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Abstract Pears (Pyrus) represent an important 
part of consumer diets, and have the fourth highest 
production of non-citrus fruits, measured by fresh 
weight, in the U.S. They are maintained clonally and 
grown as composite plants, consisting of a scion (fruit 
bearing) cultivar grafted onto a rootstock cultivar. Up 
to 98% of existing production relies on only a few 
scion and rootstock cultivars, leaving the standing 

crop vulnerable to threats. Pears are faced with a 
wide range of biotic and abiotic threats and produc-
tion vulnerabilities, some of which can be limited by 
integrating resistance and horticultural traits from 
wild and cultivated materials from around the world. 
The National Clonal Germplasm Repository (NCGR 
Corvallis), part of the USDA-ARS National Plant 
Germplasm System, maintains a large Pyrus collec-
tion from across the globe, consisting of 2793 Pyrus 
accessions from 37 species. The collection represents 
an important resource for preservation, research, and 
breeding efforts for pears. The crop vulnerability sta-
tus of pears in the U.S. is currently moderate to high, 
with increasing threats and challenges. Breeding and 
preservation efforts, along with genetic, crop protec-
tion and production research are, however, actively 
targeting these needs.

Keywords Pear · Pyrus · Germplasm · Collection · 
Biotic and abiotic threats · NPGS

Introduction to the crop

Pears (Pyrus) are clonally propagated Rosaceous tree 
crops, consumed as fresh and processed fruit and 
juice. Commercial cultivars can be grouped into two 
types: European and Asian pears, characterized by 
their soft, melting flesh or crisp, juicy flesh, respec-
tively. In the U.S., commercial pear fruit produc-
tion (including both European and Asian cultivars) 
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was valued at $353 million in 2022, and is declin-
ing (USDA NASS 2004, 2014, 2023). The U.S. pear 
industry attributes lower production to inconsistent 
consumption, increasing production costs, and com-
petition from imported fruit (Elkins et al. 2012; Mit-
cham and Elkins 2007). Further, the industry has rela-
tively few options for high-density production, due in 
part to the lack of dwarfing rootstocks. Genetic uni-
formity is high among commercially grown cultivars, 
and wild populations are facing threats to genetic 
erosion (Montanari et  al. 2020; USA Pears 2023). 
Nationally, there are only a few pear scion and root-
stock breeding programs, and they aim to develop 
elite lines and new cultivars that address industry and 
consumer needs. The National Plant Germplasm Sys-
tem maintains a large Pyrus collection, focused on 
preserving both cultivar and species diversity.

Production

Between 2012 and 2022, U.S. pear acreage dropped 
from 50,100 to 40,600 and production from 851,130 
to 642,910 metric tons (utilized production, (USDA 
NASS 2020); USDA NASS (2023)). Per acre produc-
tion has remained steady at around 16.0 tons per acre. 
Over 99% of the total was produced by Washington 
(17,500 acres, 285,000 tons), Oregon (13,700 acres, 
198,500 tons), and California (9,400 acres, 160,500 
tons) (USDA NASS 2023). Washington and Oregon 
are heavily weighted toward the fresh market while 

California sells about evenly to fresh and processed 
markets (USDA NASS 2023). Other states with 
minor commercial production include New York, 
Michigan, and Pennsylvania. Major commercial 
cultivars (in order of volume) are ‘Beurré d’Anjou’, 
‘Bartlett’, ‘Beurré Bosc’, ‘Red Anjou’, ‘Starkrimson’, 
and ‘Doyenné du Comice’, according to the pear crop 
estimate five-year average (Fig. 1, and communicated 
from USA Pears 2023).

Pears are produced commercially in mid-latitude 
temperate regions internationally. Top pear produc-
ers in 2021/2022 (by weight) were China, the Euro-
pean Union, Argentina, the United States, Türkiye, 
South Africa, India, Russia, South Korea, and Chile 
(Table 1, USDA FAS (2023)).

Industry representation

There are several national and regional industry and 
professional grower organizations that represent the 
interests of U.S. pear production and marketing. The 
Pear Bureau Northwest is a marketing organization 
representing growers in Washington and Oregon and 
the California Pear Advisory Board (CPAB) repre-
sents California growers. Various entities are estab-
lished to review and determine funding for research 
proposals aimed at improving pear production and 
quality. These include the Fresh and Processed Pear 
Committees in the Washington and Oregon region, 
and the CPAB and Pear Pest Management Research 

Fig. 1  Pear fruit from the four cultivars with the highest pro-
duction in 2022. From left to right: ‘Bartlett’, ‘Beurré d’Anjou’, 
‘Beurré Bosc’, and ‘Red Anjou’. Watercolor images (for ‘Bar-

tlett’, ‘Beurré d’Anjou’, ‘Beurré Bosc’) were sourced from the 
USDA Pomological Watercolor Collection
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Fund (co-funded by growers and processors) in Cali-
fornia. The Pear Bureau Northwest and the CPAB 
also provides marketing and consumer-related infor-
mation through their respective websites (USA Pears 
2023).

Primary products

Pear trees are cultivated for four primary prod-
ucts: food for human consumption (fresh fruit or 
processed), beverage (juice or fermented cider), 

ornamental landscape planting, and occasionally 
pear wood used for products such as firewood and 
furniture.

Most of the fruit crop is sold fresh or processed, 
which is mainly in the form of canned pears, and to 
a lesser extent, baby food and dried. Dried pears are 
now primarily sourced from South America but are 
processed in the U.S. as a niche product. Pear culti-
vars commercially grown for fruit are valued for traits 
related to fruit quality and ease of production. Tar-
gets for fruit breeding include traits to improve fruit 

Table 1  Fresh pear production and consumption in select countries (1000 Metric Tons)

Northern Hemisphere countries are on a July–June marketing year. Southern Hemisphere countries are on a calendar year indicated 
as the second year of the split year
*In the cited FAS report, E.U. includes 27 countries in the customs union (Austria, Belgium/Luxembourg, Bulgaria, Croatia, Cyprus, 
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, 
Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, and Sweden)

Production Consumption

2018/2019 2019/2020 2020/2021 2021/2022 2018/2019 2019/2020 2020/2021 2021/2022

China 14,000 17,314 17,815 18,876 China 13,645 16,707 17,345 18,404
E.U. * 2568 2059 2373 1843 E.U 2305 1823 2172 1681
Argentina 600 640 615 557 U.S.A 654 586 560 547
U.S.A 726 645 593 589 Turkey 478 479 477 436
Turkey 520 530 550 530 Russia 461 436 446 429
S. Africa 413 438 461 506 India 288 327 330 338
India 300 310 308 310 Argentina 291 300 301 283
Russia 242 290 247 247 S. Korea 176 170 113 186
S. Korea 203 201 133 210 Japan 237 197 197 197
Chile 252 222 233 223 S. Africa 188 212 214 219
Other 585 577 579 578 Other 1,542 1,799 1,620 1,666
Total 20,410 23,226 23,907 24,469 Total 20,265 23,037 23,775 24,387

Imports Exports

2018/2019 2019/2020 2020/2021 2021/2022 2018/2019 2019/2020 2020/2021 2021/2022

Russia 261 194 241 183 China 366 619 480 482
E.U 157 172 175 187 E.U 420 407 377 349
Indonesia 145 236 196 215 Argentina 310 340 315 275
Brazil 154 138 121 133 S. Africa 226 227 247 287
U.K 118 100 105 103 Chile 132 114 127 116
Belarus 118 119 112 78 U.S.A 144 130 109 111
Vietnam 63 133 97 101 Turkey 42 51 73 94
Hong Kong 85 76 81 77 Belarus 70 16 54 27
Mexico 92 84 73 72 S. Korea 27 31 19 24
U.S.A 73 72 75 69 Australia 9 9 9 8
Other 426 495 454 485 Other 15 15 11 11
Total 1691 1818 1729 1702 Total 1760 1959 1821 1784
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quality, uniform ripening requirements, size, and pro-
ductivity, as well as disease and insect resistance.

Fermented pear cider, or ‘perry’, traditionally 
produced in the U.K. and France, has increased in 
popularity in the U.S. Many perry pear cultivars 
were introduced into the U.S. from Europe in recent 
years to meet this increased demand. Desired traits 
for perry pears are different from those for fresh fruit 
consumption. Cultivars of both groups should have 
high fruit production but the fruit of a perry pear 
typically contains high tannins content and/or acidity, 
combined with good flavor that is retained through-
out the fermentation process (Luckwill and Pollard 
1963). Traditional perry pear cultivars have a higher 
sorbitol content than other sugars (He et  al. 2022). 
Presence of hard stone cells in fruits of many pear 
species limit their use in breeding fruit for eating but 
have no impact on fermented juice products.

Pyrus germplasm is also used to develop orna-
mental trees. For pear trees planted as landscape 
specimens, small, obscure, and unpalatable fruit are 
usually valued. Many cultivars and selections of the 
Callery pear (P. calleryana Decne.) have been pro-
duced in the nursery trade for use as flowering street 
trees; however, in recent years profuse reseeding 
of these cultivars has caused them to be considered 
invasive in some locations (Culley 2017). Selec-
tions of the willow-leaf pear (P. salicifolia Pall.) are 
appreciated as landscape trees for their fine texture, 
gray, pubescent foliage, and some for their weeping 
growth habit (Dirr 1997). Other pear species, includ-
ing P. betulifolia Bunge, P. dimorphophylla Makino, 
P. elaeagrifolia Pall., P. regelii Rehder, and P. syri‑
aca Boiss., have striking foliage, unusual flowers, or 
unique environmental adaptations and should be eval-
uated for landscape use.

Wood of various Pyrus species is used for making 
furniture, musical instruments, and kitchen imple-
ments, but there have been no deliberate efforts to 
select cultivars for genetic traits desirable for these 
purposes.

Dietary

Pears are known for being high in fiber (3.1  g per 
100  g of raw ‘Bartlett’) (USDA ARS 2022). In 
comparison with other fruits and some vegetables, 

ascorbic acid content is low (4.3  mg vitamin C per 
100  g). They are a relatively low source of energy 
(59  kcal per 100  g), due to the low content of sug-
ars (9.73  g per 100  g, or nearly 10% by weight). 
Total lipids are only 0.15 g per 100 g. Comparative 
research has shown that nutritional contents vary sub-
stantially depending on cultivar (Galvis Sanchez et al. 
2003; Li et al. 2016). A relatively high percentage of 
the sugars in pears are in the forms of fructose and 
sorbitol (Reiland and Slavin 2015). Combined with 
the high fiber content, pear fruit can aid gut health, 
but high levels of consumption can have a laxative 
effect (Nazir et  al. 2020; Reiland and Slavin 2015). 
Because pears should be eaten as part of a balanced 
diet, there are no deficiencies that constitute a dietary 
threat to the population. In fact, increased consump-
tion of whole, fresh fruits, including pears, is part of 
the USDA Dietary Guideline for Americans (USDA 
and DHHS 2020).

