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Results

Discussion

• Emergence of first seedlings was observed on May 11, 2018 (13 days after planting).
• (B3×B4)F2 trees tended to emerge earlier than F2 and B3F2 seedlings (p<0.001), with
a significantly greater proportion of seedlings emerging on Week 2 (Fig. 4).
• Overall, most seedlings emerged on Week 3. Total germination was 63%.
• (B3×B4)F2s also had a significantly higher proportion of seedlings with a single shoot
system (p=0.017) than the other cross types (Fig. 5).
• No significant differences were found among germination percentages, although
results were marginal at a 5% significance level (p=0.066) with (B3×B4)F2s leading.
• F2s were significantly faster-growing (p<0.001) and taller (p<0.001) than all other
crosses, while (B3×B4)F2 hybrids were shorter and slower-growing (Fig. 6).
• In August, trees were diagnosed with Phyllosticta leaf spot (Fig. 7); ~36% of trees
exhibited moderate to severe damage to apical meristems (Fig. 8).
• Instances of meristem damage (Fig. 9) were significantly lower in F2s than in any
other cross type (p<0.001) and lower in the June Cohort than in May (p<0.001).
• Cross Type and Cohort were significantly correlated (p<0.001; Fig. 10).
• Survival was not different among cross types (p=0.611).
• All trees showed rapid improvement of meristem health after each fungicide
treatment (Fig. 11).

Survival
• While trees of different cross types differed in terms of
proportions of individuals with severe meristem damage,
it is interesting to note that nearly all trees responded
positively to fungicide treatments with rapid growth of
meristems, and the fungus seldom resulted in death of
saplings. This, along with the fact that survival
percentages were not different among cross types,
suggests that all cross types have a relatively even chance
of surviving the first growing season in a controlled
orchard environment.
Early emergence
• Perhaps the early emergence of (B3×B4)F2s could be
related to epigenetic changes in response to extreme
stress of surviving American parents.5
• Early emergence contributes to successful establishment
of plants, giving early germinators an initial advantage in
a competitive environment.6 In this experiment, however,
early risers were affected more severely by Phyllosticta.
• Due to the link between (B3×B4)F2s and early emergence,
it is unclear which factor is contributing to the
susceptibility of trees to Phyllosticta.
Meristem Damage
• It is difficult to say whether the low proportions of severe
meristem damage in the June Cohort are a result of the
timing of emergence or the cross type, as F2s, which also
showed low proportions of meristem damage, were
linked with June emergence.
• Perhaps the resilience of F2s is reflective of the high
proportions of Chinese genes, as Phyllosticta and
Cryphonectria share many common characteristics, such
as their classification as ascomycetes.7,8
Number of Sprouts
• While little has been researched regarding the mechanism
of multiple embryo formation in chestnut, it appears this
process would occur very early in embryogenesis.9
• Many angiosperm zygotes are aborted due to
abnormalities during the development process.9
Theoretically, if multiple embryos were viable, it could
be possible for twins/triplets/quadruplets to arise.
• The high proportion of single shoot systems in
(B3×B4)F2s gives them a more American appearance,
which demonstrates their expected gene ratio.4
Growth
• F2s had the widest spread of growth rates and heights,
with the shortest and the tallest trees included, which is
expected as they contain a wide range of genes from both
American and Chinese chestnut parents.4
• The rapid growth rate of F2s could be advantageous in a
forest ecosystem, as competition for sunlight is fierce.

