smýkal et al 2013) which would leave 59,000 accessions as unique.  Most likely this estimate is too high and a lower percentage is unique.
Only a small proportion (1,876, approximately 2%) of germplasm conserved accessions, represent wild collected pea. Of these, there are 706 of P. fulvum, 624 P. s. subsp. elatius, 1562 P.s. subsp. sativum (syn. P. humile/syriacum) and 540 P. abyssinicum accessions (Smýkal et al. 2013).

3.1.2 Genetic coverage and gaps

Genetic coverage for cultivated Pisum sativum is good to very good except for representative genetic diversity of China where it is only fair.  Coverage of the wild species needs to be increased as the holdings are limited in the USDA collection and within other existing ex situ collections internationally (Ladizinsky and Abbo, 2015; Smýkal et al. 2013). 
3.1.3 Acquisitions 

The USDA collection was expanded in 2007 with the addition of 1,375 accessions of 1,310 landraces and 65 wild species from the ICARDA.  A portion of these landraces are from the Vavilova collection in Russia.  Other notable acquisitions include a landrace collection of 271 accessions from China in 2012 (Zong et al. 2009) from the Australian Grains Genebank. These were collected from most of China’s providences by joint expedition by Chinese and Australian researchers in the mid-2000s.  Subsequent DNA marker analysis indicated these landraces were genetically distinct from a diverse global collection (Zong et al. 2009; Holdsworth et al. 2017).  In 2019, we received donation of 40 accessions of pea crop wild relatives collected by the project “Adapting Agriculture to Climate Change: Collecting, Protecting, and Preparing Crop Wild Relatives” between the Global Crop Diversity Trust and Kew Gardens botanists (Dempewolf et al. 2014).  Also, in 2019 we received 13 accession collection of pea crop wild relatives from Dr. Oleg Kosterin of Russia.  Most recently, 126 accessions of collected wild Pisum fulvum were donated to the USDA by Professor Shahal Abbo of Israel (Hellwig et al. 2020).  These will be accessioned in 2021.
3.1.4 Maintenance

The working collection (distribution samples) of the pea and genetic stocks collections are stored at 4°C at our USDA seed lab and storage facility on the campus of Washington State University, Pullman, WA.  The working collection includes parental seed for both regenerations and distribution samples.  Original seed of the accessions are stored at -20°C in the same location.  Security backup seed is deposited in at the National Laboratory for Genetic Resources Preservation  (NLGRP) in Fort Collins, CO for long term -20°C storage.  Current status of the pea collection for security back up is 68% and the Pea Genetic Stocks collection is 82% backed up.  Additionally, 1,531 accessions are backed up in the Svalbard Global Seed Vault.  See note in regeneration section 3.1.5 on current efforts to remedy the backlog of security back of newer Acquisitions noted in Section 3.1.3. 
3.1.5 Regeneration


Pea and genetic stocks are regenerated under controlled conditions to prevent additional spread of aphid-borne infestation of pea seed-borne mosaic virus (PSbMV).  The USDA collection was identified in the 1970’s as a source of PSbMV (Hampton and Braverman, 1979).  In the 1980’s, cooperators grew the USDA collection and culled PSbMV infested plants and provided clean seed back to the collection then held at the National Germplasm Repository in Geneva, N.Y. (Hampton et al. 1993).  This approach was not without controversy or loss of genetic diversity (Alconero et al. 1985).  The pea collection of 2,873 accessions and genetic stock collection of 445 accessions were transferred to the Western Regional Station in Pullman in 1992 and 1995, respectively.  A major change was implemented 1999 where all the regenerations were conducted in controlled conditions with a poty-virus testing procedure in place to continue the virus cleanup work.  This systematic testing was discontinued in 2001 due to funding limitations.  The use of controlled conditions facilities currently available limits the number of accessions regenerated annually, less than 180 accessions per year.  Security back up is currently needed for 32% of the pea collection with 1,500 seed per accession sent to NLGRP  for a normal backup sample.  In the 2010’s we moved to using the critical back up system (limited seed) to ship genetic stock accessions to NLGRP.  We are on track to remove the backlog of backing up accessions at NLGRP using the critical back up system in 2021.
3.1.6 Distributions and outreach

We have shipped an average of 2,059 packets of pea accessions per year from 2000 to 2017.  Distributions have increased dramatically in the last three years (2018-2020) averaging 6,986 packets per year, primarily to new private company pea breeding programs responding to the success of the pea plant protein market (Figure 2).  
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Figure 2.  Number of pea seed packets shipped per year by the Western Regional Plant Introduction Station from January 2000 to September 2020.

Outreach to stakeholders is through peer-review publications, presentations and collaboration meetings at ASA-CSSA-SSSA Annual meeting, Plant and Animal Genome Annual meeting, North American Pulse Improvement Association Biannual meeting, the annual meetings of the Pulse Crop Working Group and the USA Dry Pea and Lentil Council Annual Research Review.  Stakeholder tours of the Plant Genetic Resource facilities are conducted by request and by invitation.  Several classes of the plant science undergraduate programs at Washington State University tour the greenhouses and working collection facility each semester.  
3.2
Associated information 
3.2.1
Genebank and/or crop-specific web site(s)

