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Studies on mechanism of enhancing the chilling resistance of annual ryegrass by
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Abstract: The annual ryegrass (Lolioum multiflorum) was used in this study. The seeds of ryegrass were germinated in a
growth chamber at 20+1C, with 60% to 80% of humidity, under 12h light (400 Ix)/12h dark. The continuous illumination
was provided by cool-white fluorescent lamps (400 Ix). When the second or the fourth leaves fully expanded the normal leaves
were selected for the experiments.

SNP ([Na,Fe(CN)s] + NO, Merck, Karmstadt, Germany) was used as NO donor. In the experiments the stock solution
of 10mmol/L. SNP was prepared and immediately diluted to the demanded concentrations. The following two experiments were
carried out:

Experiment 1 The SNP spraying treatment: in the growth chamber, when the first leaves fully expanded (3~4cm long)
the seedlings were grouped and sprayed with solution of SNP at different concentrations of 0, 0.2, 0.5 and 1. Ommol/L . which
contained 2%, Polysorbate-80 to increase the leaf surface tension. The spray treatments were conducted once a day for three
consecutive days. Then the samples with triplicate were taken up for the further determination.

Experiment 2  Chilling stress: As soon as the Experiment 1 was finished, some of ryegrass leaves were kept in growth
chamber at 0 C to suffer from chilling stress. Therefore the treatments were designed as follows: A Normal control; B 0 C-
chilling stress control; C 0. 2mmol/L. SNP + 0 C-chilling stress; D 0. 5mmol/L. SNP + 0 C -chilling stress and E 1. Ommol/L

SNP +-0C-chilling stress. The above chilling stress treatments lasted for one or three days in the growth chamber. Then the
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growth chamber was reset at 20 C, thereby getting the ryegrass back to a normal growth for three days. During chilling stress
period and after a 3-day recovering growth, the leaves were sampled with triplicate.

All the samples obtained from the above two experiments were used to measure the membrane permeability, proline
content and the activities of SOD, POD and CAT. All the experimental data were expressed as means +SE, and then analyzed
by using EXCEL and DPS tools. Moreover the data from independent samples were comprised by using t-test. The different
measurements were subjected to a one-way analysis of variance (ANOVA). In all cases the confidence coefficient was set at 0.
05 and 0. 01.

The results showed that the SNP treatment was able to alleviate the rise of membrane permeability and accelerate the
accumulation of proline in ryegrass under chilling stress. Moreover, the activities reduction trends of SOD, POD and CAT in
the treated seedlings were apparently slowed compared to those of chilling stress controlled seedlings. After a 3-day recovery,
the membrane permeability, proline content and protective enzymes activities of the seedlings treated with SNP got back to the
levels of normal seedlings, while those of chilling stress seedlings were not able to get recovery completely due to the chilling
damage. These indicated that the SNP had a function of protecting seedlings from being harmed by chilling stress; in
particular, the effect of 0.5 mmol/L. SNP was much significant. The mechanism that NO is able to enhance cold resistance of
ryegrass might be related to the modulation of the activities of protective enzymes and the variation of the membrane
permeability and the proline content.

Key words :annual ryegrass; nitric oxide(NO); chilling stress; protective enzymes; cold resistance
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Table 1 Changes of Leankage of electrolyes. proline content and the activities of protective enzymes in the ryegrass after growth resumes for 3

days (=SE)
Index Membrane Proline content Superoxide dismutase Catalase Peroxidase
permeablity (%) (umol/gFW) (U/(min « gFW)) (mg/(min « gFW)) (umol/(min « gFW))

A 32.14+0.18 13.140. 38 20.24+1.59 0. 00940. 0007 122.2+9.62

B 33.540.53" 14.540. 29 14.840. 26" 0. 00540. 0008 * 94.4+19.2

C 28.5+0.50" 16.14+0.45" 17.340.55" 0.00640. 0007 " 216.7433.3"

D 24.6+0. 64 18.4+0.35" 19.5%0.79 0. 00840. 0005 250.0416. 7"

E 26.9+0.44" 15.840. 27" 18.540.51" 0. 00740. 0005 " 227.8425.5"

A Normal control; B 0C 0 C-chilling stress control; C 0. 2mmol/LLSNP+0 C 0. 2mmol/LSNP+ 0 C-
chilling stress; D 0. 5mmol /LSNP0 C 0. 5mmol /LSNP 40C chilling stress; E 1. 0mmol/L SNP 40 C 1. 0mmol /L
SNP + 0Cchilling stress; » (p<C0.05)
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