Abstract

Background
•C. parasitica was introduced to New York around 1904 on oriental
chestnut, which are resistant to the fungal infection causing blight.1
•Populations of C. dentata—once a dominant canopy species across
Eastern North America—were quickly devastated by the blight,
resulting in the death of ~4 billion trees by 1960.1
• The chestnut blight fungus is a bright-orange ascomycete that attacks
the vascular tissue, causing the formation of large cankers on tree bark
and interfering with the tree’s ability to transport water and nutrients
throughout its tissue.2 Resistant trees can persist by forming callus
tissue around the wound to block the spread of infection (Fig. 1).
• TACF’s backcross breeding program strives to breed a hybrid
chestnut tree with blight-resistant genes from the Chinese chestnut (C.
mollissima) while retaining the morphology and ecological niche of
the American chestnut.3
•By the third backcross generation, hybrids are morphologically
identical to American chestnut.4 Intercrossing backcrossed hybrids
allows for the possibility of trees inheriting full blight resistance.3
•This study examined the germination, growth, and resilience/survival
of 3 different hybrid cross types (Table 1).
Table 1 : American-Chinese chestnut hybrid
cross types examined in this study and their
corresponding approximate proportions of
American chestnut genes, according to the
theoretical breeding model.
Figure 1 : Examples of American
chestnut hybrid tree cankers caused
by C. parasitica. Sunken cankers (left)
indicate a highly susceptible reaction
to blight while swollen cankers (right)
indicate a resistant reaction.
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The introduction of an ascomycete called Cryphonectria
parisitica, or the chestnut blight fungus, to Eastern North America at
the turn of the 20th century led to the functional extinction of
Castanea dentata, the American chestnut tree. The ongoing effort to
breed blight-resistant American chestnut hybrids through backcross
breeding for the reintroduction of the species to its native habitat has
been a goal of The American Chestnut Foundation (TACF) for over
35 years. This study examined the success of 690 American chestnut
hybrid seeds in a seed orchard in Walland, TN throughout the first 6
months of life. Germination percent, timing of emergence, growth
rate, final height, survival percent, and resilience to fungal infection
were assessed among 3 different cross types. Results of this study
show that trees of different cross types differed significantly in terms
of timing of seedling emergence (p<0.001), number of sprouts
(p=0.017), growth rate (p<0.001), height (p<0.001), and meristem
damage (p<0.001). The findings of this study suggest that greater
proportions of American chestnut genes tend to produce seedlings
with faster establishment, but greater proportions of Chinese chestnut
genes seem to produce seedlings with faster growth and more
resilience to fungal pathogens.
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Figure 4: Timing of emergence, in weeks after planting,
of American chestnut hybrid saplings (n=433),
presented as percentage of each cross type. Data
spans 5/11/18-9/27/18.

Figure 6: Distributions of final height and growth rate of
American chestnut hybrid saplings of different cross types
after the first 6 months of life. Numbers in parentheses
represent counts of individuals within each cross type.

Figure 5: Proportions of
individuals within hybrid cross
types with 1, 2, 3, and 4
separate shoot systems arising
from a single nut.

Materials and Methods
•The chestnut orchard is located on a piece of private property
owned by Mountain Homes, Inc., located directly adjacent to the
Great Smoky Mountains National Park in Walland, TN.
•Orchard area (0.4 hectares) is sloped, with well-drained, slightly
acidic soil (pH=5-5.3) and faces southeast.
•Ground was prepared using glyphosate herbicide 1 month prior to
planting, then tilled, and covered with a fabric weed barrier.
•Seeds were planted on April 28, 2018 and protected by 38-cm
tube shelters sunk 7.6 cm in the ground and staked with bamboo
(Fig. 2). Two concentric electric fences surrounded the orchard.
•Planting occurred in Plots 1-7 (Fig. 3).
•Germination (ie. seedling emergence)
counts were done weekly.
•Height measurements were taken
monthly using 1-m aluminum
measuring sticks.
•Acid-special fertilizer and 29.6%
chlorothalonil fungicide were applied
on alternating weeks.
Figure 2: Photo of the Mountain
•Tests of significance included ANOVA Homes seed orchard after planting.
and chi-squared tests of homogeneity
(SPSS and Microsoft Excel).

Figure 7: Symptoms of
Phyllosticta leaf spot, including
browning and spotting on the
abaxial (a.) and adaxial (b.)
surfaces of leaves, as well as, leaf
shriveling and deformities (c.).

Figure 8: Examples of saplings with healthy, moderately damaged,
and severely damaged apical meristems after the contraction of a
Phyllosticta fungal infection. Of the 392 surviving individuals, 140
suffered from meristem damage by August of 2018.

Conclusion
The findings of this study suggest that chestnut hybrids with
greater proportions of Chinese genes could be predisposed
to late establishment, followed by rapid growth,
development of multiple shoot systems, and exceptional
resilience to fungal infection. These factors make F2s more
competitive for survival than the other cross types in
changing forest habitats with introduced pathogens.
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