Pears also contain phytonutrients, particularly phe-
nolics and antioxidants (Macheix 1990; Nazir et  al. 
2020), which have been found to have disease-fight-
ing properties (Ames et al. 1993). These compounds 
are particularly enriched in the peel (Galvis Sanchez 
et  al. 2003). Reviews on pear nutrition demonstrate 
a wide range of total phenolic content across culti-
vars (Li et  al. 2016). The phenolic content, antioxi-
dant activity, and enzyme inhibitory activity in pears 
can help in dietary management of early stages of 
hyperglycemia linked to type 2 diabetes and diabetes-
associated hypertension (Sarkar et  al. 2015). These 
authors also found that fermented pears inhibit the 
bacteria associated with stomach ulcers and promote 
probiotic organisms.

Biology and distribution

Pyrus and the related rootstock genera are mem-
bers of the Rosaceae, subfamily Amygdaloideae, 
tribe Maleae, subtribe Malineae. The basic chro-
mosome number of the Maloideae (x = 17) is high 
compared to other Rosaceae subfamilies (x = 7–9), 
indicating a polyploid origin (Bell and Itai 2011). 
All species are functionally diploid (2n = 34), 
but some triploid and tetraploid cultivars exist. 
Aneuploidy is characteristic of the naturally-
occurring interspecific hybrid species P. × nivalis 
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Jacq. Speciation in Pyrus has proceeded without 
a change in chromosome number (Zielinski and 
Thompson 1967). Reticulation caused by interspe-
cific hybridization is a major evolutionary process 
for Pyrus (Zheng et  al. 2014). The Germplasm 
Resources Information Network (GRIN) taxonomy 
database (USDA ARS 2023a) recognizes 37 pri-
mary species, plus 15 interspecific hybrids, three 
of which may be artificial or “arboretum hybrids” 
(Table  S1). Morphology differs substantially 
between cultivated germplasm and wild crop rela-
tives (Fig. 2).

Due to a high level of genetic heterozygosity, 
pears do not breed true from seed, and cultivars 
are propagated by grafting vegetative buds onto 
a rootstock. In some cases, when the scions and 
rootstocks are incompatible, a mutually compatible 
interstock, such as ‘Old Home’, ‘Beurré Hardy’, or 
‘Comice’, is used. Within Pyrus, most species are 
graft-compatible (Westwood and Bjornstad 1971). 
Quince (Cydonia oblonga Mill.) is the only non-
Pyrus species which has been used commercially 
as a rootstock, though it is incompatible with dom-
inant cultivars such as ‘Bartlett’ and requires an 
interstock. Additional genera which are potential 
rootstocks include Amelanchier, Crataegus, Sor‑
bus, × Sorbopyrus and Mespilus.

The Pyrus genus originated in the mountainous 
area of western and southwestern China during the 
Tertiary periods (65–55 million years ago) (Rub-
stov 1944). The genus has two sections, Pyrus 
for the western species and Pashia for the Asian 

species. Vavilov (1951) identified three centers 
of diversity for pears: the Chinese center, where 
forms of P. pyrifolia (Burm.) Nak. and P. ussurien‑
sis Maxim. are grown, the central Asiatic center, 
consisting of Tadjikistan, Uzbekistan, India, 
Afghanistan, and western Tian-Shan mountains, 
where P. korshinsyki Litv. and P. boissieriana 
Buhse are found, and the Near Eastern center com-
prising the Caucasus Mountains and Asia Minor, 
where wild and domesticated forms of P. commu‑
nis L. occur (Table S1).

Genetic uniformity of the standing crop 
and current pear breeding efforts

Genetic uniformity, varietal life spans, and 
characteristics driving plantings

Scion genetic uniformity

The degree of genetic uniformity of the U.S. pear 
crop is extremely high, and thus, its production 
is particularly vulnerable. Approximately 46% 
of national commercial production in 2022 was 
accounted for by a single cultivar, ‘Bartlett’ (syn. 
‘William’s Bon Chretien’) (USDA NASS 2023). 
Three additional cultivars, ‘Beurré d’Anjou’, 
‘Beurré Bosc’, and ‘Red Anjou’ account for up 
to 98% of the remaining production. Thus, a vast 
majority of reported commercial U.S. production 
consists of only four cultivars (Fig.  1). ‘Doyenné 

A. B. C.

European pear cultivars Asian pear cultivars Crop wild relatives

*
+

Fig. 2  Representatives of the diversity of Pyrus fruit morphol-
ogy. A sampling of fruit from a range of European pear culti-
vars, B Asian pear cultivars, and C crop wild relatives found in 

the NCGR Corvallis Pyrus collection. A ‘Bartlett’ and ‘Buerré 
Bosc’ fruit were included in the crop wild relatives photograph 
for reference, denoted by a * and + symbol, respectively
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du Comice’ is also grown substantially in southern 
Oregon. All major cultivars belong to a single spe-
cies, Pyrus communis L., and most were selected 
from open-pollinated seedling populations in West-
ern Europe between the late 17th and early nine-
teenth centuries. Molecular research of genetic 
diversity and relationships using single nucleo-
tide polymorphism (SNP) markers among 1897 of 
mostly P. communis accessions from the National 
Plant Germplasm System (NPGS) collection indi-
cated a relatively high degree of genetic similar-
ity, similar to previous research using microsatel-
lite markers (Bassil and Postman 2010; Montanari 
et  al. 2020). Limited quantities of Asian cultivars 
(e.g. P. pyrifolia ‘Hosui’, ‘Shinseiki’, ‘Ya Li’) are 
grown mainly in the Central Valley of California 
(Beutel 1990). P. pyrifolia cultivars were likewise 
found to be relatively close (Kimura et  al. 2002). 
Together, this work confirmed that only a few pear 
cultivars served as the main progenitors for com-
monly grown European pear cultivars today. Simi-
larly, European pear production is dominated by 
eight Pyrus communis cultivars: ‘Conference’, 
‘Bartlett’, ‘Abate Fetel’, ‘Spadona’, ‘Doyenne du 
Comice’, ‘BeurreBosc’, ‘Dr. Jules Guyot’, and 
‘Coscia’ (Dondini and Sansavini 2012).

Scion varietal life spans

Varietal life spans of U.S. scion cultivars are 
long. All of the major scion cultivars grown in 
the U.S., including ‘Bartlett’, ‘Beurré d’Anjou’, 
‘Beurré Bosc’, ‘Doyenné du Comice’, ‘Seckel’, and 
‘Forelle’, were first selected or reported between 
the late 1600’s and early 1800’s (Hedrick 1921; 
Lombard et al. 1980). The red-skinned mutant cul-
tivars of ‘Bartlett’, ‘Beurré d’Anjou’, and ‘Clapp’s 
Favorite’ all originated in the mid-twentieth century 
(USA Pears 2023). The only cultivar from a recent 
breeding program to be planted to a significant 
amount of acreage in this country was ‘Concorde’, 
which was introduced to the U.S. from the East 
Malling Research Station, UK, in the early 1990’s, 
but quickly declined in favor due to extreme sus-
ceptibility to fire blight (Good Fruit Grower 2008; 
Mielke et  al. 2005). The situation is similar in all 
countries where European pear cultivars are grown. 
Of the Japanese Asian pear cultivars, ‘Chojuro’ 

was introduced in 1859, ‘Nijisseiki’ in 1898, ‘Nii-
taka’ in 1927, ‘Shinseiki’ in 1945, ‘Kousui’ in 
1959, and ‘Housui’ in 1972 (Kanato et  al. 1982; 
Saito 2016). Of the major Korean cultivars, ‘A Ri 
Rang’ (syn. ‘Dan Bae’ or ‘Olympic’) was released 
in 1969, and four other cultivars were released 
from 1984 through 1994 (Shin et  al. 2002). ‘A Ri 
Rang’ is grown mostly by amateur growers in the 
U.S. Pear trees can produce commercial crops for 
50–75  years. The high costs of new plantings and 
the 4–5  year delay in fruit bearing and economic 
return inhibits renewal of orchards, resulting in long 
orchard life spans (Gallardo et al. 2022).

Rootstock genetic uniformity

The genetic base of pear rootstocks is even more nar-
row than that of scions. Nearly all rootstocks cur-
rently used for commercial production in the U.S. 
are derived from the cultivar ‘Old Home’. This 
includes the ‘Old Home’ × ‘Farmingdale’ (OH × F) 
series developed in Oregon, and ‘Pyrodwarf®’ and 
‘Pyro™ 2–33’, two rootstocks from Germany (Elkins 
et  al. 2012; Jacob 2002). ‘Horner 4’ was developed 
in Oregon through open pollination of OH × F clones 
(Mielke and Smith 2002). Analyses based on micros-
atellite fingerprinting (Postman et al. 2013) and more 
recent SNP array genotyping (Montanari et al. 2020) 
have shown that the pollen parent of the most com-
mon OH × F clones is actually ‘Bartlett’.

Seedling rootstocks were used almost exclusively 
in the U.S. until about 30 years ago. Because seedling 
rootstocks are derived from parent cultivars, which 
are highly heterozygous and self-incompatible, they 
are not genetically identical, although they are usually 
sufficiently uniform in important traits. Seedlings of 
’Bartlett’ predominate in older plantings, with seed-
lings of ’Winter Nelis’ being the next most widely 
used seedling rootstock, both P. communis culti-
vars (Elkins et  al. 2012). Seedlings of P. betulifolia 
are used when high vigor is needed in clay or poorly 
drained soils. Certain selections of P. betulifolia (i.e., 
“Reimer” selections) are also the predominant choice 
for Asian pear cultivars, along with ‘OH × F 97’ more 
recently. Seedlings of P. calleryana are also used as 
rootstocks in warmer regions (Reil et al. 2007).

In Southern Oregon, quince (Cydonia) is used 
commercially as a rootstock for ‘Doyenné du 
Comice’. BA29C is the predominant clone, and 
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limited plantings include other quince cultivars 
(‘Adams’, ‘EMC’, ‘EMH’, ‘Sydo’, ‘Quince A’, and 
‘Quince C’) (Elkins et  al. 2012; Sugar and Basile 
2011). These cultivars were derived from differ-
ent populations in France, or bred and released by 
East Malling Research Station (Tukey 1964; Web-
ster 2003). Use of microsatellite markers has shown 
a high degree of similarity between quince cultivars 
(Bassil et al. 2011; Yamamoto et al. 2004).

Characteristics driving rootstock plantings

Clonally propagated Pyrus communis rootstocks from 
the ‘Old Home’ × ‘Farmingdale’ (OH × F) series are 
used for most of the commercial production in the 
U.S., with ‘OH × F 87’ and ‘OH × F 97’ used most 
widely. These clonal rootstocks offer semi-dwarfing 
size control of scions. While ‘OH × F 333’, perhaps 
the most easily propagated clone, was once the most 
widely planted, it produces high yields of small fruit 
and has been surpassed. ‘OH × F 69’ has also been 
planted but is more difficult to propagate. ‘Pyrod-
warf®’ and ‘Pyro™ 2–33’ have exhibited similar 
scion growth control as that of ‘OH × F 87’, though 
‘Pyro™ 2–33’ has exhibited more vigor in some tri-
als (Elkins et al. 2021; Jacob 2002). They have seen 
limited adoption however, particularly ‘Pyrodwarf®’, 
which suckers profusely. Selections of the open-pol-
linated ‘OH × F Horner’ series have been tested on 
the West Coast, with ‘Horner 4’ showing promise as 
a vigorous but precocious replacement for P. betulifo‑
lia and other standard rootstocks (Einhorn et al. 2014; 
Elkins 2019). Seedlings of P. calleryana exhibit vari-
able growth and susceptibility to pear psylla feed-
ing and pear decline (Reil et al. 2007). ‘Bartlett’ and 
‘Winter Nelis’ are both highly susceptible to fire 
blight, while P. betulifolia has been used to generate 
seedlings resistant to fire blight (Elkins et  al. 2012; 
Lombard and Westwood 1975).

