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Abstract
  The National Clonal Germplasm Repository Davis, CA (NCGR) curates the national collections of the follow-
ing 14 Mediterranean fruit and nut crops: almond, apricot, cherry, fig, grape, kiwifruit, mulberry, olive, peach, 
persimmon, pistachio, plum, pomegranate, and walnut.  The overarching goal is to preserve germplasm for cur-
rent and future generations. The challenge is that these crops do not breed true and must therefore be maintained 
as plants in the field, making preservation of clonal crops considerably more expensive than annual crops that 
can be stored as seeds.  The mission of the Repository is to acquire additional accessions to fill gaps in the col-
lections, maintain the plants in the collections, freely distribute germplasm (typically as dormant scionwood) to 
scientists worldwide, and to evaluate the collections and make those data available online on the Germplasm 
Resources Information Network (GRIN-Global,https://npgsweb.ars-grin.gov/gringlobal/search.aspx). Because 
of free distribution of the germplasm, there is nothing modern and under patent or proprietary protection in the 
collections.  Rather, they consist of older cultivars; breeder lines; and the genetically richest portion of the col-
lections, the crop wild relatives. All are available for scientific study. Challenges with managing an expanding 
collection are discussed.

  The National Clonal Germplasm Reposi-
tory in Davis, CA (NCGR) is one of 19 na-
tional genebanks in the USA. It is located 
in the Sacramento Valley of California and 
has a Mediterranean climate with low rela-
tive humidity and typically no rainfall during 
the growing season from April to Nov.  The 
winter is the wet season.  During the grow-
ing season, there is about a 22ºC diurnal tem-
perature fluctuation, leading to vibrant fruit 
color and good sugar accumulation.  The 
low relative humidity provides conditions 
for low disease pressure, compared to wetter 
climates. The climate is well adapted for the 
14 crops maintained by the NCGR: almond, 
apricot, cherry, fig, grape, kiwifruit, mulber-
ry, olive, peach, persimmon, pistachio, plum, 
pomegranate, and walnut.
  All of the National Genebanks have a 
similar 4-part mission: germplasm acquisi-
tion to fill gaps in collections, maintenance 

of existing accessions, free distribution of 
germplasm, and evaluation and characteriza-
tion of the collections.  Data generated about 
the collections are uploaded to GRIN-Global 
(https://npgsweb.ars-grin.gov/gringlobal/
search.aspx) so that the scientific commu-
nity can understand the collections and make 
informed decisions about which accessions 
will be useful to their research.  This guides 
their ordering.  

Acquisition
  It is important to take advantage of oppor-
tunities to acquire new plant material, espe-
cially if it fills gaps in a collection. Many of 
the existing gaps in the NCGR collections 
are crop wild relatives that arose and reside 
abroad. This creates a challenge because fed-
eral law in many countries prevents native 
plant materials from leaving that country. 
People have been arrested when attempting 
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to illegally transport plant material out of 
some countries.  This restriction saves natu-
ral resources for local scientists and others; 
however, because of loss of habitat, crop 
wild relatives are being lost along with the 
opportunity for ex situ preservation of eco-
types. When plant material enters the Nation-
al Plant Germplasm System it requires that 
there be no restrictions in regards to propa-
gation, distribution to scientists, and that it 
have public domain status, similar to the oth-
er germplasm in the system. This agreement 
is possible with some, but not all countries.
The majority of the new germplasm being 
planted each year at the NCGR-Davis is 
seedlings of various Prunus spp. (almond, 
apricot, cherry, peach, and plum), and some 
Juglans spp. (walnut). The walnuts are main-
ly Juglans regia collected from the wild in 
the Republic of Georgia. The new Prunus is 
from Azerbaijan and the Republic of Georgia 
(Caucasus Mountain region) and throughout 
Kyrgyzstan in Central Asia. There is a very 
high level of diversity in the Caucasus Center 
of Diversity between the Black Sea and Cas-
pian Sea (Rafiqpoor et al. 2005), especially 
in temperate fruit and nut trees (Hellier, 
2011; Hummer and Hancock, 2015). Vavilov 
identified Central Asia a center of origin 
of useful plants of economic significance 
(Barthlott et al., 2005). There is also new na-
tive Prunus spp. collected from throughout 
the eastern and southern USA. Previously, 
this germplasm was poorly represented in the 
collections.
  Additions of new germplasm requires field 
space and labor, which are limited at the NC-
GR-Davis. Therefore, the new germplasm is 
planted on 1 m centers within the rows and is 
maintained by mechanical hedging. Lack of 
space means that decisions on acquisition of 
new germplasm must be made carefully. The 
focus of the NCGR-Davis is to increase the 
amount of new crop wild relative germplasm, 
not heirloom cultivars. Crop wild relatives 
have rich genetics that are being used to help 
solve disease and other problems (Greene et 
al., 2018a and 2018b). Adding these wild ac-