The passport data for the collection are held in two databases, primary National Plant Germplasm System Genetic Resources Information Network GRIN Global (https://npgsweb.ars-grin.gov/gringlobal/search) and secondary the Global Crop Diversity Trust’s GenesysPGR (www.genesys-pgr.org/).  The phenotypic data is also held in two databases, primary GRIN Global and secondary PulseDB (www.pulsedb.org/).  The GRIN Global data is dynamic with GenesysPGR and static with PulseDB.  The genotypic data is held in GRIN Global and the larger SNP data sets are also held by PulseDB and National Agricultural Library Ag Data Commons (https://data.nal.usda.gov/) (Holdsworth et al. 2017).
3.2.2
Passport information
The provenance of the pea and pea genetic stock collections are 99%.  6.8% of the pea collection has geospatial information which is the longitude and latitude of the collection site location.  The newly acquired (2019-2021) wild pea (P. fulvum) accessions have complete geospatial information.
3.2.3
Genotypic characterization data
Currently, 9% of the collection has SNP genotypes available on the GRIN database or through the PulseDB web sites.  The genotyping of the pea collection has been done primarily on the Pea Core Collection and the Pea Single Plant Collection (Pea PSP) derived from the core collection.  The first genotyping was done with 15 SSRs (102 polymorphisms) on 304 accessions of the 505 accession Core Collection (Kwon et al 2012).  Next, a 256 gene-based SNP set was used to genotype 324 accessions of the Pea PSP collection (Cheng et al 2015).  Deeper sequence was done using Genotyping-by-Sequencing (GBS) to identify 66,000 SNPs in 361 accessions in the Pea PSP collection (Holdsworth et al. 2017).  Recently, more genotyping-by-sequencing was completed with 426,000 SNPs identified in 200 of the Pea PSP plus another 200 accessions with high seed protein concentration (Coyne, personal communication).   Further, a new project in 2021 will complete whole genome sequencing (WGS) on 300 of these accessions with the potential to identify millions of useful polymorphisms for genome wide association studies (GWAS) and genomic selection (GS) (Bandillo, personal communication).  
3.2.4
Phenotypic evaluation data
The GRIN Global database holds 176,000 descriptor data points on the Pisum collection, an average of 30.38 descriptor data points for 5867 accessions or 94.74% of the pea collection.  The Pea Core Collection has the deepest set of descriptor data in terms of chemical, plant disease reactions and phenological/growth characteristics from multiple environments (Kwon et al 2012).  For the Pea Genetic Stocks, an average of 19.12 descriptor data points for 697 accessions or 97.89% of the collection.  



3.3 
Plant genetic resource research associated with the NPGS



3.3.1
Goals and emphases

The goal of the pea plant genetic resource program conducted by the Agricultural Research Service has been to increase utilization of the pea collection by providing superior service to the plant science research community, focusing on integrating published evaluation data into the GRIN Global database, increasing the range of phenotypic traits evaluated and begin the genotyping of all the pea accessions.



3.3.2 
Significant accomplishments

The significant accomplishments include growing the genetic diversity in the USDA collection by incorporating landraces collected by ICARDA and filling gaps in the pea crop wild relatives through donations from the Global Crop Diversity Trust Crop Wild Relative project with Kew Gardens, donations from Russia and Israel.   A second significant accomplishment is adding phenotypic trait data to the data base GRIN Global from cooperators particularly reaction diseases (Aphanomyces and Fusarium roots rots, Ascochyta blight, Fusarium race 1, Cyst nematode) for the majority of the collection and complete data sets for 50+ traits of the pea core collection (505 accessions).  New traits include pea seed protein concentrations, seed mineral nutrient concentrations, Fusarium race 2, 10 root traits and yield component traits.  Our third significant accomplishment was genotyping the pea core collection plus using a cascade of improving marker systems of SSRs (Kwon et al 2012) followed by gene-specific SNPs (Cheng et al 2015) and current state of the art GBS SNPs (Holdsworth et al 2017).  Our fourth significant accomplish was contributing to our knowledge (1) on the domestication of pea (Trněný et al. 2018) and (2) the first reference genome for pea (Kreplak et al. 2019).  Our fifth and final significant accomplishment is providing outstanding service to the plant science research community with high quality data and seed.


3.4 
Curatorial, managerial and research capacities and tools



3.4.1 
Staffing

The curation program staff for the Pisum collection held at the Western Regional Plant Introduction Station (ARS Plant Germplasm Introduction and Testing Research Unit) consists of a Ph.D. level ARS Curator and a Bachelor of Science level ARS Biological Research Technician.  The Western Regional Plant Introduction Station has a staff led by our Research Leader, a Program Support Assistant, an IT Specialist, five ARS curators, one ARS post-doctoral researcher, eleven ARS technicians, two ARS farm staff and six W6 Regionally-funded WSU technicians.


3.4.2 
Facilities and equipment
The Western Regional Plant Introduction Station is co-located on the campus of Washington State University, Pullman, Washington.  Our labs and offices are located in Johnson Hall with other WSU crop and horticulture related departments.  Our seed lab and working collection storage (4°C, 25K cubic feet) is in another building on campus.  Our long term and -20° C storage consists of a basement walk-in freezer and numerous chest and upright freezers.  Pea regenerations are grown in a year-round greenhouse (30’ x 90’) or in one of two screenhouses (30’ x 90’) used seasonally.   Our Pullman farm of 20 acres is located one mile from the central WSU campus with our seed cleaning operation and farm shop.  Our lower elevation irrigated farm of 100 acres is located 59 miles west of Pullman near Central Ferry, WA.  Both farms are well equipped with farm equipment and have drying sheds for harvest dry-down prior to threshing.