Pear breeding efforts

Breeding of new cultivars is currently accomplished 
by crossing distinct accessions with desirable traits 
and selecting among segregating seedling popula-
tions. Major objectives of global pear breeding pro-
grams have been reviewed (Bellini and Nin 2002; 
Brewer and Palmer 2011). There are many shared 

objectives, and well as interesting specific objectives. 
In the U.S., there are two active pear breeding pro-
grams: a scion breeding program at the USDA Agri-
cultural Research Service (ARS) Appalachian Fruit 
Research Station (AFRS), and a rootstock breeding 
program at Washington State University (WSU).

The USDA ARS AFRS scion breeding program has 
historically focused on the development of cultivars 
with resistance to fire blight, Fabraea leaf spot, pear 
scab, and pear psylla, and improved postharvest quality 
and storage life, utilizing P. ussuriensis x P. communis 
hybrids and P. communis germplasm from Eastern and 
Central Europe (Bell 1991; Bell and Stuart 1990; Bell 
and van der Zwet 1998). Current efforts are focused 
on evaluation of elite and prospective lines, as well as 
developing new populations for trait mapping and culti-
vars for the fresh and processing pear industries. Breed-
ing targets for scions include fruit quality, appropriate 
flowering and fruiting seasons, disease and arthropod 
pest resistance, ripening and storage quality, and ideal 
architectures for production and harvest. The program 
released three cultivars in 1960, and six from 1992 to 
2022.

One of the greatest needs of the U.S. pear indus-
try is availability of stress-resistant rootstocks that 
will promote dwarfing, precocity, and productivity 
of fruiting cultivars (Elkins et al. 2012). The wide 
range of adaptation to various soil types, tempera-
ture, moisture, pH, and nutrients as well as to soil-
borne insects, nematodes, and diseases of Pyrus 
species suggests that there are many opportunities 
to identify improved pear rootstocks (Lombard and 
Westwood 1987). Washington State University at 
Wenatchee, WA, initiated a new U.S. pear root-
stock breeding program in 2015, with initial focus 
on breeding Pyrus rootstocks conferring dwarfing 
and precocity to scions. Supporting this effort is 
a new USDA ARS program, also in Wenatchee, 
focused on understanding mechanisms of key pear 
rootstock traits. The multi-state NC-140 program 
has evaluated multiple rootstock selections since 
1987, including OH × F clones, OH × F Horner 
clones, and several European selections (Einhorn 
et  al. 2013; Elkins et  al. 2011; NC-140, 2023). 
Available rootstocks for high density pear plant-
ings have been recently reviewed (Einhorn 2021).

In addition to public breeding programs in 
the U.S., there are several commercial programs, 
as well as both public and commercial programs 
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internationally. The commercial breeding pro-
grams in the U.S. are Subarashii Kundamono and 
Virginia Gold Orchard, which breed Asian (P. 
pyrifolia) fruit cultivars for their own production 
and marketing. There are many international pear 
breeding programs, focused on scions, rootstocks, 
or both (Table  S2). They are largely focused on 
developing cultivars and rootstocks that produce 
new, high-quality fruit and resistance to local 
biotic and abiotic threats and conditions.

Global threats of genetic erosion and conservation 
efforts of in situ reserves

Genetic erosion

Globally, wild populations of Pyrus are faced with 
threats from logging and firewood cutting, overgraz-
ing by livestock, excessive fruit harvest, and other 
agricultural and urban development. In addition, 
indigenous landrace cultivars are being replaced 
by more modern cultivars. Further, hybridization 
between wild species and commercial cultivars 
threaten local wild populations. According to the 
International Union for the Conservation of Nature 
and Natural Resources (IUCN), Pyrus taxa of par-
ticular concern are five critically endangered species 
(Pyrus browiczii, P. gergerana, P. korshinskyi, P. 
tadshikistanica, and P. voronovii), seven endangered 
species (Pyrus cajon, P. daralagezi, P. hajastana, P. 
nutans, P. tamamschianae, P. sosnovskyi, and P. theo‑
dorovii), and two vulnerable species (P. complexa and 
P. serikensis) (Table S3 and IUCN (2022)). Pyrus tax-
onomy is complex, however, with many species hav-
ing limited definitions and likely many synonyms. At 
times, initial descriptions may have come from small 
populations or species hybrids, the latter of which can 
be easily reconstituted from the parent species that 
is not rare or endangered. This makes it challenging 
to compare lists of taxa on the IUCN Redlist (IUCN 
2022) to those in genebank collections, and difficult 
to determine true threatened status. The NPGS has 
only five accessions of P. korshinskyi and two acces-
sions of P. complexa, the only species on the above 
lists that are listed in GRIN Taxonomy, representing 
a gap in the collection. Based on molecular data, P. 
korshinskyi in the collection may actually be P. com‑
munis subsp. caucasica or a complex hybrid, and P. 

complexa is a complex hybrid as the name suggests 
(Montanari et  al. 2020). Güner and Zielinski (1996) 
state that P. serikensis was “known until recently as 
P. boissieriana subsp. crenulata”, which GRIN rec-
ognizes as a synonym of P. cordata; the NPGS has 
22 accessions of P. cordata. Several other species not 
recognized in the IUCN have been assessed as endan-
gered or threatened, including P. elaeagrifolia subsp. 
bulgarica and P. yaltirikii in Turkey (Güner and Zie-
linski 1996), wild populations of P. communis ssp. 
pyraster in Germany and the Czech Republic (Endt-
mann 1999; Sĭndelář, 2002), P. calleryana in Japan 
(Ohba 1996), and P. kawakamii in Taiwan (Lear and 
Hunt 1996). The International Dendrological Society 
also lists P. magyarica as either endangered, vulner-
able, or rare; however, it is only described in Hun-
gary and likely a synonym of P. communis subsp. 
pyraster, (Barina and Kiraly 2014). Together, these 
mixed assessments highlight the importance improv-
ing access to accessions of these potential species, 
so that geneticists can better address their taxonomic 
positions and threatened status.

In situ reserves conservation efforts

In situ conservation, which refers to the preserva-
tion of wild populations of taxa in their natural 
range, is rare. In Germany, surveys have been made 
to identify endangered natural populations of P. 
communis subsp. pyraster (Fellenberg et  al. 2000; 
Wolf et  al. 2000). Six populations have been con-
served in Germany and additional in  situ popula-
tions have been conserved in the Czech Republic 
(Kleinschmidt et  al. 1998; Paprštein et  al. 2010, 
2002; Wagner 1999). Other such efforts at in  situ 
conservation have been planned for the Middle East 
(Amri et al. 2002). Surveys for natural populations 
of Pyrus and Cydonia have also been conducted in 
Albania (Kullaj et al. 2012), Azerbaijan, and Geor-
gia (Akparov and Musayev 2012; Maghradze et al. 
2012). Efforts to work with local people to con-
serve native forests are ongoing in Central Asia, 
particularly Kyrgyzstan (Eastwood et  al. 2009). 
In a report issued by the Food and Agriculture 
Organization, Maxted and Kell (2009) listed in situ 
reserves including pear in Azerbaijan (15 sites, 
6500  ha), Georgia (1 site, 6822  ha), Germany (1 
site, 374,432 ha), Moldova (5 sites, 19,300 ha), and 
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Turkey (1 site, 21,300 ha). More recent assessments 
additionally include protected areas in Kyrgyzstan 
(5 sites, 173,688  ha), Tajikistan (14 sites, 2.77 
million ha), Turkmenistan (2 sites, 189,910  ha), 
and Uzbekistan (1 site, 122,730  ha) (Lapeña et  al. 
2014).  In situ conservation has been extended to 
include on-farm conservation of landrace culti-
vars, either as new orchards or as preservation of 
existing trees and naturalized seedlings (Paprštein 
et  al. 2010, 2011).  Orchards of 91 pear landraces 
have been established in the eleven localities of the 
Czech Republic.

Current and emerging biotic, abiotic, production, 
and market vulnerabilities

Biotic vulnerabilities

The U.S. pear crop can be affected by many patho-
gens and arthropod pests (Sutton et al. 2016). Patho-
gens and especially arthropod pests can mutate to 
overcome pesticides and other control measures, and 
thus, constitute a continuing threat to the industry. A 
cost analysis determined the total cost per acre to con-
trol diseases, arthropod pests, and weeds for ‘Bartlett’ 
pear in southern Washington to be $1422, beginning 
in the 4th through 6th years after planting (Gallardo 
et  al. 2022). The major endemic diseases and pests 
are discussed below and summarized in Table  S4 
(Elkins et al. 2023; Murray et al. 2020; Sutton et al. 
2016; WSU 2023).

Bacteria, Fungus, and Virus‑caused Diseases

Bacterial blossom blast or  Pseudomonas 
blight Incited by the bacterium Pseudomonas syrin‑
gae pv. syringae Van Hall, this disease can signifi-
cantly decrease the crop in all production regions but 
is more important where cold and wet conditions pre-
vail in late winter and spring, such as northern Ore-
gon. The pathogen infects blossoms and young leaves, 
and can spread into woody spurs and, infrequently, to 
branches. Most European and Asian pears are suscep-
tible, although ‘Forelle’ and ‘El Dorado’ have been 
rated as moderately resistant. Red-skinned mutants 
of ‘Beurré d’Anjou’ and ‘Bartlett’ appear to be less 
susceptible than the green-skinned cultivar to canker 

(i.e., trunk) infections associated with cold tempera-
ture injury.

Fire blight The most serious disease of pears is 
caused by the bacterium Erwinia amylovora (Burrill) 
Winslow et al., and can infect blossoms, shoots, leaves, 
scaffolds, trunks, and rootstocks, potentially resulting 
in tree death of susceptible cultivars. Most major culti-
vars in production in the U.S. and elsewhere are highly 
susceptible (van der Zwet and Keil 1979). The pri-
mary infection court is the blossoms, so control meth-
ods target that organ. Although rare, infection through 
susceptible rootstock suckers can also occur. It is dif-
ficult to prevent and control, requiring prophylactic 
applications of copper compounds, antibiotics, or bio-
logical controls. The biology, disease cycle, and man-
agement of the disease has been reviewed by Kharadi 
et al. (2021) and van der Zwet et al. (2012). It has been 
a major factor in the restriction of large-scale commer-
cial production to the warmer and drier interior valleys 
of the Pacific coast states. Development of strains of 
the bacterium which are resistant to streptomycin and 
terramycin, antibiotics used to prevent blossom and, to 
some extent, shoot infections, highlight the vulnerabil-
ity of the industry. Of the major European (Pyrus com‑
munis) pear cultivars, ‘Seckel’ is moderately resistant 
to this disease, while ‘d’Anjou’ (including ‘Gebhard 
Red’ and ‘Striped’), ‘Le Conte’, ‘Olia’, ‘Winter Cole’, 
and ‘Winter Nelis’ have been reported as both resist-
ant and susceptible. Of the major cultivars of Asian 
pears, the P. x bretschneideri cultivars, ‘Ya Li’ and 
‘Tzu Li’, are at least moderately resistant. The P. pyri‑
folia cultivars, including the widely planted ‘Housui’, 
‘Nijisseiki’, and ‘Shinseiki’, are almost uniformly as 
susceptible as P. communis cultivars, but ‘A Ri Rang’ 
(syn. ‘Dan Bae’, ‘Korean Giant’, ‘Olympic’), ‘Shinko’, 
‘Meigetsu’, ‘Seuri’, and ‘Immamura Aki’ appear to be 
less severely infected than most Asian cultivars (Bell 
1991).

