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Utilization of seed priming to enhance stress
tolerance for germination of celery
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The germination test of celery seeds at different temperatures and illumination
showed, the optimum temperature for germination of the four cultivars (local
smallage Ching Tung "107" and 99", Ching Yeh Pai Ku "Tian Wei", celery "UTAH")
was 15°C-25°C. The germination rate decreased significantly at lower or higher
temperature, and all cultivars could not germinate at 35°C. The inhibition of
germination in darkness at low temperature (10°C) and high temperature (above 30°C)
is more significant than that at appropriate temperature. Among them, "UTAH" is



most sensitive to temperature and illumination. Alternating temperatures can promote
the germination of celery seeds and reduce the inhibitory effect of darkness.

Celery seeds were treated with different priming solvents (GAs, KNOj3, NaCl,
Salicylic acid, Chitosan) and temperature (6, 12, 24 hours at 15°C) to overcome the
high temperature and dark stress on seed germination. At constant temperature
conditions, GA3 priming could not improve the germination rate of celery seeds at
15°C and 30°C, KNO3 and salicylic acid priming could not promote the seed
germination at 15°C, but can significantly increase the germination rate of the four
cultivars at 30°C in light and dark. In addition, 300mM NaCl priming for 6 hours can
significantly increase the germination rate of the four cultivars in dark at 15°C and
30°C, 0.5% chitosan priming for 12 hours could not only improve the germination
rate of Ching Tung "99" and "Tian Wei" at 15°C in light and dark, but also increase
the germination rate of all cultivars at 30°C in dark. At alternating temperatures, all
priming solvents can significantly increase the germination rate of "UTAH" at
20/30°C in dark, among which KNO3, NaCl, salicylic acid can also improve the
germination at 25/35°C in dark. 0.5% KNO3 priming for 6 hours increase the
germination rate of Ching Tung "107" at 20/30°C in light and dark, 0.8mM salicylic
acid priming for 6 hours significantly improve the germination rate of local smallage
at 20/30°C in dark. 0.5% chitosan priming for 12 hours significantly improve the
germination rate of Ching Tung "99" at 20/30°C, 25/35°C and "Tian Wei" at 25/35°C
in dark. 0.2% KNO; priming for 12 hours significantly improve the germination rate
of Ching Tung "99", "Tian Wei" at 25/35°C in dark. 300mM NaCl priming for 6
hours improve the germination of all cultivars. Although the priming could not
significantly increase the germination rate in some conditions, all priming solvents
could decrease the time to 50% germination (GT50).
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NIERIEIA R i
CK 0.6mM 6hr 0.8mM 6hr 0.6mM 12hr 0.8mM 12hr 0.6mM 24hr 0.8mM 24hr
Salicylic acid priming
25/35°C

- I I

CK 0.6mM 6hr

0.8mM 6hr 0.6mM 12hr

Salicylic acid priming

0.8mM 12hr 0.6mM 24hr 0.8mM 24hr
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"o kw " Rk PR AR X R W PRk R 28
15°C
CK 0.6mM 6hr 0.8mM 6hr 0.6mM 12hr 0.8mM 12hr 0.6mM 24hr 0.8mM 24hr
Salicylic acid priming
30°C -
I
CK 0.6mM 6hr 0.8mM 6hr 0.6mM 12hr 0.8mM 12hr 0.6mM 24hr 0.8mM 24hr

Salicylic acid priming
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CK 0.6mM 6hr 0.8mM 6hr 0.6mM 12hr 0.8mM 12hr 0.6mM 24hr 0.8mM 24hr

Salicylic acid priming

25/35°C
-Bemim-
I
T I .
I I
ol [
CK 0.6mM 6hr 0.8mM 6hr 0.6mM 12hr 0.8mM 12hr 0.6mM 24hr 0.8mM 24hr

Salicylic acid priming
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15°C I g
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CK 0.5% 6hr 0.5% 12hr 0.5% 24hr
Chitosan priming

30°C

CK 0.5% 6hr 0.5% 12hr 0.5% 24hr
Chitosan priming
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"107" pe k m"107" 2 = 99" Bk m"o9" 2
"o kv U OpRk m'e ko TR B w2
20/30°C I
| | 1
| I :
il o
CK 0.5% 6hr 0.5% 12hr 0.5% 24hr
Chitosan priming
25/35°C
I
! I
I I
I o ] I I
1 I
CK 0.5% 6hr 0.5% 12hr 0.5% 24hr
Chitosan priming
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CK 0.5% 6hr 0.5% 12hr 0.5% 24hr
Chitosan priming
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CK 0.5% 6hr 0.5% 12hr 0.5% 24hr
Chitosan priming
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Chitosan priming
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CK 0.5% 6hr 0.5% 12hr 0.5% 24hr
Chitosan priming
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CK H20 6hr H:0 12hr H:0 24hr
Hydropriming

