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Abstract

Midwestern U.S. nutgrowers desire locally adapted
Persian walnut (Juglans regia L.) varieties as a source of
valuable edible nuts and for high-value timber
production. Despite a century of effort, however, few
healthy and productive Persian walnut cultivars or
reliable seed sources have been identified in the
Midwestern USA. Common problems with Persian
walnut in the Midwest include low cold-hardiness, spring
frost damage, and poor growth. The genetic diversity of
Midwestern Persian walnut remains to be characterized.
We used 14 microsatellite (SSR) markers developed for
black walnut (J. nigra L.) to evaluate 48 Persian walnut
genotypes and cultivars from naturalized seedlings and
cultivars grown in Indiana. Many of the evaluated
genotypes were previously screened for cold-hardiness.
Genotypes were derived from three different geographic
regions: Indiana and the Midwest, California, and
Europe. All of the markers were polymorphic and
revealed a total of 70 alleles ranging from 4 to 8 alleles
per locus with an average of 5.
Using this information, dissimilarities and similarities
between regions and genotypes were estimated.
Midwestern and California cultivars formed two distinct
groups. Our analysis revealed links between the
Midwestern USA and European walnut genotypes.
Midwestern genotypes were closely related amongst
themselves. We concluded the genetic diversity of
Indiana Persian walnut germplasm can be improved by
the additional of new germplasm to develop better
adapted Persian walnut stock for the Midwestern USA
environment.
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Introduction

Material and Methods

Genomic DNA extraction, PCR amplification and 
PCR product analysis

• DNA was extracted from the phloem of one year old twigs
using CTAB buffer.

• Pairs (14) of SSR primers first described by Dangl et al.
(2005) were used for PCR.

• Gene mapper software version 3.7 and NTsys 2.2 (Rohlf,
2000) were used to analyze the output.

Evaluation of Cold Hardiness - Winter Kill

The winter of 2013-14 was unusually cold in Indiana.
Record lows were recorded two consecutive days in early
February. (-20°F, -29 °C).

Winter kill damage was assessed using a 5 point rating scale:
1) No damage 2) slight damage (5-20%) 3) Moderate
damage (20-50%) 4) Heavy damage (50-90 %) 5) Tree killed
(90-100%).

Results and Discussion

Cluster Analysis:

Walnut genotypes clustered according to their geographic
origin (Fig. 1). Two general groups emerged:

1) The Mediterranean cultivars of California and France sorted
together.

1) A cluster of genotypes from the U.S. and Europe constituted
group 2. Midwestern and Eastern European germplasm
were similar, but they both differ from the California and
French germplasm. In this respect, genotypes cluster
reflected cold tolerance. It also appears that the Midwestern
germplasm is a sample of Eastern European germplasm.

Genetic variation in cold hardiness
All Persian walnuts showed some winter kill ranging from
slight damage to being killed to the ground. Persian walnuts
originating in California and the Mediterranean were most
sensitive and the Carpathian types from the Midwestern U.S.
and Eastern European genotypes most tolerant (Figure 2).

Juglans Species Hybrids and Cold Hardiness
The (J. regia × [J. regia × J. nigra]) BC1 hybrid walnut was
much more cold hardy than pure J. regia, with the BC1
showing only slight damage (2.0) compared to the moderate
damage J. regia (Table 1). The cold hardiness of interspecific
F1 hybrids is considerable when J. nigra or J. cinerea (the two
native northern species) were a parent. When cold sensitive J.
regia, J. hindsii, or J. major form interspecific hybrids with J.
nigra or J. cinerea, the F1 hybrids were as cold tolerant as the
Midwestern species (Table 1).

Conclusion
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The genetic diversity of Persian walnut in Indiana and the

Midwestern USA was comparable to that of Eastern Europe

where it originated.

