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Effects of altitude and ice nucleating active bacteria on the
super-cooling point of Evergestis extimalis
Scopli (Lepidoptera: Pyralidida)
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Abstract [Objectives] To understand how cold tolerance is influenced by altitude and ice nucleating active bacteria (INA)
in high altitude environments. [ Methods] Field conditions were simulated in a laboratory to study the effects of varying the
super-cooling point (SCP) and freezing point (FP) of Evergestis extimalis. [Results] Super cooling point declined gradually
with altitude. For example, the SCP of E. extimalis from Le Du (1 900 m ASL), Xing Ning (2 300 m ASL) and Huang Yuang (3
010 m ASL) were - 12.30, - 13.39 and - 14.56 °C, respectively. Variation of SCP and freezing point were correlated with
local temperature. The SCP of E. extimalis increased after INA treatment. E. extimalis in the following treatment groups;
INA1-1 (Pseudomonas syringae), INA2-1 (P. syringae), INA3-1 (Erwinia pyrifoliae) and the control, had SCPs of -10.72,
-13.73, -14.04 and -14.39 °C, respectively in Feb. 2014. Mortality in the INA1-1, INA2-1, INA3-1 treatment groups and the
control were 29.09%- 36.17%-. 33.16% and 27.44%, respectively on Nov. 2013. [ Conclusion]  The SCP of E. extimalis
decreased with increasing altitude. INA treatment dramatically reduced mortality and increased the SCP of E. extimalis.
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Table 1 Supercooling point variation of Evergestis extimalis at different altitude

Above sea level

Time (year. month) LD ASL (1 900m) XN ASL (2 300 m) HY ASL (3 010 m)
2013.12 7.05+1.10a 7.20+1.15a 9.26+2.10b
2014.1 10.13+1.90a 11.02+1.23b 12.94+1.48c¢
2014.2 12.30+1.84a 13.39+2.05b 14.56+2.18c¢
2014.3 10.50+1.24a 11.00+1.40b 14.93+1.42¢
2014.4 8.56+2.14a 10.33+2.53b 9.914+2.30b
2014.5 10.01+1.89a 10.35+2.26a 10.45+2.45a

0.05 DMRT

Data followed by different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.

R2 BRSENEEFSBRHEKLNEMm

Table 2 Freezing point variation of Evergestis extimalis at different altitude

Above sea level

Time (year. month) LD ASL(1 900 m) XN ASL(2 300 m) HY ASL (3 010 m)
2013.12 6.48+0.29a 6.91+1.22a 7.36+0.98a
2014.1 6.66=1.56a 7.89+1.35b 8.41+0.69b
2014.2 9.78+1.95a 10.62+2.20ab 11.19+1.34b
2014.3 10.05+1.87b 7.65+0.39a 11.15+1.98b
2014.4 6.45+1.46a 7.76+1.59a 7.49+2.69a
2014.5 8.59+1.25a 7.65+1.45a 7.56£0.43a
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Table 3 INA bacteria effect on supercooling point of Evergestis extimalis
Treatment 2013.12 2014.1 2014.2 2014.3 2014.4 2014.5
CK 7.20+1.15a 11.0241.23¢  14.39+3.05¢c  11.00+1.40a  10.33+2.53b  12.35+3.26d
1-2INAI-2  7.13x1.40a 8.59+2.43b  10.72+1.79a  9.80£3.24a  10.90+2.30bc  11.62+3.26bcd
1-1INAI-1  6.30+1.88a 8.52£1.95b  10.15+2.4la  9.67+3.42a  8.85+2.30a  10.16+3.39a
2-2INA2-2  6.97+1.67a 9.39£1.81b  13.73+2.70bc  10.95+3.59a  8.81+2.88a  10.37+2.12ab
2-1INA2-1  6.76+0.80a 8.71£1.93b  12.97+1.77b  9.70+2.56a  8.91£2.07a  10.03+2.86a
3-2INA3-2  6.90+1.97a 7.14+1.66a  14.04£2.19bc  10.92+3.03a  11.43+2.07c  11.77+3.48cd
3-1 INA3-1  6.79+1.79a 6.52£1.95a  13.05+1.88bc  10.59+2.39  11.02+2.35bc  10.78+3.36abc
R4 KREEXNEEERFIEK SRS
Table 4 INA bacteria effect on freezingpoint of Evergestis extimalis
Treatment 2013.12 2014.1 2014.2 2014.3 2014.4 2014.5
CK 6.91+1.22¢ 7.89+1.35d  11.62+2.20c 9.65£0.39¢c  8.76x1.59c  10.65+2.45d
1-2INAI-2  6.64£1.58bc  6.93+1.63c  10.05£1.26abc  8.62+1.69bc  8.1242.54bc  9.12+1.32bcd
1-1INAI-1  5.26+081a 6.96+1.47¢ 8.86+2.68a 6.05+2.76a  7.00£1.90ab  8.66:+1.73bc
2-2INA2-2  6.51£1.65bc  6.53+1.19abc  9.19+2.48ab 9.00£1.03¢c  6.92+1.29ab  7.39+2.21ab
2-1INA2-1 5.59+0.71ab  6.09+1.17ab  8.84+1.47a 8.65+2.04bc  6.14+1.38a 7.06+2.67a
3-2INA3-2  6.03t1.53abc  6.65+1.75bc  10.92+2.79bc  8.01+1.52bc  8.47+0.94bc  9.41+1.25cd
3-1 INA3-1 5.09+1.32a 5.96+1.47a 10.28+1.94abc  6.84+2.39ab  8.04+2.17bc  8.17+2.0labc
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Table 5 INA bacteria effect on mortality of Evergestis extimalis

Treatment 2013.12 2014.1 2014.2 2014.3 2014.4 2014.5
CK 27.44+1.32f  30.00+2.31g 36.00+1.56f  32.85+2.35f  28.80+0.36e  29.00+2.89cd
1-2INA1-2  29.09+3.00f  40.91+2.14d 50.00+2.24c  43.00£1.98c  32.00+2.47d  28.18+3.10d
1-1INA1-1 31.09+2.54e  58.62+1.45a 60.74+1.65a  50.81+1.87a  39.13+1.24b  30.41+1.75¢
2-2INA2-2 36.17+1.00c  50.00+3.87c 41.67+1.03¢  38.18+1.20e  17.39£0.98g  13.64+1.01le
2-1INA2-1 39.00£2.01b  53.33+2.14b 56.92+0.87b  42.86+2.34c  59.26x4.35a  14.76x1.32e
3-2INA3-2 33.16+£0.87d  31.72+2.46f 46.43+£0.23d  41.06+1.58d  34.62+2.13c  40.00+1.25b
3-1INA3-1 41.38+3.98a  36.09+4.10¢ 49.5744.20c  44.44+123b  23.53£3.25f  50.00+0.23a
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