Collar and root rot The disease is caused by infec-
tion of fungal Phytophtora species, principally, P. cac‑
torum (Lebert & Cohn) Schröter. The disease is not as 
important in pear orchards as in apple orchards, where 
it can also infect rootstock crowns. Trees typically 
exhibit poor growth and leaf chlorosis. Necrotic and 
orange to red inner phloem tissue, revealed after bark 
removal, is symptomatic of the disease. Slow decline 
is typical, but sudden tree collapse can occur.
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European pear scab The fungal pathogen Venturia 
pirina Aderh. can cause severe infection of leaves and 
fruit in seven of the 11 major cultivars for which rea-
sonably reliable or repeatable observations have been 
made. ‘Bartlett’, ‘Conference’, and ‘Dr. Jules Guyot’ 
have been reported to be resistant, although artificial 
inoculations in a greenhouse produced symptoms on 
‘Bartlett’ as well as ‘Crimson Gem Comice’ and ‘Sen-
sation Red Bartlett’ (Postman et  al. 2005). ‘Forelle’ 
was the least susceptible of the major U. S. cultivars. 
Asian accessions were much less susceptible to both 
leaf and fruit infection. Westwood (1982) reports that 
P. pyrifolia is variable for resistance, and P. ussurien‑
sis is resistant. Presumably, P. × bretschneideri will be 
heterogeneous. Control requires repeated applications 
of fungicide, especially in the more humid production 
areas.

Oak root rot Also known as Armillaria root rot, 
the disease is caused by Armillaria mellea (Vahl) P. 
Kumm., a soil-borne fungal pathogen. The disease 
has been diagnosed in California and southern Oregon 
where orchards have replaced oak trees. It is associated 
with increased levels of irrigation and can infect root-
stocks previously thought to be resistant. Symptoms 
include slow decline in vigor, and sometimes rapid 
wilting. Dense white mycelial plaques form around 
the crown under the bark, and infected wood becomes 
spongy. It is frequently present in cool, moist soil. 
When associated with irrigation, fruit rots can occur; 
in these cases, it is also known as sprinkler rot. Con-
trol is difficult and there are no pesticides approved 
for use on existing orchards. Pre-plant fumigation, 
traditionally with methyl bromide, but more recently 
using other fumigants, is the best preventative con-
trol, with shallow crown planting as an added precau-
tion. Reducing irrigation frequency and keeping soil 
removed from the crown and upper root systems are 
cultural practices (Elkins et al. 1998). The University 
of California, Davis, has also developed an in  vitro 
screening procedure for oak root rot (Tweedy 2021).

Powdery mildew Powdery mildew, caused by the 
fungal species Podosphaera leucotricha (Ell. & Ev.) 
Salm., can cause damage to leaves, russet on fruit, 
and is particularly a problem in the Pacific North-
west. ‘Bartlett’ and ‘Beurré d’Anjou’ are moderately 
susceptible and susceptible, respectively, while ‘Win-
ter Nelis’ is reportedly moderately resistant (Fisher 

1922). In a study of the Pyrus core collection, the 
most susceptible cultivars were ‘Bartlett’, ‘Crimson 
Gem Comice’, ‘Gebhard Red d’Anjou’, and ‘Untoase 
de Geoagiu’, while Asian accessions were in general 
more susceptible, but heterogenous in their response 
(Kanato et  al. 1982; Serdani et  al. 2006; Westwood 
1982).

Cankers European canker is caused by the fungus 
Neonectria ditissima (Tul. & C. Tul.) Samuels and 
Rossman, and is primarily found along the Pacific 
coast, where rainfall is highest. Pear is less susceptible 
than apple; however, the fungus can cause eye rot and 
bull’s-eye rot, similar to other cankers (Murray et al. 
2020). Valsa canker, caused by Valsa ceratosperma 
(Tode ex Fr.) Maire, is common in Japan, Korea, and 
China, and has also been observed in North America. 
It affects the bark, resulting in branch girdling and 
death. No curative fungicides are available, but some 
fungicides may provide preventative control. It is 
widespread on P. ussuriensis and P. × bretschneideri 
cultivars but is less severe on P. pyrifolia cultivars. 
For the purposes of this report and assessing impact, 
P. communis will be assumed to be susceptible. The 
disease was reported to cause serious damage to pear 
in Italy in 2001 (Montuschi and Collina 2003). Other 
cankers have been identified that are mainly minor 
threats, for example pear branch canker, caused by 
Diplodia seriata De Not. (Choudhury et al. 2014).

Pacific Coast pear rust Caused by the fungus Gym‑
nosporangium libocedri (Henn.) F. Kern, this rust 
alternates between conifer hosts and hosts in the 
Rosaceae family. Typically, incense cedar, Calocedrus 
decurrens (Torr.) Florin, is the conifer host. Symp-
toms include fruit that becomes malformed and drops 
early and yellow-to-orange spots and pustules on the 
fruit surface (Murray et al. 2020).

Leaf, branch, and  fruit disease This fungal patho-
gen, Guignardia piricola (Nose) Yamamoto (syn. 
Botryosphaeria berengeriana f. sp. piricola (Nose) 
Koganezawa & Sakuma or Physalospora piricola 
(Nose)), exists in Japan, and is related to apple ring 
rot. It is listed by APHIS as an exotic pathogen, but 
it has been reported to be identical to Botryosphaeria 
dothidae (Moug.: Fr.) Ces. & De Not., which is present 
in the U.S. (Farr et al. 1989; Slippers et al. 2004). The 
Japanese authors, however, consider it to be distinct. 
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It is presumed that European pears are susceptible. It 
may be subject to control by the same fungicides used 
to control white rot (i.e., “bot rot”), caused by Botry‑
osphaeria dothidea, a common disease in the U.S.

Other fungal leaf and  fruit spot diseases Fabraea 
leaf spot, Fabraea maculata Atk., also known as 
Diplocarpon mespili (Sor.) Sutton (anamorph Ento‑
mosporium maculatum Lev.) can cause severe defo-
liation and fruit spots on most major European pears, 
although ‘Bartlett’ is moderately resistant. Asian cul-
tivars are generally more resistant, but not immune. 
A second pathogen, Mycosphaerella sentina (Fckl.) 
Schroet., causes a minor leaf spot which is primarily 
a problem in Europe. Both of these diseases can be 
controlled by frequent fungicide application, and they 
are not of concern in the dry Pacific coast production 
regions. Black spot is caused by the fungal pathogen 
Alternaria alternata (Fr.) Keissler and is primarily a 
postharvest disease.

Postharvest fruit rot diseases Several fungal path-
ogens which infect the fruit, either pre-harvest or 
postharvest, can account for as much as 30% loss of 
fruit in storage. The major diseases of pears are blue 
mold (Penicillium expansum Link), gray mold (Bot‑
rytis cinerea Pers.), Coprinus psychromorbidus Red-
head & Traquair (especially in the Hood River, OR, 
and Wenatchee, WA, districts), Mucor rot (Mucor 
piriformis E. Fischer), side rot (Phialophora malo‑
rum (Kidd & Beaumont) McColloch and Clad‑
osporium herbarum (Pers.) Link), and bull’s-eye rot 
(Neofabraea malicorticis [syn. Pezicula malicorticis 
(H. Jacks.) Nannf,]). Other minor diseases that also 
cause fruit decay in the orchard include Alternaria rot 
(Alternaria alternata (Fr.) Keissler), bot rot (Botry‑
osphaeria obtusa), black rot (Sphaeropsis malorum), 
white rot (Botryosphaeria dothidea (Mong.) Ces. & 
De Not.), bitter rot (Colletotrichum gloeosporiodes 
(Penz.) Penz. & Sacc.; teleomorph Glomerella cingu‑
lata (Stonem.) Spauld. & Schrenk), brown rot (Moni‑
linia fructicola (Wint.) Honey), and sprinkler rot 
(Phytophthora cactorum (Lebert & Cohn) Schröter). 
All major cultivars are susceptible to these diseases. 
‘Beurré Bosc’, in particular, is highly susceptible to 
side rot. Further, there are three species of brown rot 
pathogens that cause fruit rots of pear. Monilinia fruc‑
ticola is present in the U.S., whereas M. fructigena 
Honey is the most common species in Europe and is 

the one of quarantine significance. A third species, M. 
laxa (Aderh. & Ruhl.) Honey rarely causes fruit rot on 
pear. All European pear cultivars are presumed to be 
susceptible to these pathogens; however, no informa-
tion on Asian cultivars could be found.

Three new postharvest pathogens have been 
reported on ‘Beurre d’Anjou’ in Washington 
State. One is caused by Phacidiopycnis piri (Fucke) 
Weindlymayr, the anamorph of Potebniamyces pyri 
(Berkeley & Broome) Dennis, which is associated 
with bark necrosis and twig cankers of pear in the 
Pacific Northwest (Xiao and Boal 2004, 2005; Xiao 
et  al. 2005). The second, caused by Sphaeropsis 
pyriputrescens sp. nov., occurs at a low and spo-
radic level in some Washington orchards (Xiao and 
Rogers 2004). Stem and calyx end rots develop in 
storage.  The pathogen overwinters in cankers and 
twigs. The third, a recently reported and quaran-
tined disease, Yellow-Lambertella rot, is caused 
by Lambertella corni‑maris von Höhnel (Amiri 
et  al. 2017). Infection occurs through skin cuticle 
wounds, so avoiding stem punctures is important 
for control.  Infected fruit have spongy lesions with 
white mycelium, which changes to compact yellow 
mycelium.

In the case of pathogens which produce incipi-
ent or quiescent symptoms in the orchard or har-
vest bins (gray mold, bull’s eye rot, white rot, black 
rot, bitter rot, brown rot, sprinkler rot, and prob-
ably Sphaeropsis rot), orchard sanitation, including 
pruning diseased branches, and prophylactic fun-
gicide sprays will significantly reduce the amount 
of fruit rot developing later during storage. Other 
pathogens (blue mold, Mucor rot) primarily infect 
wounds caused by stem punctures and bruises dur-
ing harvest or postharvest handling and packing. 
Fruit loss to these diseases can be reduced by fun-
gicide dips and the practice of wrapping individual 
fruit in copper sulfate impregnated papers. Both 
types of control measures may be effective against 
Phacidiopycnis rot.