3.5
Fiscal and operational resources
The Western Regional Plant Introduction Station is funded primarily by the USDA ARS with a budget of $3.2M.  The Hatch Act W6 Project administered by 13 western states Agricultural Research Center Directors funds the Station with an additional $466,959 annually. The project is directly and indirectly supported by our host institution Washington State University through formal and informal collaborations and resources.  The Washington State University and University of Idaho graduate and undergraduate students provide an important labor pool for the summer field regeneration efforts and year round greenhouse production.
4.
Other genetic resource capacities (germplasm collections, in situ reserves, specialized genetic/genomic stocks, associated information, research and managerial capacities and tools, and industry/technical specialists/organizations) 
4.1  Whole-genome resequencing. Pea has a nuclear genome size of 4.5 Gb, and a total of 7 chromosomes. The pea reference genome was released recently (Kreplak et al., 2019) and its availability opens opportunities for whole-genome resequencing to identify more single nucleotide polymorphism and better characterize the structure of the polymorphism in a germplasmc collection. This approach has been successful on assessing the distribution of genetic variation in legume species such as soybean (Lam et al., 2010), Medicago (Branca et al., 2011) and pigeon pea (Varshney et al., 2017). With improvement in sequencing technology, it is now a possible to capture a relatively large genome like the pea genome at a depth of 5X-20X, which has been successful for germplasm characterization (Lam et al., 2010; Varshney et al., 2017). In addition, the declining cost of whole-genome resequencing allows researchers to genotype a relatively large number of lines. For example, the 3,000 rice genomes project resequenced a core collection of 3,000 rice accessions from 89 countries at an average sequencing depth of 14X, discovering about 18.9 million SNP. In pea, a new project in 2021 will complete whole genome sequencing (WGS) on 300 of pea accessions at an average depth of 10X with the potential to identify millions of useful polymorphisms for genetic mapping and genomic selection (GS) (Bandillo, personal communication).  
4.2. Genomic selection. The availability of DNA markers offers new incentives for efficient use of diversity in a germplasm collection. Genomic selection (GS) is a newer breeding methodology that can revolutionize plant breeding (Meuwissen et al., 2001). Although GS was first introduced and quickly adopted in the animal science community, the impact of GS is yet to be realized in the plant breeding community (Hickey et al., 2017, Crossa et al., 2017). Most recent efforts for evaluation of GS in grain legumes are resulting in prediction accuracy that are not higher than 70% (Zargar et al., 2015). However, Jarquín et al (2015) analyzed the USDA soybean collection in soybean using different cross-validation schemes and results showed relatively high prediction accuracies that could potentially help breeders to identify useful genetic variation. There has been limited studies in pea on testing GS for increasing the rate of genetic gain.

4.3 Specialized genetic stocks. The potential of multi-parental crosses has not been explored in pea breeding and germplasm enhancement. To complement germplasm resources developed through bi-parental crossing, the multi-parent advanced generation intercrosses (MAGIC) (Cavanagh et al., 2008; Bandillo et al., 2013) and nested association mapping (NAM) (Buckler et al., 2009; McMullen et al, 2009) populations can be developed for breeding and mapping. The advantages of using multi-parent populations are that more targeted traits can be analyzed and the QTL could be mapped more precisely (Rockman and Kruglyak, 2008) due to the increased level of recombination. In addition, the highly recombined germplasm can be used directly as source materials for the extraction and development of pre-breeding lines and new cultivars adapted to different target environments. 
4.4 High-throughput phenotyping. Collecting of biologically meaningful and interpretable phenotypes in a resource‐efficient manner remains a bottleneck in plant breeding (Gage et al., 2020). In addition, the evaluation of thousands of new germplasm and breeding lines for multiple target traits is another major bottleneck (Osorno and Mcclean, 2018). In recent years, an influx of engineering solutions such as robotics and unmanned aerial vehicles were introduced mainly to increase the throughtput of phenotyping (Awada et al. 2018; Cobb et al, 2019). These platforms provide opportunity to increase selection accuracy and scale up of data collection processes at a reduced cost. In addition, new data types can be generated that can be leveraged for unbiased selection. With increasing data generated from different phenotyping platforms, different algorithm and software were developed to permit the digital collection of phenotype data in both field and greenhouse. The PhenoApps tools are a good example, which is a completely open-source Android-based applications that support breeding programs in digitizing data collection (Rife and Poland 2015). 

5.
Prospects and future developments 
Pea is considered one of the most genetically diverse crop species (Hancock, 2012). Characterizing the genetic variation within the Pisum gene pool and exploiting useful variation is critical for continued genetic improvement. In the past years, plant genome sequencing projects have increased to a thousand-fold, and results indicated that substantial genomic variation within a species led to the realization that a single reference genome do not represent the full spectrum of diversity (Bayer et al., 2020). Building a pan-genome in Pisum offers an opportunity to capture the diversity in multiple divergent subpopulations and the full landscape of its entire genome repertoire, including identification of core genes present in all accessions, and variable genes which are absent in some accessions. The availability of a pan-genome for different germplasm types (e.g., wild species, landraces, modern cultivars, etc) will allow in-depth characterization of population structure, identification of LD patterns, and genome-wide surveys of SNPs, including marker-trait association studies linking genetic with phenotypic variation. 
An applied genetic tool coming from these pan-genome and whole-genome sequencing efforts is the development of new community-wide SNP chip with wider utility. The new SNP chip will be a valuable tool not just for evaluation of diverse accessions in pea germplasm collections, but also at the breeding population level where breeder generate thousands of newly breeding lines yearly. Potential applications of community-wide SNP chip would include but not limit to 1) characterization of genetic variation; 2) tracking the level of similarity through assessment of identity by descent; 3) genome-wide association mapping for target traits of interest; 4) haplotype phase inferences and marker imputation; and 5) development of support tool for crossing decisions. The SNP chip should be found applicable across breeding programs, targeting multiple breeding objectives across different market classes. Some recent studies indicated the usefulness of SNP chip to fully characterize the full USDA soybean core collection comprised of over 19,600 genotyped accessions (Song et al., 2015; Bandillo et al., 2015; 2017), as well as the prediction of unphenotyped individuals in a germplasm collection (Jarquin et al., 2015). With the plummeting costs of genotyping, the availability of new SNP chip will complement the conventional breeding methodology to potentially accelerate the rate of genetic gain in peas. 

