Implementing Early Screening Methods to Detect Resistance to
Phytophthora cinnamomi in First-Backcross Chinese-American
Chestnut Hybrids
Hein, K.M., Perkins, M.T., Craddock, J.H.; 2019
The University of Tennessee at Chattanooga, 615 McCallie Ave, Chattanooga, TN

Introduction
Phytophthora root rot (PRR), caused by the oomycete
Phytophthora cinnamomi Rands, is one of the greatest
obstacles to growth of American chestnut (Castanea dentata
Borkh.) in large portions of the species’ range. The objective
of our research is to implement early screening methods for
PRR resistance in Chinese-American chestnut hybrids.
Developing early and reliable screening methods can
facilitate the efficient introgression of PRR resistance from
Chinese chestnut (C. mollissima Blume) into potentially blight
resistant advanced hybrid populations. The objectives of the
were to identify and diversify C. mollissima Blume. sources of
resistance with local adaptations, to test the efficacy of a
method for early identification of PRR-resistant hybrid
chestnuts in a greenhouse setting, and to identify PRRresistant hybrid crosses to utilize for future breeding and
restoration efforts. The results presented here are the results
of year one (2016) of a two year trial, and that these two
years of experiments follow a prior trial (Robinson 2016).

Methods and Materials

Discussion

Individuals were inoculated in small containers with P. cinnamomi prepared on V8 agar medium and a rice-grain inoculum, during the
midsummer months, and later screened at the end of the growing season (Figure 1). The PRR symptom severity of plants was evaluated
following methods previously developed by Jeffers et al. (2009).
• Fully resistant Chinese chestnut seedlings and fully susceptible American chestnut seedlings served as the controls
•

At the end of the growing season, the plantlets will be removed from their containers, one family at a time, one plant at a time, and the
roots will then be washed to remove planting medium. Two or more people then rated the root systems based on levels of necrosis.

• The lesions caused by Phytophthora cinnamomi are rated on a numerical scale from 0-3, with “0” representing a plant that is completely
asymptomatic, “1” representing lesions on the lateral roots only, “2” representing lesions on the lateral and on tap roots (Figure 2), and “3”
representing plants killed by PRR.

Results
We expected to observe a portion of the individuals in our hybrid families to display the PRR resistant trait. In the 2016 study, statistically
significant variation, with respect to the average root rating, was exhibited by the chestnut hybrid families. While intermediate resistance was
observed by the majority of the backcross hybrids, a few of the families demonstrated a higher mortality on average compared to the
American controls. Families that were significantly less susceptible from American chestnuts and are similar to the Chinese chestnut controls
were interpreted as highly disease resistant families. (Figures 3 & 4)

This study tested the efficacy of implementing early and
reliable screening methods for identifying PRR-resistant
hybrid chestnuts in a greenhouse setting. The results
obtained from the tests conducted in 2016-2017 trial, at a
0.05 significance level, stating that: there were significant
differences in the average root rating between C. mollissima
and C. dentata; screening by generation did not provide
statistically significant data pertaining to PRR resistance by
the symptom severity scale; significant differences in the
average root rating between families, intragenerational and
intergenerational, were observed in the backcross hybrid
families; and insignificant differences between the average
root rating in Chinese chestnut and select backcross hybrid
families. These distinct families were deemed the most
resistant by the Tukey HSD post hoc analysis. Families that
were interpreted to have any degree of PRR resistance were
under the assumption that a PRR resistance allele inherited
from C. mollissima. Additionally, the results may have been
skewed due to external influences such as: freeze damage,
inoculum strength, and other environmental variations. In the
future, seedlings grown for disease screening studies should
be maintained in a uniform environment to control for
temperature variations, homogeneity in direct light exposure,
levels of saturation, and pathogenic spread.

Future Directions
My experiment will help in diversifying sources of resistance
in the chestnut breeding program by phenotypic evaluation.
In the future, identical crosses, of such families, will need to
be performed, phenotyped and genotyped for resistance to
control for environmental variation.

Generation
Legend
1: Cataloochee 2007 Tree 33 x Neel 2-127
(Chinese source of resistance: Lindstrom99)
Figure 1: Backcross hybrid families in the greenhouse

2: Cataloochee 2007 Tree 273 x TN-TTUA29
(Chinese source of resistance: Gideon)

Of the 21 families:
14% = SQ (0.1-15.0%)

67%= SQ (15.1-30.0%)

3: TN-TTU-C27 x TN-TTU-A30
(Chinese source of resistance: Clapper
and Gideon)

14% = SQ (30.1-40.0%)

4: Kemp Orchard Mix x opB3
(Chinese source of resistance: Nanking
and Clapper)

5% = SQ (50%<)
• C. mollissima x opCH

5: TN-TTU-L13 x TN-TTU-A30
(Chinese source of resistance: Clapper
and Gideon)
6: TNCOC1 x TN-TTU-A30
(Chinese source of resistance: Gideon)
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Chestnut Families
Figure 3: Tukey HSD comparison for PRR resistance in hybrid families of chestnut. Families are displayed in
ascending order (lowest average symptom severity score ± 1 SE – highest average symptom severity score ± 1 SE)
to visualize significant differences between families and generations for PRR resistance.
Figure 2: PRR identified on the taproot of one of the hybrid families

Figure 4: Strength of PRR resistance determined by calculating the Survival Quotient. As a preliminary analysis,
the strength of resistance in each hybrid chestnut family was determined by calculating the Survival Quotient
(SQ), which is expressed as a percentage (Jeffers et al., 2009). Because PRR resistance in chestnut is thought to be
under the control of multiple genes (Santos et al., 2017), Asian-American BC1 hybrids are expected to retain
more alleles for resistance than later generation backcrosses to C. dentata if parent trees were not selected for
PRR resistance at every generation, as was the case with the BC2, BC3, and B3F3 progeny screened by Jeffers et
al. (2009). Families with SQ values that are closer in proximity to the SQ value of C. mollissima will be interpreted
as highly disease resistant families.

*1-6 denotes the families that were statistically similar to C. mollissima with respect to average root rating., with alpha= 0.05.
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