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Three studies

Deacclimation study 2006-7   VA – TN study

Deacclimation study 2007-8    NC – VA study

Cold Nsure study 2008            VA – AL study



Deacclimation study 2007 
VA and TN







Data from this study are not definitive…
but it appears that family 7-56 can deacclimate to 

some degree with as little as 3-to-7 warm nights.



Deacclimation study 2008 
VA and NC



3 5 7 days Nursery
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RGP for so1997 in VA   (7 F)

y = -1.4132x + 13.11
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RGP for 7-56 in NC  (7 F)

y = -0.94x + 8.6
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RGP for 7-56 in VA (7 F)

y = -0.7381x + 8.0711
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RGP for 2nd gen in NC  (7 F)

y = -0.449x + 6.9826
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Conclusion

Sending seedlings to Auburn and placing 
them in a greenhouse reduces tolerance to 
freezing (as measured by RGP)

Our greenhouse treatment reduced RGP 
(after freeze) by 0.4 to 1.4 new roots per 
warm day/night.



0.2 C per day = 0.4 F per day  @ 57 F
0.3 C per day = 0.6 F per day  @ 63 F



ELT10 for so1997 in VA

y = 2.5211x + 3.6895
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ELT10 for 2-gen in NC

y = 3.0158x + 1.1421
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ELT10 for 7-56 in VA

y = 2.4763x + 9.5868
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ELT10 for 7-56 in NC

y = 4.2474x + 2.8263
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Conclusion

Under greenhouse conditions, 7-56 seedlings 
can become less freeze tolerant ( 7 to 12  F) 
in just 72 hours.



QUESTIONS?
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Pine seedlings acclimated?



What is the test?

Based on acclimation of Scots pine





Week of year

Phase 1 Phase 2 Phase 3
Not cold 
tolerant

Hardening 
has started

Hardened, ready 
for freezer

Sep-Oct End Nov





and larch



Monique van Wordragen

The test can be used to:

Accurately tracking the hardening process.
Create storage schedules by seedlot.
Gain an early indication of the expected 
lifting or storage moment.



My interpretation

Track the “freeze” hardening process.
Create “frozen” storage schedules by seedlot.
Gain an early indication of the expected 
lifting date for “frozen” storage.



Test will likely not predict when to 
store seedlings in a cooler (>32 F)  



Test will likely be able to detect
genetic differences  









2008 test 
bareroot stock in VA 
container stock in AL



Sample every 3 weeks



7-56





Stem       Needle         Bud



Estimated Lethal Temperature



Which method will produce a cold-tolerance curve?
The ELT method or the Cold Nsure method?





Eight putative indicators were selected. 
Six supposedly relate to cold stress.
Two supposedly relate to cell division (vitality indicator)

Two of the cold stress indicators (CT1 and CT2) and one vitality indicator (V1) 
were detectable at reasonable levels in loblolly pine bud tissue.

The expression levels of the other indicators appeared to be to low to draw 
any conclusion.



Bud… needle.. or stem?

RNA yields from the three different tissue 
types were evaluated by “real-time 
polymerase chain reaction” (RT-PCR) using 
primers developed for a ribosomal gene. It 
appeared that from buds, RNA yield was 
sufficient for further measurements. However 
RNA yields from needles and stem (at root 
collar) were extremely low, about 1000 to 
10,000 times lower than the yield from buds. 



Theoretical pattern of cold tolerance 
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Theoretical pattern of cold tolerance 
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Estimated mortality to -10 C freeze 
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Variation in coldstress indicator 
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Genotypic differences

The overall level of expression of the cold 
stress indicator PTC2 is relatively high in VA 
Piedmont with two clearly distinguishable 
peaks (28 November and 20 February).  The 
situation is different for the other two 
sources (7-56 and AL-coastal) where the 
expression is low or declining. 
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Correlations poor

In general it seems to be hard to correlate 
expression data of cold stress indicators with 
fluctuations in ELT values, both for mortality 
and needle damage.



Estimated mortality to -10 C freeze 
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Estimated mortality to -10 C freeze 
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Estimated mortality to -10 C freeze 
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Estimated mortality to -10 C freeze 

0
10
20
30
40
50
60
70
80
90

100

1 12 23 4 15 26 6 17 28 8 19 1 12 23
Es

tim
at

ed
 m

or
ta

lit
y 

(%

Nov Dec Jan Feb Mar

VA 7-56
rna



Estimated mortality to -10 C freeze 
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Estimated mortality to -10 C freeze 
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Estimated mortality to -10 C freeze 

0
10
20
30
40
50
60
70
80
90

100

1 12 23 4 15 26 6 17 28 8 19 1 12 23
Es

tim
at

ed
 m

or
ta

lit
y 

(%

Nov Dec Jan Feb Mar

VA 7-56

V-1

rna



Estimated mortality to -10 C freeze 

0
10
20
30
40
50
60
70
80
90

100

1 12 23 4 15 26 6 17 28 8 19 1 12 23
Es

tim
at

ed
 m

or
ta

lit
y 

(%

Nov Dec Jan Feb Mar

AL



Estimated mortality to -10 C freeze 

0
10
20
30
40
50
60
70
80
90

100

1 12 23 4 15 26 6 17 28 8 19 1 12 23
Es

tim
at

ed
 m

or
ta

lit
y 

(%

Nov Dec Jan Feb Mar

AL 

CT-1

rna



Estimated mortality to -10 C freeze 

0
10
20
30
40
50
60
70
80
90

100

1 12 23 4 15 26 6 17 28 8 19 1 12 23
Es

tim
at

ed
 m

or
ta

lit
y 

(%

Nov Dec Jan Feb Mar

AL

CT-2

rna



Estimated mortality to -10 C freeze 

0
10
20
30
40
50
60
70
80
90

100

1 12 23 4 15 26 6 17 28 8 19 1 12 23
Es

tim
at

ed
 m

or
ta

lit
y 

(%

Nov Dec Jan Feb Mar

AL

V-1

rna



NSure Conclusions

Focus should be on buds and stem.
Samples should be analyzed shortly after collecting.
A special extraction solution for highly contaminated 
samples should be used for tissues other than buds.
More effort (money, some kind of funding) is 
needed to collect additional indicators, this study 
makes clear that is must be possible to find those.

Peter Balk
NSure bv, Wageningen
05 September 2008



Conclusions
In agreement with findings with Douglas-fir, these results 
indicate that loblolly pine needles may not be a reliable test 
material.

More effort is needed to evaluate additional indicators. This 
study indicates the current indicators (CT1, CT2 and V1) do 
not track cold hardiness of loblolly pine (as indicated by 
ELT).

When rapid analysis is required, a cold-hardy test using ELT 
can be used to produce a cold-hardy chart. 



Introductory price

$133
$123
$119



days

28

Cold NSure

Do we need results in 2 days?



Cold NSure staff would like to know if 
anyone would be interested in  
cooperating in a follow-up trial.



Thanks to…

Virginia Dept of Forestry, International Forest 
Co, Weyerhaeuser, The Hardwood Tree 
Improvement and Regeneration Center & 
OSU Nursery Technology Coop for assistance 
in this study.

Thanks to USFS State and Private Forestry for 
funding support and to support from a grant 
from McIntire-Stennis.
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Questions?
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