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The effect of artificial warming during winter on white clover ( Trifolium repens

Linn) ; overwintering and adaptation to coldness in late spring

ZHOU Ruilian*, ZHAO Mei, WANG Jin, ZHANG Ping,ZHU Luying, ZHAO Yanhong
College of Life Sciences, Ludong University, Yantai 264025, China

Abstract; Perennial plants that normally experience dormancy during winter may be subjected to more cycles of freeze-thaw
caused by warming winter. We explored the physiological mechanisms of adaptation of white clover, Trifolium repens Linn,
to freeze-thaw stress. In late fall of 2009, uniform plots of white clover grown in a natural environment ( NE) were covered
with a plastic house (pH) to simulate the effect of a warmer winter or left uncovered ( control). During the winter and
following spring, growth capacity and physiological indices related to resistance to adverse environment were measured in
leaves of white clover grown in both conditions. In the winter of 2009, the average temperature ranged from below zero
(=10°C) to 7°C in the NE during which leaves experienced thawing-freezing-thawing-freezing, and above zero (from 1 °C
to 7 °C) in the pH where leaves were never frozen. In late fall of 2009, all white clover was of uniform height. But in
spring 2010, plants grown in the PH (26 ¢cm) were 3 times taller than those in the NE (8 ¢cm). This difference in height
disappeared by June 2010. In winter, the relative membrane permeability, MDA ( malondialdehyde) , proline, and soluble
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sugar contents, and the activities of catalase ( CAT) and superoxide dismutase (SOD) and peroxidase (POD) increased
with decreasing temperature in leaves of white clover grown in both NE and PH. The physiological index values in the white
clover grown in the NE experiencing freezing-thaw stress was greater than those in leaves grown in PH (no freezing). In
spring, two days after removing the plastic housing, the relative membrane permeability and content of MDA in the leaves of
white clover rose quickly to 127% of values before removing the PH, and even higher than that in the leaves of white clover
grown in the NE. Activities of SOD and CAT in white clover after removing the PH also increased quickly to 33% and
84.6% higher than in white clover grown in NE. In addition, during late spring coldness, plants in both treatments showed
the same trend of increasing proline and soluble sugar content and activities of POD and SOD in response to lower
temperature. Our results suggest that Trifolium repens has a high capacity to activate antioxidant enzyme activity to control
lipid peroxidation and increase osmolytes in response to freezing temperature and that these mechanisms play a key role in
surviving warm winter. While a warming winter delays the greening period, it does not retard white clover growth in spring,

making white clover an excellent plant to withstand climate changes that include warmer winters.

Key Words: white clover; warming winter; resistance to freeze-thaw; late spring coldness; physiological mechanisms
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Fig. 1 Daily changes in maximum and minimum temperature during winter of 2009 and spring of 2010 and comparison of temperature in

plastic house and natural environment
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Table 1 Comparison of plant height of white clovers grown in the field and plastic house in winter, 2009

S PRy Bf1al( A/ H )/ Time ( month/ day)
Treatment 11-28 12-15 12-30 01-15

WIZMIE IR Low temperature in Natural environment 5.3+0.4a 6.3+0.6b 6.9+0.5b 7.2+0.9b
HIPS R High temperature in Plastic house 5.7+0.5a 10.7x0.8b 15.4+0.8¢ 19.3+0.6 d

PAMETR : A SRS A A B SRR &

2.3 AXFFH=MH A AR EE R MDA &5 12k
2 e Bf ORI Bh 2T B ZERE TR P AP AR A0 1 =i e 4 A M s T R (H AR A BN (]
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Table 2 Comparison of plant height of white clovers after removing plastic house in spring, and grown in the field, 2010

IS Affal( H-H ) Time ( month-day)
Treatment 03-11 03-14 04-14 05-14 06- 14
HIFMEIR Low temperature in Natural environment 8.2+0.7a 8.7+0.9a 15.1+1.3b 25.7£2.0c 30.3+2.9d
N 2515 High temperature in Plastic house 20.7+1.4a 21.3%2.1a 24.2+1.5b 28.3+2.4c 32.1x1.2d
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2 ZFFBHEBNESEEFE"IEPE =M FHAREEINEER MDA 88T
Fig. 2 Changes in relative membrane permeability and MDA contents in the leaves of Trifolium repens during freezing-thaw cycle in winter

and late spring cold in spring
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Fig. 3 Changes in the contents of proline and soluble sugar in the leaves of Trifolium repens during freezing-thaw cycle in winter and late

spring cold in spring
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Fig. 4 Changes in activity of antioxdant enzymes ( superoxide dismutase (SOD), peroxidase (POD), catalase (CAT)) in the leaves of

Trifolium repens during freezing-thaw cycle in winter and late spring cold in spring
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