Pear decline This disease occurs throughout North 
America and was responsible for the extensive death 
of commercial pear orchards in the 1950’s to early 
1970’s until the causal pathogen, vector, and biol-
ogy were elucidated and control methods investigated 
(Gubler et  al. 2007). It is caused by a phytoplasma, 
‘Candidatus Phytoplasma pyri’ (Seemüller and Sch-
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neider 2004) transmitted primarily by the pear psylla, 
Cacopsylla spp. (Hibino and Schneider 1970). It 
causes sieve-tube necrosis below the graft union and 
is particularly severe when scion cultivars of the gen-
erally tolerant species, P. communis, are grafted onto 
rootstocks of the sensitive species P. pyrifolia or P. 
ussuriensis. Use of these latter rootstocks has been 
rare since the problem was recognized and tolerant 
rootstock substituted, along with adequate suppression 
of the pear psylla vector (Mitcham and Elkins 2007). 
All of the major P. communis cultivars are appar-
ently moderately tolerant to varying degrees, with the 
exception of ‘Clapp Favorite’ and ‘Conference’, which 
are susceptible (Graf 1977).

Viruses and viroids Viruses and viroids are typi-
cally only graft-transmissible and are not known to 
be insect or seed-transmissible. Therefore, the use 
of certified pathogen-free budwood for propaga-
tion is the primary defense against these diseases. 
They vary in the degree of deleterious effects, 
and symptoms of virus-caused diseases for which 
agents have been identified are summarized in 
Table  S4.  Molecular tests and identification (i.e., 
immunoassay, PCR, and qPCR) are available to 
help determine whether viruses or viroids are pre-
sent in a symptomatic sample. Efforts to move from 
immunoassays and PCR methods to more high-
throughput qPCR and next-generation sequencing 
(NGS) have been made. Currently, imported pome 
fruit are screened for over 19 + viruses and viroids 
before release. Diseases for which no known agents 
have been determined with solid evidence have 
been avoided here. Diseases with known agents 
that are of quarantine significance are listed in 
Table S5.

Arthropod pests

Integrated pest management programs and collabo-
rations for U.S. pear growing areas have developed 
detailed and regularly updated histories and descrip-
tions of common arthropod pests of the standing crop 
(Elkins et al. 2023; Murray et al. 2020; Sutton et al. 
2016; WSU 2023). Descriptions of pests, damage 
symptoms, and treatment and mitigation strategies are 
summarized below and in Table S4.

Pear psylla Cacopsylla pyricola Förster is the single 
most expensive pest to control in many pear produc-
tion districts in North America, where it is not under 
natural biological control. Psylla, both nymphs and 
adults, primarily feed on the phloem and xylem of 
leaves and young shoots, and secrete a sticky honey-
dew, which coats the fruit. The honeydew itself can 
russet fruit, as well as act as a growth medium for 
sooty mold. Severe infestation can cause psylla shock, 
stunted trees, defoliation, and fruit drop. Pear psylla 
transmit the pear decline phytoplasma. Progress in 
biological control and integrated pest management 
(IPM) has been made; however, the level of control 
necessary still requires the use of substantial amounts 
of insecticide where biological control is inadequate.

Codling moth Cydia pomonella L. is a serious pest, 
damage from which results in unmarketable fruit. It 
is considered the primary pest of pear in most IPM 
programs. Eggs are laid on the fruit surface, and the 
larvae feed directly on the fruit and bore into the flesh, 
frequently as far as the core where they feed on the 
seeds, leaving holes with frass protruding. As many as 
three broods per season can be produced. Insecticide 
resistance has become an issue, but advances in phero-
mone mating disruption and integrated pest manage-
ment have improved control.

Webspinning spider mites Two spotted mite (Tet‑
ranychus urticae Koch) leaf feeding causes necrotic 
areas on the leaves and defoliation if uncontrolled. Fall 
defoliation may lead to fall blooming and reduced 
crop the following year, as well as reduced winter har-
diness. European red mite, Panonychus ulmi (Koch), 
can be an occasional pest, causing mottled leaves, leaf 
bronzing, and rarely, defoliation. Biological controls 
(i.e., predatory mites and other insects) can effectively 
control mites, especially with the use of mating dis-
ruption for codling moth and “soft” pesticides.

Eriophyid mites The pear rust mite (Epitrimeris pyri 
(Nalepa)) causes fruit russeting and damage to leaves 
(e.g. bronzing). It is a cyclical pest and can be a par-
ticular problem in organic orchards. Pear leaf blister 
mite (Eriophyes pyri (Pagenstecher)) leaf feeding 
causes blisters which lead to late season leaf necrosis 
and premature leaf drop. The loss of leaves can weaken 
the tree, retard fruit maturation, and reduce fruit bud 
development. There can also be some damage to fruit 
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caused by pre-bloom feeding on buds. Leaf blister 
mite is also primarily a problem in organic orchards.

Grape mealy bug Pseudococcus maritimus 
(Ehrhorn) honeydew secretions cause a rough fruit 
russeting. Infestation of the calyx can cause fruit rots 
in storage. Various biological control insects may 
help to control this pest, and there are several insecti-
cides that provide good control, while sucker removal 
reduces overwintering sites.

Leafrollers There are four species of leafrol-
lers, which are the larvae of torticid moths.  They 
are sporadic pests in California and Pacific North-
west orchards.  The obliquebanded (Choristoneura 
rosaceana (Harris)), fruit tree (Archips argyrospila 
(Walker)), European (Archips rosana (Linnaeus)), 
and pandemis (Pandemis pyrusana Kearfott) leaf-
rollers are the principal pear pests. The larvae roll 
the leaves to provide shelter, and feed on leaves, 
buds, and the fruit skin. Early season fruit feeding 
results in fruit abortion or deformed fruit with corky 
scars.  Late season damage often occurs between 
fruit in clusters. Leafrollers can develop resistance 
to insecticides very quickly.

Sawflies (pear slug) Three species of sawfly are 
found as minor pests for pears (Caliroa cerasi, Pris‑
tophora abbreviate, and Ametastegia glabrata), as 
their larvae eat round holes in the leaves. When feed-
ing is heavy, only the midribs of leaves may remain. 
Regular spray programs, however, keep sawflies 
under control in most cases. Occasionally, high pop-
ulations may occur in organic pear orchards.

San Jose scale Quadraspidiotus perniciosus 
(Comstock) feeds on bark, leaves and fruit, and large 
populations can kill shoots.  Fruit damage includes 
a red halo on the fruit skin around the scale’s body, 
which usually results in fruit culling. Thorough dor-
mant sprays usually control this pest.

Stink bugs and  Lygus bugs The consperse stink 
bug (Euschistus consperus Uhler) is a common 
stink bug.  Damage is expressed as shallow dim-
ples on the fruit, with a brown, pithy area in the 
flesh.  The tarnished plant bug, Lygus lineolaris 
(Palisot de Beauvois), the brown lygus bug (Lygus 
hespersus), and the green lygus bug (Lygus elisus) 

are the common lygus bugs. Feeding damage to 
developing buds is usually not serious, but early-
season feeding on the fruit results in raised pus-
tules and deformed fruit, and late season feeding 
leaves depressions in the fruit similar to stink 
bug damage. A recent and potentially serious pest 
(Leskey et al. 2012) is the brown marmorated stink 
bug (Halyomorpha halys Stål). Feeding results in 
fruit sunken areas of the fruit and brown corky tis-
sue under the skin and in the flesh (Leskey et  al. 
2009). It is an invasive pest which was introduced 
in the mid-1990s in Pennsylvania and has spread 
throughout the Mid-Atlantic into New York, west-
ward into Michigan, and throughout the pear grow-
ing areas of eastern Washington, the Willamette 
Valley in Oregon, and central California.

Abiotic and physiological vulnerabilities

Climate‑related vulnerabilities Nationally, Pyrus 
accessions are grown across a range of diverse geo-
graphical areas and climates, which can affect key 
developmental processes such as entrance into dor-
mancy, cold-hardiness of wood and buds, accumula-
tion of chilling hours, and bud break. Climate change 
has introduced more unpredictability and extreme 
temperature events that can have major impacts on 
these processes. Late fall and early spring warming 
can shorten the number of chilling hours accumulated, 
particularly in warmer climates, which leads to issues 
with bud break (Vyse et al. 2019). In cooler climates, 
where conditions for chilling hour accumulation are 
more reliably met, spring warming in combination 
with late spring frosts can cause extensive damage to 
buds that have broken dormancy. Further, successful 
pollination or parthenocarpic fruit set earlier in the 
season can shift the entire developmental timeline, 
such that harvest occurs earlier and at a warmer part of 
the summer, with higher risks for heat-related injury 
to fruit. In fact, a study on pome fruit in Romania 
demonstrated significant shifts in the timing of pheno-
logical stages of pears and apples from 1969 to 2018 
(Chitu and Paltineanu 2020). While extreme summer 
heat events are also becoming more frequent (Cou-
mou and Rahmstorf 2012), the effect of heat stress on 
pear fruit is not well known. As orchards adopt more 
high-density systems, fruit exposure to sunlight may 
become more of an issue. A warming climate is also 
predicted to lead to decreased and/or unpredictable 
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rainfall, or decreased irrigation water supplies in areas 
that depend on snow melt-off (IPCC 2023). There-
fore, drought resistance will become more critical for 
both scion and rootstock cultivars. Climate predic-
tions for Corvallis, Oregon, the location of the Pyrus 

germplasm collection, include increasing minimum 
and maximum temperatures, and decreased precipi-
tation in the drier parts of the year (Fig. 3). Climate 
extremes impact both scion and rootstock health. The 
effects of winter warming on fruit tree phenology will 
be complex and difficult to predict or make general-
ized statements across growing regions (Darbyshire 
et al. 2014). A few investigations have begun to iden-
tify genes and genetic regions associated with break-
ing dormancy in Pyrus species (Anh Tuan et al. 2016; 
Gabay et al. 2019; Zhang et al. 2015). Further study of 
climate impact on pears, and application of research 
from other pomes, such as apple, will be necessary 
to better prepare for future abiotic stresses. Important 
abiotic factors for pears also include soil characteris-
tics. Iron chlorosis due to high pH soils continues to be 
a problem, particularly in California; therefore, evalu-
ation of germplasm leading to the selection or devel-
opment of rootstocks with tolerance to this soil factor 
will be needed. Likewise, adaptation to a range of soil 
types and moisture content is needed. The interaction 
of abiotic and biotic threats should also be noted, as 
climate change alters factors like pest life cycles and 
soil microbiome composition (IPCC 2023; Singh et al. 
2023).