30°C

CK H20 6hr H20 12hr H.0 24hr
Hydropriming
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B ] ] I
CK H:0 6hr H:0 12hr H.0 24hr
Hydropriming
25/35°C
L ; I
N P [ l I I I
CK H:0 6hr H:0 12hr H.0 24hr

Hydropriming
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Hydropriming
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2L 1% GAEAAEHTEAT 4T FEREZ LG EETH 52 P18

S48 F 107" oA 199"
RIEIRE 15°C 20/30°C 30°C 25/35°C RILR B 15°C 20/30°C 30°C 25/35°C
GA; * e #* i) # L #x H GAy x £ & o x s & iy
CK 52%aY 58a 45bc 43¢ 47ab 1led 62a 57a CK 43¢ 47ab 50ab 52ab 36ab 29b 49a 41ab
50ppm 6hr 6la 59a 55a 48be 48a 17b 55ab 54ab 50ppm 6hr 40¢ 46ab 49be 43be 46a 3%9a 4lab 42ab
100ppm6hr 54a 56a 57a 54ab 41abc 32a 55ab 43bc 100ppm 6hr 53b 37b 45bed 50ab 46a 40a 47a 42ab
50ppm 12hr 52a 52a 44c 50bc 36bc 11bed 52b 47abc 50ppm 12hr 37¢c 43ab 37d 41c 35b 26b 44a 38b
100ppm 12hr 55a 52a 60a 60a 35¢ 11bed 46b 43bc 100ppm 12hr 56b 53a 58a 54a 39ab 29b 43ab 47a
50ppm 24hr 55a 55a 53ab 55ab 43abc 6d 49b 5labc 50ppm 24hr 4lc 45ab 4lcd 46abc 43ab 12d 40ab 4lab
100ppm 24hr 34b 55a 57a 52ab 48a 13bc 46b 38c 100ppm 24hr 69a 44ab 4lcd 5lab 46a 19¢c 35b 35b
R %ﬁ‘éé"ﬁ'"ﬁféé#“ mfE @7:?#“5@1 "
RIEIEE 15°C 20/30°C 30°C 25/35°C REBE 15°C 20/30°C 30°C 25/35°C

Ga, * o # W I3 " % w GA, * " * w5 * W £ "

CK 48b 49ab T7a 6la 47ab 32ab 64a 48b CK 92ab 85bc 93ab 55b 23a 0b 86a 25bc
50ppm 6hr 5lab 44b 54bc 46¢ 47abe 39%a 43be 57a 50ppm 6hr 93a 9lab 90abe 90a 14b 0b 80a 18¢c
100ppm 6hr 50ab 43b 52bc 45¢ 41c 37ab 48b 49b 100ppm 6hr 87bc 92a 95a 90a 6be 1b 8la Ha
50ppm 12hr 53ab 52ab 50c 52abe 44abc 28b 37be 47b 50ppm 12hr 88abc 74d 86bc 87a lc 0b 84a 42a
100ppm 12hr 56a 55a 50c 58ab 41bc 31ab 48b 47b 100ppm 12hr 88abc 74d 93ab 92a lc 2a 85a 22¢
50ppm 24hr 50ab 49ab 48¢ 50bc 49a 29b 42bc 39 50ppm 24hr 90abec 83¢c 85a 59b 4c 0b 78a 32b
100ppm 24hr 49ab 56a 60b 53ab 29d 30b 30¢ 34¢ 100ppm 24hr 85¢c 9lab 90abc 86a 26a 2a 78a 17¢

ZMean (n=4) Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.