cessions is greatly enriching the diversity of 
the collections.  Additional land will allow 
this to continue.

Distribution  
  Ordering is done on the public GRIN-
Global page (https://npgsweb.ars-grin.gov/
gringlobal/search.aspx) simply by clicking 
on “Add to Cart.”  Clicking on “Descriptors” 
on the banner near the top will give access 
to data on the collections that will inform 
which accessions should be ordered.  This 
can also be accessed by clicking on the Plant 
ID number in the first column after a species 
has been searched. The NCGR distributes 
vegetative propagative material to scientists 
and institutional educators who need these 
specific genetics to meet their goals. 
  Deadlines for ordering vary with reposi-
tory, and sometimes with crop.  The deadline 
for NCGR-Davis orders is 1 Nov. of each 
year. Germplasm is primarily distributed as 
dormant cuttings or scionwood that are har-
vested in Jan. and early Feb. After harvest-
ing, the scionwood is stored in black plas-
tic trash can liners with moist paper towels 
at 4ºC until they are shipped.  The cuttings 
are organized and sorted into orders. A typi-
cal order has requested up to 100 different 
accessions, so this sorting is time and la-
bor consuming. Orders are then shipped in 
March and April. Summer orders for leaves 
(for DNA), or cuttings of olive and apricot 
are routine. Olive and apricot are susceptible 
to pathogens if cut during the wet weather of 
the winter. When the order is received, the 
customer must be ready for propagation or 
DNA extractions upon arrival.
  The NCGR-Davis is not set up for collect-
ing seeds or fruit because of lack of staff. The 
Repository has worked with scientists who 
have paid for a student worker, or collabo-
rated with a colleague at the University of 
California Davis to collect fruit/seeds from 
the collections.
  Clonal germplasm has restrictions on its 
movement. Where those restrictions occur, 
special permission must be obtained for the 
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shipment to be legal. These restrictions are 
not limited to international orders that require 
an Import Permit. Orders of some items, such 
as walnut (Juglans) to Indiana from Califor-
nia requires a permit because of the threat of 
thousand cankers disease.
  Through 2015, the NCGR shipped sci-
onwood to anyone who ordered, including 
hobbyists. Word got out about free plant 
material and the NCGR collections became 
more popular than there was staff to sort and 
fill the orders.  Therefore, beginning in 2016, 
the NCGR restricted orders that were filled 
to the scientific community and institutional 
educators who need these materials to meet 
their research objectives.  Thus in 2016, or-
der numbers fell from nearly 900 to 200, and 
have grown to about 300/year (Fig. 1).  This 
has been a manageable number and allows 
the staff the space to respond more quickly to 
queries from those who use the germplasm. 
This is an example of shrinking a unit’s mis-

sion so that it matches the resources.
  The majority of the items distributed in 
2018 (93.5%) were to domestic customers 
(Fig. 2.), and most of the domestic orders 
are to individuals, U.S. state agencies and 
universities, and U.S. commercial compa-
nies (Fig. 3). The majority of the individual 
germplasm recipients are private plant breed-
ers, as are the researchers at the commercial 
companies.

Collection Maintenance
  Collection maintenance is the most impor-
tant function of the genebank and the one that 
requires the most resources.  Fourteen fruit 
and nut collections is a lot to maintain.  The 
Repository has two facilities that support the 
collection: a container nursery in Davis, CA 
and the field collection at Wolfskill Experi-
mental Orchard in Winters, CA.  The nursery 
is used for propagation and to produce young 
plants for field planting.  It is also used to sup-

Figure 1.  Total orders shipped from 2005 – 2018 (NCGR-Davis).  There are 3-5 cuttings/item shipped.