Along with sequencing efforts is the development of different genetic mapping resources (e.g., bi-parental, multi-parental, and assembled breeding lines or diversity panel) to facilitate the discovery and identification of new forms of allelic variability. Many large-scale association mapping resources, with some studies at the global-level, are in progress. The choice of genetic resources, relatedness of individuals, choice of genotyping methodology, extent of genome-wide LD, statistical analysis, among others, are all critical to the success of mapping study. Genetic mapping efforts will be focused on current and emerging abiotic stresses (salinity, drought, and waterlogging) and important diseases (Aphanomyces and Fusarium root rot, Fusarium wilt, and Ascochyta blight).  Seed quality attributes will be focused on protein content, starch, and levels of macronutrients (Ca, Mg, K), and micronutrients (Zn, Fe, Se).  In addition, understanding of the genetic diversity of pea protein amino acid composition needs to be undertaken as no study has been published to date.  
6.
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		Program		Year		Commodity		Domain		Domain Category		PEAS, AUSTRIAN WINTER - ACRES PLANTED  -  <b>VALUE</b>		PEAS, AUSTRIAN WINTER - ACRES PLANTED  -  <b>CV (%)</b>		PEAS, AUSTRIAN WINTER - PRODUCTION, MEASURED IN $  -  <b>VALUE</b>		PEAS, AUSTRIAN WINTER - PRODUCTION, MEASURED IN $  -  <b>CV (%)</b>		PEAS, DRY EDIBLE - ACRES PLANTED  -  <b>VALUE</b>		PEAS, DRY EDIBLE - ACRES PLANTED  -  <b>CV (%)</b>		PEAS, DRY EDIBLE - PRODUCTION, MEASURED IN $  -  <b>VALUE</b>		PEAS, DRY EDIBLE - PRODUCTION, MEASURED IN $  -  <b>CV (%)</b>		PEAS, WRINKLED SEED - PRODUCTION, MEASURED IN $  -  <b>VALUE</b>		PEAS, WRINKLED SEED - PRODUCTION, MEASURED IN $  -  <b>CV (%)</b>