Physiological disorders Pear fruit are subject to 
several physiological postharvest disorders. Core 
breakdown, characterized by a softening and brown-
ing of the flesh, is associated with overmature fruit, 
but cultivars differ in their susceptibility. Superficial 
scald is characterized by the development of brown 
skin following removal from cold storage. ‘Beurre 
d’Anjou’ is particularly susceptible. Predisposing 
factors are immaturity at harvest, low calcium, high 
fruit nitrogen, and other handling factors. Senescent 
scald affects the entire fruit, which fails to ripen. Cork 
spot of ‘Anjou’ pears results in an uneven fruit sur-
face, with corky lesions under the skin. It is associated 
with low fruit calcium and high nitrogen content of 
the fruit. Pink calyx of ‘Bartlett’ is a premature ripen-
ing disorder associated with cool growing conditions 
starting about a month before harvest (Mellenthin and 
Wang 1977). Sunburn and heat damage is associated 
with water stress and poor canopy vigor exposing fruit 
mainly on south and west exposures in the Northern 
hemisphere.
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Fig. 3  Climate predictions for Corvallis, OR, location of the 
NCGR Corvallis Pyrus collection. A Maximum temperature 
for the warmest month, under historical temperatures (1970–
2000) and four Shared Socioeconomic Pathways (SSP) pre-
diction scenarios (cite IPCC report). SSPs have been used in 
the IPCC Sixth Assessment Report on climate change and are 
determined by Integrated Assessment Models, which consider 
socioeconomic and climate pathways. SSP1-2.6 represents a 
model in which greenhouse gas (GHG) emissions decline to a 
net zero by 2070, SSP2-4.5 represents GHG emissions remain-
ing around current levels, and SSP3-7 and SSP5-8.5 repre-
sent models where GHG emissions double by 2100 and 2050, 
respectively (IPCC report). B Predicted minimum temperature 
for the coolest month. C Precipitation for the driest months 
predicted for Corvallis, OR. Graphs were generated by the 
NPGS Climate Futures application (https:// geoce ntroid. shiny 
apps. io/ npgsc limat efutu res). (Color figure online)

https://geocentroid.shinyapps.io/npgsclimatefutures
https://geocentroid.shinyapps.io/npgsclimatefutures
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Production and market vulnerabilities

Production related vulnerabilities The lack of 
adapted rootstocks that induce precocious and high 
sustained yields while controlling tree size, to a level 
which is easier to manage and harvest, is perhaps the 
single most important vulnerability of pear produc-
tion in the U.S. (Elkins et al. 2012). To maintain an 
economically viable industry, rootstocks are needed 
that produce trees 50% the size of those on Pyrus 
communis seedling (e.g. ‘Bartlett’ and ‘Winter Nelis’ 
seedling) rootstock, induce cropping in the third year 
after planting, have resistance to fire blight and pear 
decline, and are cold-hardy in temperate regions of the 
country.

Market vulnerabilities and  consumer prefer‑
ence Pear consumption in the U.S. has generally 
deceased over the last 20 years. Per capita consump-
tion of fresh pears was highest in the year 2000 at 
3.39 pounds and decreased to a low of 2.67 pounds in 
2015 (ERS and USDA 2022). Since 2015, per capita 
consumption has risen back to 3.12 pounds in 2021 
(ERS and USDA 2022). This overall decrease in fresh 
pear consumption and lack of full return to peak levels 
could be attributed to a number of reasons, including 
the difficulty in postharvest storage, ripening, supply 
chain processes associated with the pear market, and 
consumer preference.

The storage and ripening (cold conditioning) 
requirements of European pears have been long-term 
vulnerabilities to the crop. The vast majority of Euro-
pean pear cultivars and cultivars require a subjective 
assessment of harvest timing and complicated cold 
storage ripening requirements (Sugar 2007). For har-
vest timing, most pear cultivars are picked when they 
reach a target firmness, sugar level, and to a lesser 
extent, exhibit desirable coloration. Complications 
from fruit position within the tree, tree size, root-
stock, and seasonal environmental conditions, how-
ever, can hinder fruit maturation processes. Moreover, 
the cold condition requirement is highly genotype-
dependent and is not always uniform between grow-
ing sites within a season (Kupferman et al. 2010; Vil-
lalobos-Acuna and Mitcham 2008). Once in storage, 
markets demand variable removal times. The use of 
1-Methylcyclopropene (MCP) is abundant in extend-
ing storage times of apple and pear, but the effect 
in pear is complicated by the delicate balance of 

delaying ripening versus complete inhibition of rip-
ening (Zhang et  al. 2020). Considering that, 1-MCP 
has been used to delay ripening for ‘Bartlett’, ‘Beurré 
Bosc’, and ‘Beurré d’Anjou’ and preserve eating qual-
ities, but has been found to negatively affect eating 
quality of ‘Doyenné du Comice’ (DeEll and Ehsani-
Moghaddam 2011; Guo et al. 2020; KC et al., 2022).

Many points throughout the supply chain highlight 
the vulnerabilities of pears. Firstly, pears are highly 
susceptible to mechanical and frictional damage. This 
damage typically occurs during the shipping and han-
dling process, such as scuffing due to rough surfaces 
and coarse movements on conveyor belts, peel-to-peel 
or peel-to-crate contact, and bruising during the ship-
ping process due to improper packaging and, again, 
coarse or high-frequency movements of the transport 
vehicles (Berardinelli et  al. 2005; Meheriuk et  al. 
1994). Due to the high phenolic content of the peels 
and activity of polyphenol oxidase (PPO), browning 
of the damage area occurs rapidly when membrane 
integrity is damaged (Franck et al. 2007; He and Luo 
2007; Meheriuk et  al. 1994). Following enzymatic 
browning, the fruit becomes unmarketable due to 
its appearance and increased susceptibility to post-
harvest rots (Franck et  al. 2007; He and Luo 2007). 
There have been attempts to address these challenges, 
however, through application of antioxidant coats to 
protect the fruit from browning with some success 
(Feng et al. 2004).

Consumer preferences also shape the vulnerability 
of Pyrus. The United States has been traditionally a 
European pear market. Turner et al. (2005) and Elkins 
et al. (2008) published research using 6–10 cultivars 
for consumer preference tests with European pears. 
The most important factors to determine consumer 
preference were related to texture, tartness and sour-
ness, and juiciness. The top performing cultivars, 
alternative to ‘Bartlett’, were ‘Concorde’, ‘Blake’s 
Pride’, ‘Sunrise’, and US71665-014 (‘Gem’). A more 
recent evaluation of six early and late season pear cul-
tivars found consumers remain interested in juiciness, 
melting texture, and sweetness, in that order (Colonna 
et  al. 2023). More interestingly, consumers highly 
valued pears that change color during ripening. This 
result suggests consumers lack knowledge on deter-
mining optimal eating time for store bought fruit. 
Additionally, this study found ‘Paragon’ and ‘Bartlett’ 
as the most desirable cultivars (Colonna et al. 2023). 
The changing preferences in cultivars but consistent 
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desire for melting flesh, sweet, and juicy European 
pears present an opportunity to market new culti-
vars. Another consideration is the increasing popula-
tion of migrants from Asian countries resulting in an 
increase in production and sale of Asian pear types. 
Here, consumers have communicated their willing-
ness to purchase cultivars such as ‘Yoinashi’, ‘Olym-
pic’, ‘Shinko’, and ‘Atago’ (Walsh et al. 2016).

NPGS pear germplasm collection

Germplasm collection

The National Clonal Germplasm Repository (NCGR 
Corvallis) in Corvallis, Oregon houses the germplasm 
collections for Pyrus and related rootstock genera 
(USDA NPGS NCGR Corvallis 2023). It is a facil-
ity of the National Plant Germplasm System (NPGS), 
a program of the U.S. Department of Agriculture’s 
Agricultural Research Service. The facility was estab-
lished in 1980, with the purpose of conserving tem-
perate fruit and nut crops as living, ex situ collections. 
The NCGR Corvallis Pyrus collection spans the 37 
species listed in GRIN. Pyrus and all related root-
stock genera, with the exception of Amelanchier spe-
cies and Sorbus americana Marshall, are not native to 
the United States, thus the collection is important for 
developing diverse gene pools for direct use and crop 
improvement. Germplasm is evaluated for desirable 
traits, as well as tested for viruses, viroids, bacterial, 
and fungal diseases. The climate in Corvallis is ideal 
for maintaining a globally diverse set of Pyrus germ-
plasm, given its relatively mild weather and disease 
pressure.

Holdings, maintenance, security backups, and 
passport information

The NCGR Corvallis collection currently holds 2793 
Pyrus germplasm accessions (Tables  2 and S6). 
These represent holdings from 59 countries, includ-
ing 101 accessions from uncertain geographical ori-
gin. Additionally, the NCGR Corvallis collection 
holds 146 Cydonia oblonga L. (Quince) accessions 
from 19 countries of origin. The Pyrus collection 
is maintained as 392 seedlots stored at – 18  °C and 
2111 clonal or seedling trees growing in 5.5 hectares 
of field plantings. Seedlots generally represent wild 

collected samples of primary Pyrus species. Approxi-
mately 48% of the field trees represent European 
pear cultivars, 9% are Asian cultivars, 5% are hybrid 
(Asian × European) cultivars, and 38% represent wild 

Table 2  Pyrus holdings per species

Per species
Taxon Count

Pyrus betulifolia 72
Pyrus communis 1109
Pyrus communis subsp. caucasica 178
Pyrus communis subsp. communis 39
Pyrus communis subsp. pyraster 147
Pyrus cordata 20
Pyrus cossonii 5
Pyrus dimorphophylla 29
Pyrus elaeagrifolia 34
Pyrus fauriei 35
Pyrus gharbiana 7
Pyrus glabra 4
Pyrus hybr 226
Pyrus koehnei 17
Pyrus korshinskyi 18
Pyrus mamorensis 12
Pyrus pashia 43
Pyrus pseudopashia 2
Pyrus pyrifolia 145
Pyrus pyrifolia var. pyrifolia 1
Pyrus regelii 14
Pyrus sachokiana 7
Pyrus salicifolia 77
Pyrus spinosa 118
Pyrus spp. 40
Pyrus syriaca 30
Pyrus ussuriensis 121
Pyrus × bretschneideri 31
Pyrus × calleryana 117
Pyrus × canescens 4
Pyrus × complexa 3
Pyrus × hondoensis 31
Pyrus × neoserrulata 3
Pyrus × nivalis 28
Pyrus × phaeocarpa 3
Pyrus × sinkiangensis 12
Pyrus × uyematsuana 2
Pyrus × xerophila 9
Total 2793
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Pyrus species. Backup trees for about 500 less cold 
hardy or fire blight susceptible clones are maintained 
in small tube pots in a glasshouse. The Cydonia col-
lection is maintained as 28 seedlots stored at – 18 °C, 
and 176 clonal or seedling trees growing in a 0.5 hec-
tare orchard (USDA ARS 2023a).

Clonally propagated collections maintained in 
the field or greenhouse are particularly vulnerable 
to abiotic and biotic stresses. NPGS collections can 
be securely backed-up at the National Laboratory 
for Genetic Resources Preservation (NLGRP) in 
Fort Collins, Colorado. NLGRP offers both − 18 °C 
seed storage capacity as well as liquid nitrogen stor-
age for cryopreserved materials. Pyrus seeds are 
classified as orthodox and can be stored at either 
− 18 °C or in liquid nitrogen (SER et al. 2023). At 
this time, seeds from 16 Pyrus accessions (repre-
senting original seeds from collection trips) are pre-
sent at NLGRP.

Vegetatively propagated materials valued for their 
specific allelic combinations (i.e., cultivars) can be 
cryopreserved as either 1  mm shoot tips or as dor-
mant bud segments. A slow-cooling method was 
developed and implemented to cryopreserve shoot 
tips from in  vitro-grown pear plants (Chang and 
Reed 2000, 2001; Reed et al. 2013). The same slow-
cooling method was also used at NLGRP to continue 
to cryopreserve accessions in the NCGR Corvallis 
Pyrus collection. More recently, a Pyrus dormant 
bud cryopreservation method has been implemented 

at NLGRP (Tanner et al. 2021). In total, 228 unique 
Pyrus accessions are preserved in liquid nitrogen at 
NLGRP as either shoot tips or dormant buds.