Figure 1.  Total orders shipped from 2005 – 2018 (NCGR-Davis).  There are 3-5 cuttings/item 
shipped. 
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Figure 2. Number of items (cuttings, seed, pollen, etc.) distributed domes-
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Figure 1.  Total orders shipped from 2005 – 2018 (NCGR-Davis).  There are 3-5 cuttings/item 
shipped. 
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port characterization and evaluation research 
on the collections. There is a small collection 
of grapes and Prunus maintained in insect-
proof screenhouses that were sourced from 
pathogen indexed plant material.  Distribu-
tions from these plants are cleaner than from 
the field collection at Wolfskill.
  The nursery work is done by NCGR-Davis 
staff and student workers.  Much of the field 
work is accomplished by the staff, with the 
exception of much of the pruning. The grape 
collection is pruned and tied each March by 
a contractual crew. Several of the other col-
lections and the field nursery block are me-
chanically hedged by a contractor.  Hedging 
is typically during the summer to avoid stim-
ulating too much new growth.
  Herbicides and other pesticides are applied 
by the staff.  The staff also does the mow-
ing, some pruning, fertilizing, irrigating and 
maintenance of the irrigation system, woody 
weed control, and other plant care.
  There are challenges, including suckering 
of the collections, woody weeds (often of 
plants in the collections), and slow turnover 
of land for new planting. The field space is 
nearly full. The solution will be to plant the 
accessions closer than previously and main-
tain by hedging. It does not allow for as much 
phenotyping as properly spaced trees, but 
does provide scionwood for distribution.
  Armillaria is killing trees in the almond 
collection. Persimmon (Diospyros kaki and 
D. virginiana) are resistant to this pathogen 
(Davidson and Byther 1994).  Therefore, the 
almond and persimmon collections are being 
repropagated and their field locations flipped.  
Because there is no extra land, the persim-
mons are being planted where the almonds 
are located and vice versa.  This is a slow 
process, but a way to save the valuable al-
mond collection.

Evaluation and Characterization
  The scientists at the NCGR-Davis have 
active research programs on evaluation and 
characterization of the collections. Recently 
published evaluations papers are as follows: 

Various genomics methods have been used to 
characterize the collections, including black 
cherry (Prunus serotina, Guzmán at al., 
2018), fig (Knap et al., 2018), grape (Riaz 
et al., 2018), and walnut (Potter et al., 2018; 
Zhu et al., 2019). Several of the pomegran-
ates from the collection have been evaluated 
in various studies, ranging from fruit quality 
to consumer preference to punicalagin quan-
tification (Chater et al., 2018a; 2018b; 2018c; 
2018d; Mathon et al., 2019). Likewise, the 
persimmons have been evaluated for astrin-
gency and sensory attributes (Milczarek et 
al.; 2018; 2019). Because distributions are 
mainly from the field collection at Wolfskill, 
the phytosanitary status of the collection is 
important. Therefore, the grapes (Diaz-Lara 
et al., 2018) and pistachios (Al Rwahnih et 
al., 2018) were evaluated for their viruses.

Conclusions
  The majority of the human and supply re-
sources go toward collection maintenance.  
The collections are primarily maintained by 
Repository staff, however, it has been more 
cost effective to use contractors to prune the 
grape collection and to hedge the orchard 
collections. Distribution is another important 
priority for the NCGR; however, this is main-
ly a seasonal activity.  Orders are received by 
1 Nov., and dormant cuttings are harvested 
in Jan. and sorted and distributed in March 
and sometimes into April if there are many 
orders. Acquisition is another focus of re-
sources.  After Prunus material from abroad 
clears quarantine with APHIS, it is shipped 
bare-root to the Repository, where it is plant-
ed in the field at 1 m spacing within rows.  It 
is then maintained by hedging. It is important 
to evaluate and characterize the collections 
and make this information available to the 
public via GRIN-Global; however, this is not 
the focus of the Repository, rather it is main-
tenance, distribution, and acquisition before 
characterization.
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