22 417" GABBAILH T FT A7 bR 2 ke if 2T 4 ¥ 3 #(GT50)2 B 5

oAE  EFEH 107" fE L EF 99"

RIEIRE 15°C 20/30°C 30°C 25/35°C R/ 15°C 20/30°C 30°C 25/35°C

GA; * o #x o % o #x 3 GA; x w * H #x o # o
CK 15.2%a¥ 13.8a 13.5a 13.4a 13.7a 13.6a 13.6a 17.8a CK 15.9a 13.8¢ 13.6a 13.5a 13.4a 13.3a 13.6a 13.6a
50ppm 6hr 12.76 12.7b 9.5b 9.4b 9.7¢ 9.5bc 10.6¢c 9.6de 50ppm 6hr 13.9a 13.0d 9.4b 9.3b¢ 8.0bc 8.6¢c 8.8de 8.6e
100ppm 6hr 12.7b 12.7b 9.5b 9.7ab 9.6¢ 9.8bc 10.7¢ 10.6cd 100ppm 6hr 14.2a 13.2d 9.3b 9.6b 8.0bc 9.4c 9.4d 8.8d
50ppm 12hr 8.6c 8.7e 8.5¢ 8.5de 8.7d 8.6c 8.6d 8.6e 50ppm 12hr 13.6a 18.2a 8.5¢ 8.5cd 8.5b 8.5¢ 8.6e 8.5e
100ppm12hr 8.6¢c 8.7e 8.6¢c 8.7cde 8.6d 8.5¢ 8.6d 8.6e 100ppm 12hr 8.7b 8.7e 8.6c 8.7cd 8.5bc 8.5c 8.6e 8.5e
50ppm24hr 11.5b 11.7d 7.7d 9.2bcd 8.1d 9.8bc 11.5¢ 11.5bc 50ppm 24hr 15.4a 15.5b 7.5d 7.8d T4c 9.8¢ 11.5¢ 11.5¢
100ppm24hr 12.7b 12.3¢ 7.9d 8.2e 10.7b 10.2b 12.5b 12.6b 100ppm 24hr 12.7a 15.4b 7.6d 9.9b 8.4bc 11.5b 12.5b 12.6b

B FEQFERGR BT R

RELRE 15°C 20/30°C 30°C 25/35°C RIS A 15°C 20/30°C 30°C 25/35°C

GA; * 0 * 0 #* 4 * 3 GA; * g E) 3 ) H * B
CK 13.6a 13.6a 13.4a 13.3a 13.2a 11.0a 13.6a 13.6a CK 15.1a 19.2a 13.5a 13.5a 19.5a - 13.4a 13.6b
50ppm 6hr 12.6b 12.6b 6.9¢ 7.0¢ 6.5¢ 6.6c 8.7b 10.0b 50ppm 6hr 12.6b 12.9b 7.8bc 8.5d 11.3b - 10.1d 16.4a
100ppm 6hr 12.6b 12.6b 6.8¢c 7.2¢ 6.5¢ 7.1bc 8.6b 8.7b 100ppm 6hr 12.6b 12.7b 7.9bc 9.3¢c - - 8.7¢ 8.6e
50ppm 12hr 8.6d 8.6e 8.5b 8.5b 8.5b 8.5bc 8.6b 8.5b 50ppm 12hr 8.7c 14.8bc 8.5b 8.6d - - 8.6e 8.5e
100ppm 12hr 8.6d 8.6e 8.6b 8.6b 8.5b 8.5bc 8.5b 8.5b 100ppm 12hr 8.7c 15.8abc 8.6b 8.9cd 13.5b - 8.6e 8.6e
50ppm 24hr 10.7¢ 11.3d 6.8¢c 6.9¢ 6.7¢ 7.2bc 9.8b 8.5b 50ppm 24hr 11.9b 17.5ab 6.8d 11.4b - - 11.5¢ 11.5d
100ppm 24hr 11.3¢ 11.5¢ 6.9¢c T.1c 9.1b 9.0b 12.3a 10.8b 100ppm 24hr 11.96  15.6abc  7.lcd 8.7cd 13.4b 11.5 12.5b 12.4¢

ZMean (n=4) Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.



203 41% KNOsi 9 AR $ 7 £ 483 63 il A2 Lo 52 T 5 72 5

Bk FH07" A FH 99"