		SURVEY		2020		PEAS		TOTAL		NOT SPECIFIED										947,000

		SURVEY		2019		PEAS		TOTAL		NOT SPECIFIED										1,103,000				212,328,000

		SURVEY		2018		PEAS		TOTAL		NOT SPECIFIED		16,400				2,433,000				856,500				163,963,000				13,654,000

		SURVEY		2017		PEAS		TOTAL		NOT SPECIFIED		25,500				1,575,000				1,128,000				165,770,000				11,548,000

		SURVEY		2016		PEAS		TOTAL		NOT SPECIFIED		37,000				8,841,000				1,383,000				304,660,000				13,191,000

		SURVEY		2015		PEAS		TOTAL		NOT SPECIFIED		34,000				6,092,000				1,143,000				229,391,000				11,347,000

		SURVEY		2014		PEAS		TOTAL		NOT SPECIFIED		24,000				5,138,000				935,000				206,194,000				17,208,000

		SURVEY		2013		PEAS		TOTAL		NOT SPECIFIED		18,000				5,088,000				860,000				227,601,000				7,453,000

		SURVEY		2012		PEAS		TOTAL		NOT SPECIFIED		19,000				3,479,000				649,500				172,229,000				10,573,000

		SURVEY		2011		PEAS		TOTAL		NOT SPECIFIED		18,000				3,513,000				362,000				85,424,000				14,858,000

		SURVEY		2010		PEAS		TOTAL		NOT SPECIFIED		31,200				4,022,000				756,000				138,792,000				16,142,000

		SURVEY		2009		PEAS		TOTAL		NOT SPECIFIED		20,500				4,109,000				863,300				152,282,000				23,493,000

		SURVEY		2008		PEAS		TOTAL		NOT SPECIFIED		17,500				2,286,000				882,500				166,945,000				17,912,000

		SURVEY		2007		PEAS		TOTAL		NOT SPECIFIED		29,000				1,567,000				847,500				212,296,000				8,926,000

		SURVEY		2006		PEAS		TOTAL		NOT SPECIFIED		46,000				1,924,000				925,500				86,371,000				8,756,000

		SURVEY		2005		PEAS		TOTAL		NOT SPECIFIED		42,500				2,343,000				808,000				66,046,000				11,207,000

		SURVEY		2004		PEAS		TOTAL		NOT SPECIFIED		32,500				2,764,000				530,000				66,476,000				12,719,000

		SURVEY		2003		PEAS		TOTAL		NOT SPECIFIED		21,100				1,833,000				337,500				39,352,000				9,222,000

		SURVEY		2002		PEAS		TOTAL		NOT SPECIFIED		23,100				1,893,000				308,700				36,842,000				8,169,000

		SURVEY		2001		PEAS		TOTAL		NOT SPECIFIED		16,300				1,133,000				206,800				20,765,000				8,862,000

		SURVEY		2000		PEAS		TOTAL		NOT SPECIFIED		5,200				596,000				184,500				18,464,000				9,895,000

		SURVEY		1999		PEAS		TOTAL		NOT SPECIFIED		6,500				492,000				265,100				26,693,000				9,860,000

		SURVEY		1998		PEAS		TOTAL		NOT SPECIFIED		9,000				1,248,000				323,400				40,994,000				9,535,000

		SURVEY		1997		PEAS		TOTAL		NOT SPECIFIED		8,700				1,231,000				303,600				42,658,000				10,743,000

		SURVEY		1996		PEAS		TOTAL		NOT SPECIFIED		8,600				1,329,000				215,900				29,638,000				8,877,000

		SURVEY		1995		PEAS		TOTAL		NOT SPECIFIED		10,900				1,440,000				210,400				45,062,000				14,672,000

		SURVEY		1994		PEAS		TOTAL		NOT SPECIFIED		7,000				612,000				131,000				25,256,000				9,474,000

		SURVEY		1993		PEAS		TOTAL		NOT SPECIFIED		13,000				1,457,000				149,000				23,796,000				11,746,000

		SURVEY		1992		PEAS		TOTAL		NOT SPECIFIED						1,010,000								21,801,000				7,250,000

		SURVEY		1991		PEAS		TOTAL		NOT SPECIFIED		13,000				1,780,000				190,000				29,424,000				12,765,000

		SURVEY		1990		PEAS		TOTAL		NOT SPECIFIED		13,500				1,867,000				166,000				28,701,000				13,760,000

		SURVEY		1989		PEAS		TOTAL		NOT SPECIFIED		12,200				1,777,000				175,000				34,667,000				17,816,000

		SURVEY		1988		PEAS		TOTAL		NOT SPECIFIED		13,000				1,620,000				181,000				33,249,000				11,582,000

		SURVEY		1987		PEAS		TOTAL		NOT SPECIFIED		44,000				4,018,000				163,000				25,663,000				6,960,000

		SURVEY		1986		PEAS		TOTAL		NOT SPECIFIED		32,000				3,805,000				180,000				28,526,000				10,254,000

		SURVEY		1981		PEAS		TOTAL		NOT SPECIFIED										112,000				22,614,000				11,670,000

		SURVEY		1980		PEAS		TOTAL		NOT SPECIFIED										139,000				31,903,000				12,792,000

		SURVEY		1979		PEAS		TOTAL		NOT SPECIFIED										139,000				21,276,000				13,514,000

		SURVEY		1978		PEAS		TOTAL		NOT SPECIFIED										204,000				28,958,000				13,833,000