Passport data are recorded in GRIN-Global and 
are publicly available. Passport data include: collec-
tion site, general description of the site and the acces-
sions, latitude, longitude, GPS coordinates, elevation, 
and habitat information. Other information recorded 
in GRIN-Global include accession number (PI, which 
refers to the unique Plant Introduction Number and/ 
or CPYR, for Corvallis Pyrus, a prefix for each pear 
inventory conserved at the NCGR Corvallis), collec-
tor (if from an exploration), date the accession was 
received, backup status, accession name, availability, 
narrative (about the accession), source history (devel-
opment or collection information), pedigree, observa-
tion (phenotypic and genotypic data), images (mostly 
leaves or fruit), and vouchers (herbarium specimen), 
if available.

Distribution and outreach

Pear genetic resources are distributed as seed, dor-
mant budwood (scion and budwood), leaves, fruit, 
pollen, and DNA. Scionwood is distributed during 
the dormant season in mid-winter in the United States 
and by far exceeds all other forms of pear material 
distributed. Lyophilized leaf material and/or DNA 
are increasingly shipped particularly overseas for 
genetic research. Since 2006, the NCGR Corvallis 

Fig. 4  Distributions of 
Pyrus germplasm from 
the NCGR Corvallis 
between 2000 and 2022. 
CPYR stands for Corval-
lis Pyrus, a prefix for each 
pear inventory conserved 
at the NCGR Corvallis. 
Numbers of accessions each 
year that are distributed 
nationally and internation-
ally as in vitro propagules 
(CPYR_IV, blue), scion 
(CPYR_SC, orange), or 
seed (CPYR_SD, grey). 
(Color figure online)
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has distributed a minimum of 950 accessions per 
year to researchers worldwide (Fig.  4). While pear 
has been distributed to 24 foreign countries, distribu-
tion in the U.S. exceeds that sent to all other countries 
by tenfold. In 2020, the NPGS reduced distribution 
to home-gardeners, resulting in a significant drop in 
NCGR Corvallis Pyrus distributions. Most requested 
accessions over the past 40 years are summarized in 
Table S8.

U.S. and international visitors include students, 
researchers, breeders, growers, and other stakeholder 
groups. Occasionally open houses are held in the fall 
season during fruiting to highlight the diversity of the 
pear collection.

Acquisitions and explorations

Since 2007, 436 accessions have been acquired 
by the NCGR Corvallis. These include accessions 

from two species that were not previously available, 
P. × neoserrulata, and P. × sinkiangensis. We have 
also increased our holdings of the following species: 
P. communis and its subspecies communis, cauca‑
sica, and pyraster; P. korshinskyi; P. pyrifolia; P. sali‑
cifolia; P. spinosa (= P. amygdaliformis); P. syriaca; 
P. ussuriensis; P. × bretschneideri; as well as Pyrus 
species hybrid accessions. Acquisitions and most 
requested clones are reported in Tables S7 and S8.

Exploration excursions funded by the USDA over 
the past 100 + years have served as an important 
mechanism for acquiring germplasm and address 
gaps in the collection (Table  S9) (Arnold Arbore-
tum 2023; USDA ARS NCGR Corvallis 2022; van 
der Zwet et al. 1989, 1987). Trips taken in the early 
1900’s contributed accessions that built the foun-
dation of the collection as it exists today (Fig.  5). 
Pyrus centers of origin and diversity are wide-
spread, and policies specific to each country affect 

A. B. C.

D. E. F.

Fig. 5  Photographs from Frank C. Reimer’s expedition to 
China, Japan, and Korea in 1919. A Reimer traveling by don-
key while investigating pears in northern China. B P. callery‑
ana, medium sized, near Yihsien, Shantung, China. C trees in 

a P. betulifolia grove near Ping Ku, China. D fruit identified as 
P. uyematsuana, photographed at Yokkaichi, Japan. E P. betu‑
lifolia branch, leaves, and fruit at Nantai, China. F fruit of the 
‘Ya Kuang Li’ cultivar, obtained at the market in Peking, China
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access to their genetic resources. All legal frame-
works must be followed for any exchange or explo-
ration activities, including receiving appropriate 
permissions from landowners and governments, as 
well as abiding by the International Treaty on Plant 
Genetic Resources for Food and Agriculture (FAO 
2009). Phytosanitary restrictions (Kinard 2020) 
and detailed guidelines on planning and conduct-
ing NPGS explorations must be followed (Williams 
2020a, b). Seed and budwood is imported into the 
U.S. according to USDA-APHIS regulations and 
policies. A total of 50 vegetatively propagated 
accessions (budwood) of pome fruit species (apples, 
pears, quince, etc.) per year are accepted by the 
APHIS quarantine program. These clonal importa-
tions undergo a multiyear process of indexing and 
clean-up prior to provisional release. Seeds are also 
imported through the USDA quarantine program 
but are usually released much more quickly, because 
there are no known seed transmitted pathogens of 
pear. Importation of seed would be appropriate for 
wild populations.

Genetic coverage and gaps

World Pyrus taxa are very well represented in USDA 
genebank holdings. Several endangered or critically 
endangered species noted above are not present at 
the NCGR Corvallis, but the validity of these taxa 
are in question and living specimens are not avail-
able to study. Pyrus taxa recognized by USDA ARS 
that are not well represented include: P. cossonii (5 
accessions), P. gharbiana (7 accessions), P. korshin‑
skyi (18 accessions), P. mamorensis (12 accessions), 
and P. pseudopashia (2 accessions) (Table 2). Some 
of these numbers over-represent genetic coverage in 
cases where individual trees were assigned unique 
accessions but originated from a single or very few 
seed samples. For example, a number of single tree 
accessions of P. gharbiana and P. mamorensis were 
received from a field collection at Oregon State Uni-
versity, but these were discovered to have originated 
from a single seedlot for each species. Likewise, indi-
vidual P. korshinskyi clonal accessions originated 
as seedlings from a very small number of seed sam-
ples. Several hybrid species such as P. × canescens, 
P. × complexa, P. × neoserrulata, P. × phaeocarpa and 
P. × uyematsuana are also poorly represented at the 

NCGR Corvallis but are derived from other species 
that are well represented (Table 2).

The natural ranges of some represented Pyrus 
taxa span geographic areas that are not well repre-
sented in the collection. For example, P. communis 
cultivars and wild relatives are present throughout 
Europe, but the NCGR Corvallis has very few acces-
sions from Scandinavia or the Baltic countries and 
not a single accession from Finland, Latvia, Lithu-
ania, or Norway. Many traditional pear cultivars are 
grown in Greece and several wild relative species are 
native there, but Greece is poorly represented at the 
NCGR Corvallis. Native pears from North Africa 
are also poorly represented, except for several acces-
sions from Tunisia. The drought resistant species P. 
syriaca is native throughout the Middle East, but the 
NCGR Corvallis only has a few accessions that came 
from Syria and Israel. Populations from surrounding 
countries (Lebanon, Jordan, Iraq, Iran, Saudi Ara-
bia, etc.) are not represented. There is a long history 
of pear cultivation in Afghanistan, Iran, and Iraq, but 
neither cultivars nor wild relatives from this region 
are well represented at the NCGR Corvallis, if at all 
(Table S6).

Genotypic and phenotypic characterization of the 
collection

Simple sequence repeat (SSR) and single nucleotide 
polymorphism (SNP) markers have been used to gen-
otype accessions at the NCGR Corvallis. Volk et al. 
(2006) used 13 microsatellite markers to differentiate 
145 P. communis subsp. pyraster and subsp. cauca‑
sica in the NPGS. In 2009, 10 Expressed Sequence 
Tag (EST)-SSRs were developed from Genbank 
sequences and used to identify 81 P. communis, 13 
P. pyrifolia, and 20 P. ussuriensis or P. x bretshnei‑
deri accessions (Bassil and Postman 2010). An easy 
to use and cost-effective, multiplexed DNA finger-
printing set was developed in 2020, named the “U.S. 
Pyrus Genetic Resources” (USPGR) set, comprised 
of 10 SSR primer pairs and included eight primer 
pairs with long core repeats and two dinucleotide-
containing SSRs (Zurn et  al. 2020). It was used to 
genotype 237 accessions from the NCGR Corvallis 
collection, and has been routinely used to genotype 
further accessions (Zurn et al. 2020). Genotypes are 
currently available for 568 accessions. Furthermore, 
1,650 pear accessions from the NCGR Corvallis were 
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genotyped with an Axiom™ array of 70,000 single 
nucleotide polymorphism (SNP) markers (Montan-
ari et al. 2019, 2020). A total of 1,331 pear trees had 
unique genotypes, and a pedigree was reconstructed 
for 637 duos/trios (sets of two or three cultivars that 
have parent–offspring relationships). Pedigrees were 
confirmed for 139 cultivars and elucidated for 498 
cultivars that did not have previous parentage infor-
mation. Montanari et al. (2020) identified 218 groups 
of duplicates representing 534 trees, of which 54 were 
previously unknown. Comparison of fruit phenotypes 
of 56 Asian x European hybrid cultivars that are 
widely grown in warm climates, such as India, Paki-
stan, the Middle East, and the South Eastern U.S., 
due to their low chilling requirements and tolerance 
to fire blight confirmed that: 11 each are duplicates 
of ‘Kieffer’ or ‘Le Conte’; nine each are duplicates of 
‘Garber’, ‘La Providence’, or ‘Naspate’; and seven are 
duplicates of ‘Baldwin’ in the NCGR Corvallis col-
lection (Bassil et al. 2023). The remaining duplicates 
are being confirmed through phenotypic assessments. 
Chloroplast sequences have also been used to charac-
terize diversity and relationship among Pyrus acces-
sions in the collection, as well as place them within 
the larger collection of Maleae taxa within the NPGS 
(Volk et al. 2019).

The pear NPGS collection has been phenotypically 
evaluated for incidence of diseases and insects, as 
well as architectural, production, fruit, and phenology 
traits of interest to breeders, researchers and growers 
(Table S10). Ploidy was estimated for by flow cytom-
etry and resulted in identification of one tetraploid, 
87 triploid, two diploid/tetraploid chimera, one ane-
uploid, and 1170 diploid accessions. Disease evalu-
ations included fruit scab, leaf scab, Fabraea leaf 
spot, mildew, rust, and bacterial blossom blast. Rat-
ing for damage caused by blister mites was also esti-
mated. Tree and architecture traits recorded include: 
tree symmetry and shape; branch angle, density, and 
stiffness; central leader; and bark characteristics and 
texture. Some of the fruit traits that were phenotyped 
consist of: flavor; quality; amount and location of rus-
seting; flesh color and texture; calyx, core, and cavity 
traits; number of carpels; size and number of lenti-
cels; and percent of fruit surface with overcolor. Phe-
nological descriptors consisted of bloom (first, full, 
and last) as well as full ripening dates. Production 
traits assessed include chilling requirement, precocity, 
and yield.

Crop Germplasm Committee and additional 
germplasm characterization

The Pyrus Crop Germplasm Committee provides rec-
ommendations and information to the National Plant 
Germplasm System and the National Clonal Germ-
plasm Repository on matters related to the germ-
plasm collection, including composition, evaluation, 
exploration and acquisition, and maintenance. It also 
reviews proposals for the NPGS germplasm evalua-
tion grant program, ranks the proposals, and recom-
mends funding decisions (Table  S11). Information 
about the Pyrus CGC activities is available online 
(Pyrus CGC 2023).