R 15°C 20530°C 30°C 25/35°C LA R 15°C 2030°C 30°C 25/35°C
KNO; * i # H #* ) * i KNO; * ) x H x H * i
CK 52%abc” 58ab 45¢c 43¢ 47bc 11d 62a 57b CK 43ab 47ab 50ab 52ab 36¢ 29¢ 49ab 41
0.2%6hr 57ab 58ab 58b 53bc 43bc 19be 55ab 52b 0.2%6hr 47ab 5la 45ab 49b 36¢c 28¢c 47ab 37
0.5%6hr 6la 63a 73a 73a 49b 24b 52b 7la 0.5%6hr 48a 37¢ 53a 49b 42¢ 43b 50ab 52
0.2%]12hr 47bc 50bc 30d 32d 38cd 18bc 65a 73a 0.2%12hr 46ab 43bc 29¢ 37c 57b 52b 54a 58
0.5%]12hr 48bc 44c 48bc 53bc 31d 17c 17d 52b 0.5%]12hr 37b 42bc 40bc 47b 35¢ 32¢ 39bc 32
0.2%24hr 56ab 51bc 50bc 59b 42bc 13¢d 30¢ 27¢c 0.2%24hr 48a 46ab 53a 5lab 38¢ 29¢ 35¢ 30
0.5%24hr 42c 39¢ 55be 56b 68a 49a 61ab 55b 0.5%24hr 38ab 38c 56a 59a T2a 80a 44abc 55

i E¥ARERaR" il R L

RHE/BE 15°C 20/30°C 30°C 25/35°C RIE/B A 15°C 20/30°C 30°C 25/35°C
KNO; % Ly % Ly % o % a% KNO; % W % o #* # #* #
CK 48ab 49a 77a 6la 47¢c 32¢ 64a 48bc CK 92ab 85bc 93a 55¢ 23¢ 0Oc 86b 25¢
0.2%6hr 48ab 46ab 50be 46¢ 47¢ 34c 40b 42¢ 0.2%6hr 92ab 92a 9la 89ab 4d Oc 87b 43b
0.5%6hr 49ab 53a 39d 58ab 6lab 42bc 46b 50b 0.5%6hr 98a 93a 93a 95a 2d Oc 93ab 44b
0.2%]12hr 52a 48a 22e 35d 72a 45b 64a 58a 0.2%]12hr 90b 93a 9lab 95a 44b 4b 97a 93a
0.5%]12hr 47ab 39b 51bc 53abe 49¢ 34c 66a 59a 0.5%]12hr 85bc 85be 85be T2¢ 3d Oc 85b 89a
0.2%24hr 51ab Sla 56b 57ab 51bc 35bc 42b 40c 0.2%24hr 89b 89ab 83c 84b 2d 2b 57c 39b
0.5%24hr 43b 53a 43cd 50bc 69a 56a 57a 48bc 0.5%24hr 80c 82¢ 94a 82b 79a 85a 88b 86a

“Mean(n=4)YMeanswithinthesamelettersinacolumnarenotsignificantlydifferentbyDuncan'stestat5%.

204 417 KNOsi# 2 AUt ¥ 5465 &7 B A & £ i 27 4 ¥ % #i(GT50)2 B 4

HFE FH107" SLE- ARl
RELRE 15°C 20/30°C 30°C 25/35°C RIZEFE 15°C 20/30°C 30°C 25/35°C
KNO; & B x B & w7 #* i KNO; & B x B & w x 3
CK 152%  13.8a 13.5a 13.4a 13.7a 13.6b 13.6a 17.8a CK 15.9a 13.8b 13.6a 13.5b 13.4a 13.3a 13.6a 13.6a
0.2%6hr 9.4b 9.3d 8.7cd 10.5b 11.2b 8.4c 102ab  11.2¢ 0.2%6hr 124bc  10.4c 9.9b 8.8d 10.0b 9.7b 10.8b  10.9ab
0.5%6hr 8.5b 11.4¢ 7.1d 7.2¢ 7.4d 8.3c 7.6b 10.5cd 0.5%6hr 112¢d  14.6ab 6.9d 7.4e 724 8.5bc 7.6¢ 7.6¢
0.2%12hr 8.7b 9.3d 13.5a 13.6a 9.4c 7.3de 7.4b 8.8de 0.2%12hr 9.7d 10.8¢ 13.3a 12.4¢ 9.3bc 9.2bc 6.8d 9.3bc
0.5%12hr 13.7a 13.6b  11.6ab  13.2a 13.2a 6.6 10.0ab  14.4b 0.5%12hr 13.5b 13.5b 6.7d 6.7¢ 6.8d 7.5¢ 6.9d 8.6bc
0.2%24hr 8.8b 8.8¢ 7.6d 7.3¢ 9.4¢ 7.9cd 7.2b 7.9¢ 0.2%24hr 15.5a 15.4a 8.4c 8.5d 7.9cd 7.7¢ 7.9¢ 7.6¢
0.5%24hr 8.5b 8.6 9.7bc 10.4b 14.1a 20.2a 12.0a 1l.4c 0.5%24hr 15.4a 15.4a 12.4a 15.4a 14.3a 14.3a 10.7b 13.1a
g FEaR'BRAEaR" R R B b e R
EE/BA 15°C 20/30°C 30°C 25/35°C E3/BA 15°C 20/30°C 30°C 25/35°C