		SURVEY		1977		PEAS		TOTAL		NOT SPECIFIED										173,000				14,184,000				5,717,000

		SURVEY		1976		PEAS		TOTAL		NOT SPECIFIED										130,000				24,377,000				6,259,000

		SURVEY		1975		PEAS		TOTAL		NOT SPECIFIED										196,500				21,376,000				13,989,000

		SURVEY		1974		PEAS		TOTAL		NOT SPECIFIED										220,000				36,917,000				19,900,000

		SURVEY		1973		PEAS		TOTAL		NOT SPECIFIED										146,600				29,672,000				5,786,000

		SURVEY		1972		PEAS		TOTAL		NOT SPECIFIED										148,000				11,494,000				3,251,000

		SURVEY		1971		PEAS		TOTAL		NOT SPECIFIED										213,700				13,632,000				4,632,000

		SURVEY		1970		PEAS		TOTAL		NOT SPECIFIED										279,900				13,805,000				3,573,000

		SURVEY		1969		PEAS		TOTAL		NOT SPECIFIED										242,000				16,101,000				7,879,000

		SURVEY		1968		PEAS		TOTAL		NOT SPECIFIED										191,000				12,865,000				5,324,000

		SURVEY		1967		PEAS		TOTAL		NOT SPECIFIED										185,000				11,318,000				5,585,000

		SURVEY		1966		PEAS		TOTAL		NOT SPECIFIED										184,000				11,516,000				5,856,000

		SURVEY		1965		PEAS		TOTAL		NOT SPECIFIED										182,000				12,757,000				4,781,000

		SURVEY		1964		PEAS		TOTAL		NOT SPECIFIED										282,000				14,413,000				3,961,000

		SURVEY		1963		PEAS		TOTAL		NOT SPECIFIED										335,000				20,832,000

		SURVEY		1962		PEAS		TOTAL		NOT SPECIFIED										357,000				22,626,000

		SURVEY		1961		PEAS		TOTAL		NOT SPECIFIED										358,000				14,899,000

		SURVEY		1960		PEAS		TOTAL		NOT SPECIFIED										325,000				13,429,000

		SURVEY		1959		PEAS		TOTAL		NOT SPECIFIED										368,000				19,458,000

		SURVEY		1958		PEAS		TOTAL		NOT SPECIFIED										248,000				12,998,000

		SURVEY		1957		PEAS		TOTAL		NOT SPECIFIED										315,000				12,926,000

		SURVEY		1956		PEAS		TOTAL		NOT SPECIFIED										387,000				22,745,000

		SURVEY		1955		PEAS		TOTAL		NOT SPECIFIED										335,000				14,147,000

		SURVEY		1954		PEAS		TOTAL		NOT SPECIFIED										279,000				15,536,000

		SURVEY		1953		PEAS		TOTAL		NOT SPECIFIED										277,000				15,620,000

		SURVEY		1952		PEAS		TOTAL		NOT SPECIFIED										224,000				12,939,000

		SURVEY		1951		PEAS		TOTAL		NOT SPECIFIED										333,000				14,570,000

		SURVEY		1950		PEAS		TOTAL		NOT SPECIFIED										261,000				10,951,000

		SURVEY		1949		PEAS		TOTAL		NOT SPECIFIED										383,000				10,228,000

		SURVEY		1948		PEAS		TOTAL		NOT SPECIFIED										315,000				16,273,000

		SURVEY		1947		PEAS		TOTAL		NOT SPECIFIED										544,000				31,083,000

		SURVEY		1946		PEAS		TOTAL		NOT SPECIFIED										515,000				29,700,000

		SURVEY		1945		PEAS		TOTAL		NOT SPECIFIED										549,000				22,519,000

		SURVEY		1944		PEAS		TOTAL		NOT SPECIFIED										752,000				39,871,000

		SURVEY		1943		PEAS		TOTAL		NOT SPECIFIED										825,000				49,265,000

		SURVEY		1942		PEAS		TOTAL		NOT SPECIFIED										518,000				30,278,000

		SURVEY		1941		PEAS		TOTAL		NOT SPECIFIED										379,000				12,006,000

		SURVEY		1940		PEAS		TOTAL		NOT SPECIFIED										314,000				6,906,000

		SURVEY		1939		PEAS		TOTAL		NOT SPECIFIED										238,000				4,805,000

		SURVEY		1938		PEAS		TOTAL		NOT SPECIFIED										225,000				3,293,000

		SURVEY		1937		PEAS		TOTAL		NOT SPECIFIED										276,000				5,327,000

		SURVEY		1936		PEAS		TOTAL		NOT SPECIFIED										296,000				6,088,000

		SURVEY		1935		PEAS		TOTAL		NOT SPECIFIED										370,000				7,352,000

		SURVEY		1934		PEAS		TOTAL		NOT SPECIFIED										330,000				7,632,000

		SURVEY		1933		PEAS		TOTAL		NOT SPECIFIED										294,000				6,449,000

		SURVEY		1932		PEAS		TOTAL		NOT SPECIFIED										257,000

		SURVEY		1931		PEAS		TOTAL		NOT SPECIFIED										312,000

		SURVEY		1930		PEAS		TOTAL		NOT SPECIFIED										295,000

		SURVEY		1929		PEAS		TOTAL		NOT SPECIFIED										250,000
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All Pisum

