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Mechanism Underlying Overwintering Death in Poplar: the Cumulative Effect
Hypothesis Involving Effective Freeze-thaw Damage

YANG Cheng-chao

(Liaoning Provincial Institute of Poplar ,Gaizhou,Liaoning 115213,China)

Abstract: In order to understand the mechanism of poplar overwinter death, based on a 5-year field observa-
tion in fixed plots,the relationships between the overwinter death as well as trunk break and temperature
and sunshine were investigated. Indoor controlled method was adopted to examine the effects of low tem-
perature and freeze-thaw cycles on the bud burst rates and relative electrical conductivity. The results indi-
cated that low temperature was not the necessary condition for overwintering death,and there was no clear
causal relationship between negative accumulated temperature and overwintering death. Freeze-thaw cycles
were more damaging than constant exposure to low temperature. Resistance to freeze-thaw cycles differed
among clones, while the bud burst rate decreased with increasing exposure to freeze-thaw cycles. Cold-re-
sistant clones had the lowest relative electrical conductivity levels. We proposed the cumulative effect hy-
pothesis involving effective freeze-thaw damage and three concepts,such as effective freeze-thaw,freeze re-
sistance degree,freeze-thaw resistance degree.
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Table 1  Overwintering death rates and trunk broken rates of poplar and negative accumulated
temperatures from 2008 to 2012 in Linghai,China
AR BT WG 2/ % RWBETIR/ % HARIETIHR/ % 1 HHBR/C ARG/ C KL
2008—2009 58.0 54.5 37.2 —248.1 —589.4 IbE &
2009—2010 0 0 0 —326.7 —849.5 JEES
2010—2011 0 0 32.6 —376.2 —791.1 EH
2011—2012 0 0 0 —381.8 —975.9 wA
2012—2013 45.7 41.3 28.8 —356.9 —972. 4 WA
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Table 2 Monthly minimum temperatures over five winters C

AR 11H 124 1A 2 A 3 A
2008—2009 —14.6 —21.5 —20.7 —21.5 —11.1
2009—2010 —13.5 —26.4 —29.2 —22.0 —16.3
2010—2011 —12.1 —28.0 —26.9 —19.7 —13.8
2011—2012 —14.7 —22.3 —24.2 —24.9 —13.5
2012—2013 —15.1 —24.0 —25.2 —23.5 —14.5
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Table 3 DTR monthly variation of air temperatures and temperature of sunlight-exposed bark of
P. X deltoides ‘Jing2’ in the winter of 2008 —2009 C
B3l H#22 1A 12 A 1A 2 A 3 A
iR SRR 1.740.2 —6.9+0.5 —7.84+0.4 —5.0+0.3 2.1+0.3
S H 14.94+1.0 14.54+1.4 15.240.8 13.8+1.4 10.941.4
R H#2E 21.5 21.2 20. 1 19.6 17. 4
3F1 v AR Bz S YU 4.740.3 —6.240.5 —6.6+0.7 —3.240.4 5.240.6
SR H B2 27.5+2.1 26.5+2.8 29.243.1 27.943.0 26.5+2.4
ESNIER 35.9 34.9 37.4 38.6 34.6
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Table 4 Bud burst rates after freeze-thaw and relative electric conductivity after 4 freeze-thaw cycles in poplar %
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1 2 3
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