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Historic Range



•
 

In the north, American 
chestnut is typically 
limited to areas of more 
moderate climate
–

 
Low elevations

–
 

Near large bodies 
of water 



Restoration in the Northeast
•

 
Typically, breeding 
material from southern 
and central states (often 
low elevation, warmer) 

•
 

May have inadequate 
cold tolerance for colder 
northern states

•
 

Shoots vulnerable to 
freezing injury and 
winter dieback in the 
field Gurney et al. 2011



Nut Cold Tolerance

•
 

Reproductive material is often the most 
limited in cold tolerance

•
 

Nuts may not be cold-tolerant enough to 
survive cold northern winters and allow for 
natural reproduction 

Schaberg

 

et al., 2009

•
 

Is there a correlation between nut cold 
tolerance and shoot cold tolerance?



Possibilities to Consider

•
 

Variation in cold tolerance among American 
chestnut sources? 
–

 
Pattern to variation –

 
e.g., adaptations to local climates?

•
 

Influence of Chinese chestnut (Castanea
 mollissima) on backcross stock?

–
 

Chinese chestnut may be less cold-tolerant than American 
chestnut –

 
implications?

•
 

Environment could also be a factor
–

 
For example, influence exposure to cold?



Study Design
•

 
Evaluate nut cold tolerance and

•
 

1st

 
year growth and winter injury of 

seedlings in field trials:

–
 

Three species –
 

American and Chinese 
chestnut and red oak

–
 

American chestnut sources (temperature 
zones)

–
 

Silvicultural
 

treatment (open, partial and closed 
canopies)



Seed Sources:

•
 

978 nuts from sventeen
 

open-pollinated 
American chestnut seed sources representing 
one or more half-sib families
–

 
Cold sources (ME, NH & VT )

–
 

Moderate sources (NY, PA  & VA)
–

 
Warm sources (KY, MD, NC & NJ)

•
 

Four Chinese chestnut sources 

•
 

Four red oak sources 



Nut Cold Tolerance



Nut Cold Tolerance
•

 
Five nuts from each of twenty-four seed 
sources sub-sampled using well established 
freezing tests

•
 

Fifteen test temperatures ranging from 4°C to           
-40°C

•
 

Cold tolerance thresholds were calculated for 
each seed source based on relative electrolyte 
leakage (REL)

Tm



Mean (±
 

SE) nut cold tolerance 
measured as Tm

 

among species

Means with different letters are significantly different based on Tukey

 

HSD tests 
(P <0.0001).



Mean (±
 

SE) nut cold tolerance measured as 
Tm

 

among pure American chestnut sources 
from three temperature zones 

Means with different upper case letters for temperature zone and

 

lower case letters for sources 
within the warm and moderate temperature zones are significantly

 

different based on Tukey

 

HSD 
tests (P <0.001) sources within the cold temperature zone are not significantly different.



Green Mountain National 
Forest (GMNF) Study



GMNF Study: To study growth and winter 
injury of American chestnut in a northern 

hardwood forest

–
 

Thirteen pure American sources, two Chinese sources 
and two red oak sources in a replicated design 

–
 

Three silvicultural
 

treatments –
 

closed canopy, partially 
closed and open canopy



GMNF Study

Seedlings started in the greenhouse



Green Mountain National Forest
 Leicester, VT in June, 2009

Site prep included:

•
 
Trimming understory 
and grasses

•
 
Placing competition 
matting around each 
seedling

•
 
Vole shelters and deer 
cages



Statistical Analysis
Analysis of variance (ANOVA) and Tukey

 
–

 Kramer multiple comparisons to test:

Growth – height and diameter for each seedling
Winter injury measured as shoot dieback for each 

seedling
Source of variation include: 
Species differences
American chestnut differences in:

•
 

Temperature zones
•

 
Sources within temperature zone

•
 

Silviculture
 

treatments
•

 
Interactions



Difference in mean (±

 

SE) height, diameter and total shoot dieback among species 
for seedlings grown at Green Mountain National Forest

*MC multiple comparisons for specified variables, means with different letters are 
significantly different based on Tukey

 

HSD tests (P < 0.001).