		GrinGlobal

		taxon		year		ct

		Pisum abyssinicum		2012		1

		Pisum abyssinicum		2013		17

		Pisum abyssinicum		2014		13

		Pisum abyssinicum		2015		34

		Pisum abyssinicum		2016		56

		Pisum abyssinicum		2017		40

		Pisum abyssinicum		2018		63

		Pisum abyssinicum		2019		14

		Pisum abyssinicum		2020		36

		Pisum fulvum		1991		4

		Pisum fulvum		1993		30

		Pisum fulvum		1994		13

		Pisum fulvum		1995		24

		Pisum fulvum		1996		25

		Pisum fulvum		1997		1

		Pisum fulvum		1998		36

		Pisum fulvum		1999		1

		Pisum fulvum		2000		1

		Pisum fulvum		2001		45

		Pisum fulvum		2002		4

		Pisum fulvum		2003		74

		Pisum fulvum		2004		62

		Pisum fulvum		2005		54

		Pisum fulvum		2006		52

		Pisum fulvum		2007		4

		Pisum fulvum		2008		70

		Pisum fulvum		2009		37

		Pisum fulvum		2010		62

		Pisum fulvum		2011		48

		Pisum fulvum		2012		43

		Pisum fulvum		2013		82

		Pisum fulvum		2014		69

		Pisum fulvum		2015		83

		Pisum fulvum		2016		23

		Pisum fulvum		2017		51

		Pisum fulvum		2018		55

		Pisum fulvum		2019		9

		Pisum fulvum		2020		45

		Pisum sativum		1987		158

		Pisum sativum		1988		455

		Pisum sativum		1989		336

		Pisum sativum		1990		729

		Pisum sativum		1991		1306

		Pisum sativum		1992		1992

		Pisum sativum		1993		2140

		Pisum sativum		1994		5700

		Pisum sativum		1995		4617

		Pisum sativum		1996		2412

		Pisum sativum		1997		1107

		Pisum sativum		1998		3953

		Pisum sativum		1999		1073

		Pisum sativum		2000		2520

		Pisum sativum		2001		1225

		Pisum sativum		2002		1248

		Pisum sativum		2003		2028

		Pisum sativum		2004		1424

		Pisum sativum		2005		2103

		Pisum sativum		2006		1082

		Pisum sativum		2007		1663

		Pisum sativum		2008		1937

		Pisum sativum		2009		892

		Pisum sativum		2010		1287

		Pisum sativum		2011		3803

		Pisum sativum		2012		1201

		Pisum sativum		2013		1853

		Pisum sativum		2014		2211

		Pisum sativum		2015		2263

		Pisum sativum		2016		2565

		Pisum sativum		2017		2056

		Pisum sativum		2018		6761

		Pisum sativum		2019		5212

		Pisum sativum		2020		6779

		Pisum sativum ssp. abyssinicum		1987		4

		Pisum sativum ssp. abyssinicum		1989		15

		Pisum sativum ssp. abyssinicum		1991		17

		Pisum sativum ssp. abyssinicum		1992		6

		Pisum sativum ssp. abyssinicum		1993		24

		Pisum sativum ssp. abyssinicum		1994		25

		Pisum sativum ssp. abyssinicum		1995		77

		Pisum sativum ssp. abyssinicum		1996		51

		Pisum sativum ssp. abyssinicum		1998		17

		Pisum sativum ssp. elatius		1987		4

		Pisum sativum ssp. elatius		1988		4

		Pisum sativum ssp. elatius		1989		26

		Pisum sativum ssp. elatius		1990		2

		Pisum sativum ssp. elatius		1991		22

		Pisum sativum ssp. elatius		1992		14

		Pisum sativum ssp. elatius		1993		25

		Pisum sativum ssp. elatius		1994		48

		Pisum sativum ssp. elatius		1995		99

		Pisum sativum ssp. elatius		1996		92

		Pisum sativum ssp. elatius		1998		28

		Pisum sativum ssp. sativum		1987		2

		Pisum sativum ssp. sativum		1988		100

		Pisum sativum ssp. sativum		1989		4

		Pisum sativum ssp. sativum		1990		14

		Pisum sativum ssp. sativum		1991		24

		Pisum sativum ssp. sativum		1992		28

		Pisum sativum ssp. sativum		1993		46

		Pisum sativum ssp. sativum		1994		273

		Pisum sativum ssp. sativum		1995		189

		Pisum sativum ssp. sativum		1996		297

		Pisum sativum ssp. sativum		1997		271

		Pisum sativum ssp. sativum		1998		633

		Pisum sativum ssp. transcaucasicum		1998		2

		Pisum sativum subsp. abyssinicum		1998		1

		Pisum sativum subsp. abyssinicum		1999		10

		Pisum sativum subsp. abyssinicum		2000		34

		Pisum sativum subsp. abyssinicum		2001		26

		Pisum sativum subsp. abyssinicum		2002		35

		Pisum sativum subsp. abyssinicum		2003		12

		Pisum sativum subsp. abyssinicum		2004		27

		Pisum sativum subsp. abyssinicum		2005		37

		Pisum sativum subsp. abyssinicum		2006		6

		Pisum sativum subsp. abyssinicum		2007		30

		Pisum sativum subsp. abyssinicum		2008		41

		Pisum sativum subsp. abyssinicum		2009		31

		Pisum sativum subsp. abyssinicum		2010		44

		Pisum sativum subsp. abyssinicum		2011		28

		Pisum sativum subsp. abyssinicum		2012		18

		Pisum sativum subsp. asiaticum		2001		8

		Pisum sativum subsp. asiaticum		2002		5

		Pisum sativum subsp. asiaticum		2003		2

		Pisum sativum subsp. asiaticum		2005		7

		Pisum sativum subsp. asiaticum		2006		9

		Pisum sativum subsp. asiaticum		2007		3

		Pisum sativum subsp. asiaticum		2009		3

		Pisum sativum subsp. asiaticum		2011		2

		Pisum sativum subsp. asiaticum		2012		3

		Pisum sativum subsp. asiaticum		2013		16

		Pisum sativum subsp. asiaticum		2014		9

		Pisum sativum subsp. asiaticum		2015		7

		Pisum sativum subsp. asiaticum		2016		8

		Pisum sativum subsp. asiaticum		2017		13

		Pisum sativum subsp. asiaticum		2018		80

		Pisum sativum subsp. asiaticum		2019		21

		Pisum sativum subsp. asiaticum		2020		66

		Pisum sativum subsp. elatius		1998		1

		Pisum sativum subsp. elatius		1999		22

		Pisum sativum subsp. elatius		2000		146

		Pisum sativum subsp. elatius		2001		84

		Pisum sativum subsp. elatius		2002		71

		Pisum sativum subsp. elatius		2003		66

		Pisum sativum subsp. elatius		2004		81

		Pisum sativum subsp. elatius		2005		125

		Pisum sativum subsp. elatius		2006		55

		Pisum sativum subsp. elatius		2007		111

		Pisum sativum subsp. elatius		2008		119

		Pisum sativum subsp. elatius		2009		76

		Pisum sativum subsp. elatius		2010		101

		Pisum sativum subsp. elatius		2011		76

		Pisum sativum subsp. elatius		2012		61

		Pisum sativum subsp. elatius		2013		84

		Pisum sativum subsp. elatius		2014		113

		Pisum sativum subsp. elatius		2015		92

		Pisum sativum subsp. elatius		2016		140

		Pisum sativum subsp. elatius		2017		77

		Pisum sativum subsp. elatius		2018		215

		Pisum sativum subsp. elatius		2019		72

		Pisum sativum subsp. elatius		2020		171

		Pisum sativum subsp. sativum		1998		53

		Pisum sativum subsp. sativum		1999		233

		Pisum sativum subsp. sativum		2000		330

		Pisum sativum subsp. sativum		2001		67

		Pisum sativum subsp. sativum		2002		493

		Pisum sativum subsp. sativum		2003		88

		Pisum sativum subsp. sativum		2004		49

		Pisum sativum subsp. sativum		2005		99

		Pisum sativum subsp. sativum		2006		64

		Pisum sativum subsp. sativum		2007		123

		Pisum sativum subsp. sativum		2008		165

		Pisum sativum subsp. sativum		2009		180

		Pisum sativum subsp. sativum		2010		86

		Pisum sativum subsp. sativum		2011		325

		Pisum sativum subsp. sativum		2012		627

		Pisum sativum subsp. sativum		2013		277