Persian walnut accessions from Indiana separated into two

distinct groups based similarity analysis of 14 SSRs. Based

on available evidence, we cannot say if the two groups

reflect two different introduction events, i.e., German

sources in the 1700’s and Polish sources in the 1900’s.

Now that nut growers and breeders have tools to verify that

they have correct copies of clones, they may be able to

improve the diversity and cold-hardiness of Midwestern J.

regia by crossing between dissimilar groups and avoiding

crosses between similar genotypes. For example, the cross

‘Ziegler’ × #693 would not take advantage of differences in

gene pools, but by crossing trees of different SSR groups,

greater variation in the progeny should aid in selection of

new individuals with better growth, form, yield, and cold

hardiness.
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Persian walnut (J. regia) is not well adapted to the eastern
U.S. because of its cold winter and generally wet and humid
climate. The effort to identify germplasm of Persian walnut
suitable for the eastern U.S began when German immigrants
brought Persian walnut to Pennsylvania and other States in the
1700s (Devitt, 1953; Grimo, 1979). In the late 1920s, a
Presbyterian missionary in eastern Carpathia (modern eastern
Europe), Reverend Paul C. Crath, searched out the best
selections and shipped large quantities of nuts to Canada and
United States.
Methods of germplasm evaluation based on morphology often
do not provide enough information to evaluate genetic
diversity. Thus, DNA markers such as SSR marker are used
(Pollegioni et al., 2012; Ebrahimi et al., 2011).
The aim of this study was to evaluate genetic relationships
among Persian walnut genotypes growing in Indiana, USA,
utilizing established SSR markers. In addition, we present
data on the relative growth and cold hardiness of some of
these accessions in comparison to native Juglans and a set of
F1 hybrids comprised of native cold hardy × exotic non-cold
hardy species.

