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Differential thermal analysis on the freezing dynamics of
Chimonanthus praecox and Photinia serrulata stems
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(1. College of Life Sciences, Ludong University, Yantai, Shandong 264025, China; 2. Institute of Applied

Microbes, Xinjiang Academy of Agricultural Sciences, Urumugi 830091, China)
Abstract. At a cooling rate of (0.66 + 0.2) °C/min, the thermodynamic behavior of living and
heat-killed (100°C for 10 min) young stems of Photinia serrulata Lindl and Chimonanthus
praecox (L.) Link. were investigated using high-resolution differential thermal analysis (DTA)
during freezing from 0°C — —-20°C. The freezing features of the stems were also analyzed based
on their morphological structures. The DTA curves from living stems of P. serrulata and C.
praecox showed three exothermic peaks, whereas those from heat-killed stems showed one
exothermic peak. Based on the dynamics of the exotherms, structures of the stems, and
thermal conductance, the three exothermic peaks from living tissues likely represented the
freezing process in the stems in the following order. freezing of apoplastic water, freezing
dehydration of cambium and phloem, and finally freezing dehydration of pith cells. The
simulation of uniform tissue sap using filter papers drenched with normal saline also showed a
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single exothermic peak, which was similar to the thermal behavior of the killed stems, indicating
the freezing of a solution with no isolation of the cell membrane. These results showed that many
details on heat release, freezing temperature, and dynamics of the freezing process in tissues
can be revealed by DTA, which is thus suitable for analysis of freezing dynamics in plants.

Key words: Photinia serrulata; Chimonanthus praecox; Freezing stress; Differential thermal

analysis; Freezing dynamics
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Transverse sections of young stem of Chimonanthus praecox (A) and Photinia serrulata (B)
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Fig. 2 Thermograms of living (A) and heat-killed (B) C. praecox stems during cooling
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Fig. 3 Differential thermograms of living (A) and heat-killed (B) C. praecox stems during cooling
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Table 1 Water potential, freezing point, freezing temperature, supercooling degree, and parameters of
differential thermal analysis from different samples
BES AN K (MPa) vkt (C) VKR (°C) R (C) L5VKh R E] (s)
Type of sample Water potential Freezing point Freezing temperature Supercooling degree  Freezing relaxation time
WA (7)) -0.57 + 0.22 -0.43 + 0.16 -3.83 £ 0.25 3.40 +0.22 362 + 43a
A (RAE) -1.26 = 0.04 -0.95 + 0.04 -4.53 + 0.42 3.58 +0.25 114 = 18b
At (1) -0.83 £+ 0.17 -0.62 £ 0.17 -3.98 + 0.31 3.36 + 0.20 397 + 39a
At ( ARFE) -1.42 + 0.06 -1.07 £ 0.05 -5.47 +0.28 4.40 + 0.17 179 + 24b
AR K -0.58 -0.44 -6.20 5.76 26

i a, b FTRE—EYAFALIAE P < 0.01 K L2EFRBE,
Note: a and b indicate differences between different treatments of the same plant are extremely significant (P < 0.01).
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