		Pisum sativum subsp. sativum		2014		272

		Pisum sativum subsp. sativum		2015		78

		Pisum sativum subsp. sativum		2016		160

		Pisum sativum subsp. sativum		2017		76

		Pisum sativum subsp. sativum		2018		229

		Pisum sativum subsp. sativum		2019		184

		Pisum sativum subsp. sativum		2020		673

		Pisum sativum subsp. transcaucasicum		2001		18

		Pisum sativum subsp. transcaucasicum		2002		6

		Pisum sativum subsp. transcaucasicum		2005		9

		Pisum sativum subsp. transcaucasicum		2006		5

		Pisum sativum subsp. transcaucasicum		2007		4

		Pisum sativum subsp. transcaucasicum		2008		7

		Pisum sativum subsp. transcaucasicum		2009		10

		Pisum sativum subsp. transcaucasicum		2010		3

		Pisum sativum subsp. transcaucasicum		2011		3

		Pisum sativum subsp. transcaucasicum		2012		2

		Pisum sativum subsp. transcaucasicum		2013		9

		Pisum sativum subsp. transcaucasicum		2014		3

		Pisum sativum subsp. transcaucasicum		2015		3

		Pisum sativum subsp. transcaucasicum		2016		5

		Pisum sativum subsp. transcaucasicum		2017		6

		Pisum sativum subsp. transcaucasicum		2018		13

		Pisum sativum subsp. transcaucasicum		2019		11

		Pisum sativum subsp. transcaucasicum		2020		13

		Pisum sativum var. arvense		1987		2

		Pisum sativum var. arvense		1988		24

		Pisum sativum var. arvense		1989		29

		Pisum sativum var. arvense		1991		8

		Pisum sativum var. arvense		1992		6

		Pisum sativum var. arvense		1993		65

		Pisum sativum var. arvense		1994		91

		Pisum sativum var. arvense		1995		84

		Pisum sativum var. arvense		1996		46

		Pisum sativum var. arvense		1997		15

		Pisum sativum var. arvense		1998		111

		Pisum sativum var. arvense		1999		29

		Pisum sativum var. arvense		2000		67

		Pisum sativum var. arvense		2001		55

		Pisum sativum var. arvense		2002		23

		Pisum sativum var. arvense		2003		40

		Pisum sativum var. arvense		2004		46

		Pisum sativum var. arvense		2005		35

		Pisum sativum var. arvense		2006		51

		Pisum sativum var. arvense		2007		18

		Pisum sativum var. arvense		2008		99

		Pisum sativum var. arvense		2009		44

		Pisum sativum var. arvense		2010		55

		Pisum sativum var. arvense		2011		94

		Pisum sativum var. arvense		2012		56

		Pisum sativum var. arvense		2013		81

		Pisum sativum var. arvense		2014		121

		Pisum sativum var. arvense		2015		167

		Pisum sativum var. arvense		2016		101

		Pisum sativum var. arvense		2017		83

		Pisum sativum var. arvense		2018		238

		Pisum sativum var. arvense		2019		255

		Pisum sativum var. arvense		2020		78

		Pisum sativum var. elatius		2000		1

		Pisum sativum var. elatius		2001		8

		Pisum sativum var. elatius		2002		2

		Pisum sativum var. elatius		2003		1

		Pisum sativum var. elatius		2004		1

		Pisum sativum var. elatius		2005		5

		Pisum sativum var. elatius		2006		2

		Pisum sativum var. elatius		2007		5

		Pisum sativum var. elatius		2008		3

		Pisum sativum var. elatius		2011		2

		Pisum sativum var. elatius		2012		13

		Pisum sativum var. elatius		2013		6

		Pisum sativum var. elatius		2014		3

		Pisum sativum var. elatius		2015		4

		Pisum sativum var. elatius		2016		7

		Pisum sativum var. elatius		2018		10

		Pisum sativum var. elatius		2019		6

		Pisum sativum var. elatius		2020		9

		Pisum sativum var. pumilio		1993		10

		Pisum sativum var. pumilio		1994		5

		Pisum sativum var. pumilio		1995		7

		Pisum sativum var. pumilio		1996		6

		Pisum sativum var. pumilio		1998		7

		Pisum sativum var. pumilio		2000		7

		Pisum sativum var. pumilio		2001		25

		Pisum sativum var. pumilio		2002		13

		Pisum sativum var. pumilio		2003		9

		Pisum sativum var. pumilio		2004		7

		Pisum sativum var. pumilio		2005		35

		Pisum sativum var. pumilio		2006		12

		Pisum sativum var. pumilio		2007		20

		Pisum sativum var. pumilio		2008		27

		Pisum sativum var. pumilio		2009		10

		Pisum sativum var. pumilio		2010		19

		Pisum sativum var. pumilio		2011		17

		Pisum sativum var. pumilio		2012		12

		Pisum sativum var. pumilio		2013		25

		Pisum sativum var. pumilio		2014		23

		Pisum sativum var. pumilio		2015		31

		Pisum sativum var. pumilio		2016		27

		Pisum sativum var. pumilio		2017		15

		Pisum sativum var. pumilio		2018		50

		Pisum sativum var. pumilio		2019		28

		Pisum sativum var. pumilio		2020		54

		Pisum sativum var. sativum		2002		3

		Pisum sativum var. sativum		2003		2

		Pisum sativum var. sativum		2006		2

		Pisum sativum var. sativum		2009		17

		Pisum sativum var. sativum		2010		3

		Pisum sativum var. sativum		2011		10

		Pisum sativum var. sativum		2012		13

		Pisum sativum var. sativum		2013		12

		Pisum sativum var. sativum		2014		14

		Pisum sativum var. sativum		2015		4

		Pisum sativum var. sativum		2016		72

		Pisum sativum var. sativum		2017		4

		Pisum sativum var. sativum		2018		502

		Pisum sativum var. sativum		2019		125

		Pisum sativum var. sativum		2020		495

		Pisum sp.		1991		5

		Pisum sp.		1992		3

		Pisum sp.		1994		1

		Pisum sp.		1995		6

		Pisum sp.		1996		1

		Pisum sp.		1997		1

		Pisum sp.		1998		1

		Pisum sp.		1999		1

		Pisum sp.		2000		1

		Pisum sp.		2002		4

		Pisum sp.		2003		4

		Pisum sp.		2004		5

		Pisum sp.		2006		5

		Pisum sp.		2008		4

		Pisum sp.		2009		4

		Pisum sp.		2011		7

		Pisum spp.		2013		3

		Pisum spp.		2014		1

		Pisum spp.		2017		2

		Pisum spp.		2018		5

		Pisum spp.		2020		2





Pisum sativum

		Year		Items						Total

		1987		158						158

		1988		455						455

		1989		336						336

		1990		729						729

		1991		1306						1306

		1992		1992						1992

		1993		2140						2140

		1994		5700						5700

		1995		4617						4617

		1996		2412						2412

		1997		1107						1107

		1998		3953		53				4006

		1999		1073		233				1306

		2000		2520		330				2850

		2001		1225		67				1292

		2002		1248		493		3		1744

		2003		2028		88		2		2118

		2004		1424		49				1473

		2005		2103		99				2202

		2006		1082		64		2		1148

		2007		1663		123				1786

		2008		1937		165				2102										1376

		2009		892		180		17		1089										4138

		2010		1287		86		3		1376										1841

		2011		3803		325		10		4138										2142

		2012		1201		627		13		1841										2497

		2013		1853		277		12		2142										2345

		2014		2211		272		14		2497										2797

		2015		2263		78		4		2345										2136

		2016		2565		160		72		2797						7492				7492

		2017		2056		76		4		2136						5521				5521

		2018		6761		229		502		7492						7947				7947

		2019		5212		184		125		5521				6193		20960				40232

		2020		6779		673		495		7947						3.38x				6.49x
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