Cultivar / 
Genotype

AgeZ DBH (in)Y Avg. Winter 
KillX Stock Type Species OriginW

Franquette 12 1.5 5.0 ±1 Graft J.regia France

Fernette 12 1.5 5.0 ±1 Graft J.regia France

Lozeronne 11 1.7 4.8 ±1 Graft J.regia France

Idaho 12 1.9 3.0 ±1 Graft J.regia ID

Ziegler 11 3 2.5 ±1 Graft J.regia IN

# 693 11 2.9 2.0 ±1 Graft J.regia IN

# 694 11 3 2.0 ±1 Graft J.regia IN

# 695 11 2.6 2.0 ±1 Graft J.regia IN

#03-693p-1 11 1.9 3.0 ±1 Sdlg. J.regia IN

#03-693p-9 11 2 3.0 ±1 Sdlg. J.regia IN

#03-694p-2 11 2.8 2.0 ±1 Sdlg. J.regia IN

#03-695p-4 11 1.5 2.9 ±1 Sdlg. J.regia IN

#03-695p-8 11 1.9 2.0 ±1 Sdlg. J.regia IN

Kosovo 10 1.7 2.0 ±1 Graft J.regia Serbia

Summer's Sdlg 10 1.4 2.3 ±1 Graft J.regia MI

Hansen Sdlg 8 1.2 2.1 ±1 Graft J.regia IL

#02-3-3 8 1.3 2.5 ±1 Sdlg. J.regia Russia

Lake 8 1 1.9 ±1 Graft J.regia MO

Behr 60 22 2.2 ±1 Sdlg. J.regia IN

Meridian St. 40 16 2.0 ±1 Sdlg. J.regia IN

SW Hort Farm – N. 50 20 2.0 ±1 Sdlg. J.regia IN

Timber Type 40 15 2.5 ±1 Graft J.regia IN

Univ. Farms 28 13 2.0 ±1 Sdlg. J.regia IN

Yeager Road 40 18 2.2 ±1 Sdlg. J.regia IN

Lapaz Tree 75 34 2.0 ±1 Sdlg. J.regia IN

Besque-1 15 7 1.5 ±1 Sdlg. J.regia IN

Besque-2 15 7 2.0 ±1 Sdlg. J.regia IN

Besque-3 40 25 2.0 ±1 Sdlg. J.regia IN

King-1 25 10 2.5 ±1 Sdlg. J.regia IN

King-2 25 11 2.5 ±1 Sdlg. J.regia IN

King-3 25 13 2.5 ±1 Sdlg. J.regia IN

King-4 25 10 2.0 ±1 Sdlg. J.regia IN

Olsen tree-1 45 19 2.2 ±1 Sdlg. J.regia IN

Olsen tree-2 45 21 2.5 ±1 Sdlg. J.regia IN

Lhuppert tree 25 10 2.0 ±1 Sdlg. J.regia IN

100 w tree 45 22 2.0 ±1 Sdlg. J.regia IN

Oran Barton-1 95 36 2.0 ±1 Sdlg. J.regia IN

Oran Barton-2 15 6 2.0 ±1 Graft J.regia IN

Oran Barton-3 15 7 2.0 ±1 Graft J.regia IN

Kaiser Persian 15 8 2.0 ±1 Graft J.regia IN

Lake × Hansen 15 6 2.0 ±1 Graft J.regia IN

Hybrids / Species Age DBH (in) WK Type Species Origin

Royal 11 4.1 1.0 ±1 Grafts J. nigra × J. hindsii CA

Buart 11 3.9 1.0 ±1 Grafts J. cinerea × J. ailantifolia IN

Persian Backcross F1 10 3.2 2.0 ±1

Grafts

J. regia × [J. regia × J. nigra] IN

Persian x Butternut 9 3.1 1.0 ±1

Grafts

J. regia × J. cinerea IN

Hybrid Butternut 11 3.1 1.0 ±1

Grafts J. cinerea × [J. cinerea × J. ailantifolia]

IN

Black x Japanese 10 2.7 1.0 ±1 Grafts J. ailantifolia × J. nigra IN

Black x Persian 9 1.1 1.0 ±1 Grafts J. regia × J. nigra  IN

Black Walnut 11 3.4 1.0 ±1 Grafts J. nigra USA

Butternut 10 2.8 1.0 ±1 Grafts J. cinerea USA

Arizona 10 2.2 4.8 ±1 Graft / Sdlgs J. major AZ

Persian 10 1.8 3.1 ±1 Graft / Sdlgs J. regia IN, CA

Japanese 8 1.9 1.0 ±1 Grafts J. ailantifolia CA

N. Calif. BlackU 8 1.2

3.0 ±1

Graft J. hindsii IL

Table 1. Characteristics of walnuts evaluated for winter injury.

Similarity Coefficient
0.15 0.31 0.48 0.64 0.81
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Fig. 2. Winter kill of Persian walnut (J. regia) genotypes by region of origin 
scored following the winter of 2013-14 (-20.9 °F for two consecutive days in 
February).

Material and Methods

Plant Material

Forty eight walnut genotypes originating from three different
regions were evaluated (Table 1).

One year old twigs were collected in the germplasm orchard
of:

1) Hardwood Tree Improvement and Regeneration Center
(HTIRC), Purdue University.

2) Indiana Nut and Fruit Growers Association (INFGA) in
Indiana.

3) Accessions from California and Europe (Table 1).
For each type of accession, there were 1 or 3 grafted ramets

or 1 to 6 half-sib seedlings.
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Fig. 1.
UPGMA Dendrogram of the 48 walnut genotype assayed in this study based on the
similarity matrix obtained using Neighbor joining genetic distance.

Z Age was  based on records and estimates
Y Diameter at breast height or 4.5-feet above ground..
X Rating scale was  1 = no damage; 2 = slight damage; 3 = moderate damage; 4 = heavy damage; and 5 = 
killed to graft union or ground.
W Country or USA State where the accession originated to the best of our knowledge.
U Based on a single grafted tree  – winter kill occurs every year.
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