Genetic and genomic databases

NCGR Corvallis Pyrus collection data are maintained 
in GRIN-Global, the information system for the 
National Plant Germplasm System. Public informa-
tion relating to inventory, passport data, and pheno-
typic and genotypic data are available online (USDA 
ARS 2023a). The NPGS Pyrus taxonomic informa-
tion is available through GRIN-Taxonomy (USDA 
ARS 2023b). Pyrus genotypic and genomic data are 
also available in the Genome Database for Rosaceae 
(GDR) (GDR 2023; Jung et al. 2019). Genomic data 
is also often deposited in the National Center for 
Biotechnology Information (NCBI 2023). There are 
several national research organizations that deal with 
genomic resources and breeding, such as the U.S. 
Rosaceae Genomics, Genetics, and Breeding Execu-
tive Committee (RosEXEC) and the Rosaceae Inter-
national Genomics Initiative (RosIGI).

Other genetic resource capacities

Germplasm collections outside of NPGS

Large pear germplasm collections are maintained 
throughout the world. Collections in Europe, the 
U.K., and Asia are summarized in Table S12 (Mag-
gioni et  al. 2004; Morgan 2015; NIHHS 2016). The 
European Cooperative Programme for Plant Genetic 
Resources (ECPGR) coordinates long-term con-
servation and utilization of plant genetic resources, 
including Pyrus, in Europe (ECPGR 2023). Many 
non-government organizations throughout the world 
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also maintain significant pear germplasm collec-
tions, for example, the heirloom cultivar collection 
at Filoli Gardens in California, and collections held 
by individual members of amateur grower organi-
zations, such as the North American Fruit Explor-
ers (NAFEX) and the California Rare Fruit Grow-
ers (CRFG). Additionally, pear breeding programs 
throughout the world generally maintain small collec-
tions related to their breeding goals. Long- and short-
term university collections and trials, mainly housed 
on experiment station land but also on private land, 
have diminished due to the high maintenance costs 
and competition for scarce land and labor resources.

Genomic resources

With decreasing costs of sequencing, genomic 
resources for Pyrus are becoming more abundant. 
The first genome sequence made available was the 
Asian pear P. × bretschneideri ‘Dangshansuli’, which 
was assembled using a hybrid approach of bacterial 
artificial chromosome (BAC)-by-BAC method using 
next-generation sequencing (NGS) (Wu et al. 2013), 
and a later revision provided some quality improve-
ments using genetic maps to re-scaffold the genome 
(Xue et  al. 2018). Shortly thereafter, a draft assem-
bly of the European pear P. communis ‘Bartlett’ was 
released (Chagne et  al. 2014). This first wave of 
genomes led the way for genomic pear research, but 
exhibited a high degree of fragmentation due to reli-
ance on early NGS sequencing technology. Over the 
next five years sequencing technologies advanced 
through broadening access to long-reads, more 
advanced scaffolding methods such as high-through-
put chromatin conformation capture (Hi-C) sequenc-
ing, and optical mapping, along with improvements 
in genome assembly and annotation software. As 
a result, in 2019 the first chromosome-scale Pyrus 
assembly was released for a hybrid P. ussuriensis × P. 
communis ‘Zhongai 1’ (Ou et  al. 2019). Within the 
same year an assembly of doubled haploid ‘Bartlett’ 
was released (Linsmith et al. 2019) followed by a P. 
betulifolia, another Asian pear cultivar (Dong et  al. 
2020). These three genome assemblies represent vast 
improvements over the previous genomes, with high 
contiguity. We summarize quality parameters of cur-
rently available genomes in Table  S13. Since 2021, 
three more genomes have been released, two P. pyri‑
folia assemblies for ‘Nijisseiki’ and ‘Cuifuan’, and P. 

communis ‘Beurré d’Anjou’ (Gao et al. 2021; Shira-
sawa et  al. 2021; Zhang et  al. 2022). Further, the P. 
communis cv. ‘Bartlett’ doubled haploid genome was 
polished to improve gene models (Zhang et al. 2022).

Although genome resources are increasing in 
availability for Pyrus, a need to broaden the diversity 
in sequenced species is needed. Currently, three spe-
cies genomes are available (P. betulifolia, P. commu‑
nis, and P. pyrifolia) along with two hybrids. These 
genomes represent less than 15% of the known spe-
cies and hybrids available. Indications from the cur-
rently available genomes suggest that Pyrus genome 
size is considerably variable, ranging from 427 to 
600  Mb when comparing chromosome-scale assem-
blies. Predicted gene content is highly variable with 
a minimum of 37,445 and a maximum of 59,552 
predicted genes reported (Table  S13). Furthermore, 
haplotypic variation has not been explored as most 
of the available genomes underwent limited phas-
ing or represent a mix of haplotypes. Taken together, 
these results indicate a tremendous potential for novel 
sequences and genes within the genus and more 
efforts are needed to expand the available genomic 
resources for Pyrus.

Beyond nuclear genome sequences, chloroplast 
genomes include P. pyrifolia ‘Housui’, P. pyrifolia 
‘Wonwhang’, P. ussuriensis, P. phaeocarpa, P. hopei‑
ensis, and the invasive P. calleryana species (Cho 
et  al. 2019; Chung et  al. 2017; Gil et  al. 2019; Li 
et al. 2018; Nowicki et al. 2022; Terakami et al. 2012; 
Xiang et al. 2019). Chloroplast sequences have been 
used to explore genetic diversity of threatened Pyrus, 
such as P. hopeiensis (Li et al. 2018).

DNA markers including microsatellite (simple 
sequence repeats or SSRs) and SNP (single nucleo-
tide polymorphisms) markers were developed in pear 
and have been used for cultivar identification, diver-
sity assessment, linkage mapping, QTL analyses, 
and genome wide association, among others (Li et al. 
2022). There are over 1000 SSRs in pear (Yamamoto 
2021) and three SNP arrays: IRSC 1  K (Montanari 
et al. 2013), Axiom 70 K (Montanari et al. 2019), and 
the 200 K Axiom PyrSNP array (Li et al. 2019). Data 
from these SNP arrays, as well as some SSR data, 
are currently integrated into the Genome Database 
for Rosaceae (GDR), so that genotypes for different 
accessions are more easily searchable (Jung et  al. 
2019). At this time, GRIN-Global has genotype data 
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from 23 SSRs in up to 292 pear accessions from the 
NCGR Corvallis.

Prospects and future developments

The major commercial U.S. pear industry is vul-
nerable due to the small number of cultivars, all of 
which are susceptible to various diseases and arthro-
pod pests. Fruit physiological postharvest disorders 
present production and marketing problems and con-
sequent loss of income, resulting in increased pro-
duction costs. Further, the adoption of new pear cul-
tivars and rootstocks for commercial use is hindered 
by multiple factors, including limited demand for 
new options by retailers and processors, long delay 
to attain return on orchard investment, and complex 
ripening protocols that hinder consumer acceptance 
relative to competing fruits. While there are many 
cultivars that have performed well in consumer evalu-
ations and have been successful in small-scale set-
tings (e.g. farm stands, farmers markets and CSAs), 
they have failed to become more broadly retailed to 
the wider public. Positive consumer response dem-
onstrated in the above-mentioned trials suggests 
real opportunity to improve growing, postharvest, 
and handling characteristics to expand offerings and 
demand for pears.

The diversity of genetic material provided by 
pear germplasm collections is crucial for successful 
research and breeding programs. Introduction of new 
traits for pear production and fruit quality depend on 
genetic diversity and integration of resistance and 
horticultural traits. In particular, rootstock traits may 
benefit from a wide diversity, given that germplasm 
selection does not rely on fruit quality. Similarly to 
other countries, the U.S. pear scion cultivar breed-
ing effort is limited to only the USDA ARS AFRS 
and two small private programs for Asian pear cul-
tivars. Rootstock breeding is limited to the program 
at Washington State University. Beyond breed-
ing, the only systematic field evaluation program is 
NC-140, within which pear is an increasingly minor 
component.

The U.S. Pyrus germplasm collection can ben-
efit from interactions and germplasm exchange with 
international germplasm repositories, and explora-
tion targeted at underrepresented or absent crop wild 

relatives, particularly if they are potential sources of 
traits of interest. Germplasm with the potential for 
drought and heat resistance, based on environmental 
conditions in their native habitats, would be espe-
cially valuable given the threats posed by climate 
change. Taxa classified as critically endangered, 
endangered, vulnerable, or even near endangered, 
and confirmed as unique species, should be sought 
through germplasm acquisition or exchange, or explo-
ration. The NCGR Corvallis, USDA ARS, and other 
pear scion and rootstock breeding programs may be 
able to import or exchange improved cultivars, breed-
ing selections and germplasm from foreign breed-
ing programs with appropriate intellectual property 
agreements to enhance U.S. breeding programs. New 
research of industry needs and priorities will help 
guide germplasm exploration and acquisition, and 
new research of consumer preferences would also 
guide acquisitions by the NCGR Corvallis and breed-
ing program goals and acquisitions.

Genomic resources to characterize pear germ-
plasm are becoming increasingly accessible, thanks 
to the integration of -omics and horticultural 
research, and major decreases in sequencing costs. 
This will be important for identification and con-
firmation of genetic diversity, as well as expanding 
molecular knowledge of trait function. As we gener-
ate more genomic data, however, we face challenges 
in assuring the usability of that data. For example, 
integrating genomic resources and making them 
accessible will require that databases are linked to 
one another, and that more scientists are trained to 
use and analyze data. Development of tools allow-
ing visualization or searchability of data and linking 
genomic to phenomic data will also be important.

Phenotyping, on the other hand, continues to be 
a bottleneck across crops and disciplines. Much 
phenotyping still depends on manual labor, and 
major efforts to phenotype the U.S. germplasm will 
require collaborative labor and funding resources. 
Standardization of data collection is difficult yet 
required for comparisons of germplasm perfor-
mance across locations. Further, the work of man-
aging phenotypic data and curation for public 
accessibility must be considered. Phenotyping of 
fruit quality, disease traits, abiotic responses, and 
rootstock traits represent gaps to be filled. System-
atic field evaluation programs, such as the NC-140 
regional rootstock project, as well as CGC-funded 
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germplasm evaluations represent limited but con-
certed efforts that address phenotyping gaps. Iden-
tification and utilization of biomarkers (e.g., gene 
activity) or other novel approaches to estimate rip-
ening could help overcome the challenges of deter-
mining harvest times and cold requirements for fruit 
quality (Honaas et  al. 2021). Additionally, further 
use of sensory panels to evaluate fruit quality could 
help ensure that breeding parents, selections, and 
prospective cultivars meet consumer preferences 
(Colonna et al. 2023; Lozano et al. 2023).

In conclusion, pear germplasm collections pro-
vide a diverse source of genetic material impor-
tant for research and breeding programs. Access to 
ex situ collections of plants and seeds is necessary 
for developing improved scion and rootstock culti-
vars. Access to correctly identified and diverse liv-
ing collections of Pyrus germplasm will assure that 
advances in breeding and genetic research will con-
tinue to be made long into the future, and vulner-
ability of the crop will continue to be addressed.
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