Differences Among Species

 
  Species 

  Mean                                    Mean                                       Mean                                
height (cm)      MC*           diameter (mm)      MC*        dieback (cm)       MC*    

Chinese chestnut    4.22 (0.61)        A                 1.72 (0.19)            A             10.21 (1.06)         A 

American chestnut    2.39 (0.21)        B                 1.06 (0.06)            B               3.90 (0.26)         B 

Red oak    0.74 (0.26)        B                  0.5   (0.12)           B               2.78 (0.69)         B 
 



Means with different upper case letters for temperature zone and

 

lower case letters for source 
within temperature zone are significantly different based on Tukey

 

HSD tests (P < 0.001).



Means with different upper case letters for temperature zone and

 

lower case letters for source within 
temperature zone are significantly different based on Tukey

 

HSD tests (P < 0.05).



*MC multiple comparisons for specified variables, means with different letters are 
significantly different based on Tukey

 

HSD tests (P < 0.001).

Differences Among Silvicultural
 Treatments

 

Silvicultural  
treatment 

    Mean                                 Mean                                   Mean                                    
height (cm)    MC*         diameter (mm)    MC*       dieback (cm)    MC* 

Open canopy      5.95 (0.57)        A               2.28  (0.13)          A             7.69 (0.59)        A 

Partial canopy      0.68 (0.10)        B                0.70 (0.05)          B             2.08 (0.28)        B 

Closed canopy      0.72 (0.12)        B                0.30 (0.04)          C              2.01 (0.28)       B 



Tradeoffs and Localized Adaptations
There are significant patterns 

among species, temperature 
zones and silvicultural

 treatments 
Tradeoffs between cold tolerance 

and growth rate are common
(Stott and Loehle

 

1998)  

Adaptations among localized 
populations can influence 
physiological variability 
among members of the same 
species

(Howe  et al., 2003) 



Tying it all together –
 

what matters?
•

 
Species: significant differences in shoot cold 
tolerance among species

•
 

Temperature zone: significant differences among 
temperature zones 

•
 

Silvicultural
 

treatment: significant influence on 
growth and winter injury

•
 

Sources –
 

not generally important…
But can tradeoff  between growth and winter injury be bridged? 
(i.e.  sources with decent growth AND cold tolerance?)



Correlation between nut cold tolerance 
and winter shoot dieback

Results of linear regression of mean nut cold tolerance and shoot dieback from the 
twelve American chestnut sources. Shoot dieback averaged over all silvicultural

 
treatments.



Future research that incorporates:
1) More sources

The Next Step?



Future research that incorporates:
1) More sources
2) More sites (provenance plantings)

The Next Step?



Future research that incorporates:
1) More sources
2) More sites (provenance plantings)
3) Long term study

The Next Step?
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Source of     Height  Diameter  Shoot dieback  
 variation df Mean square p-value Mean square p-value Mean square p-value 

Temperature zone 
(TZ) 

2 146.89 < 0.001 9.23 < 0.1 271.51 < 0.05 

Source[TZ]  (S[TZ]) 10 41.48 < 0.25 3.65 < 0.001 86.84 NS 

Treatment  (T) 2 1214.22 < 0.001 165.9 < 0.001 1997.41 < 0.001 

Replication  (R) 2 320.44 < 0.001 24.76 < 0.001 83.66 NS 

TZ x T 4 135.66 < 0.001 4.31 < 0.025 35.84 NS 

S[TZ] x T 20 35.51 < 0.01 1.34  NS 72.23 NS 

T x R 4 193.23 < 0.001 19.57 < 0.001 417.48 < 0.001 

        

Components of significant main effects and 2-way interactions from the analysis 
of variance for differences among height, diameter and shoot dieback for 
American chestnut seedlings grown at Green Mountain National Forest



Treatment Verification

•
 

Canopy analysis
•

 
Temperature  variations



•
 

Percent of canopy openness was measured 
for each seedling
–

 
Canon EOS Rebel digital camera with circular 
fisheye lens

–
 

GLA (Gap Light Analyzer) 2.0

Treatment Verification



Canopy openness of silvicultural
 

treatment



Mean minimum temperature (±
 

SE) of coldest 
day in December by silvicultural

 
treatment
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