KNO; * o #x o * B #* " KNO; * w #* e * 3 #* B
CK 13.6a 13.6a 13.4a 13.3a 13.2a 11.0a 13.6a 13.6a CK 15.1a 19.2a 13.5a 13.5a 19.5a - 13.4a 13.6b
0.2%6hr 9.1c 8.7c 8.3c 8.2d 7.9¢ 7.2b 8.8bc 9.5¢ 0.2%6hr 9.6¢ 9.6e 8.6¢ 8.8bc 9.9bcd - 9.8¢c 10.3d
0.5%6hr 8.2e 10.8b 5.7e 5.8F 6.4d 6.4b 6.7cd 9.1c 0.5%6hr 8.6¢ 14.5¢ 7.5d 7.5¢d 7.6cd - 7.6d 10.7¢
0.2%12hr 6.77 6.7d 13.3a 9.7b 9.2b 7.4b 6.8cd 8.0d 0.2%]12hr 9.3¢c 9.6e 6.6f 6.7d 6.5d 10.1b 6.7 6.6f
0.5%12hr 13.4b 13.4a 6.6d 6.7¢ 6.7d 6.6b 8.6bcd 6.8¢ 0.5%12hr 13.5b 13.5d 6.6f 10.0b 13.5b - 6.9ef 14.6a
0.2%24hr 8.5d 8.4c 6.6d 6.6e 6.4d 6.1b 6.5d 6.5¢ 0.2%24hr 8.9¢ 15.2b 6.9¢ 152a  112bc  17.5a 7.1e 8.5e
0.5%24hr 8.4de 8.2¢ 8.6b 8.8¢ 9.7b 11.8a 10.6b 10.8b 0.5%24hr 8.8¢ 15.2b 8.9b 15.2a 20.5a 20.5a 10.6b  10.6cd

ZMean(n=4)YMeanswithinthesamelettersinacolumnarenotsignificantlydifferentbyDuncan'stestat5 %.



%05 1% NaCl# o ASst o F87 &7 b AR 2 Loy if &7 4 ¥ 2§15

Ak FHC107" g L FEH 99"

RIZ/BHE 15°C 20/30°C 30°C 25/35°C KB 15°C 20/30°C 30°C 25/35°C

NaCl # B & iy % 3 # w7 NaCl #x B x B # B x H
CK 527bcy 58b 45b 43c 47a 11c 62ab 57b CK 43a 47b 50a 52a 36b 29¢ 49bc 41b
200mM 6hr 62b 6la 57a 52ab 37ab 6de 57be 35¢ 200mM 6hr S4a 47b 44a 5la 40b 19de 40d 39b
300mM 6hr 62a 82a 59a 46be 43ab 23b 65a T4a 300mM 6hr 46a 6la 43a 47a 58a 43¢ 54ab 58a
200mM 12hr 49d 47c 31c 34d 40ab 38a 56bc 59b 200mM 12hr 5la 50b 25b 35b 52a 52a 50bc 45b
300mM 12hr 56bed 52ab 50ab 53ab 37ab 10cd 50c 36¢ 300mM 12hr 42a 46b 51a 44b 41b 27cd 4dcd 45b
200mM 24hr 55bc 58ab 51ab 55a 34b 2e 55be 38c 200mM 24hr 53a 49b 48a 47a 40b 18e 51bc 44b
300mM 24hr 47cd 50¢ 30¢ 32d 38ab 18b 56be 53b 300mM 24hr 46a 43b 29b 37b 57a 52a 58a 59a

B AEaRFERGR Gl AR L

RE/BE 15°C 20/30°C 30°C 25/35°C RIEEE 15°C 20/30°C 30°C 25/35°C

NaCl X oW X o#® X " £ ow NaCl £ o#® £ o® X oW X o#®
CK 48a 49b 77a 6la 47¢c 32¢d 64a 48bc CK 92a 85be 93a 55d 23b 0 86ab 25d
200mM 6hr 54a 59ab 46¢ 54ab Slbc 26de 48b 44c 200mM 6hr 9la 91lab 90a 82c 5c 0 88ab 2d
300mM 6hr 57a 652 52bc 52ab 44c 49a 64a 58a 300mM 6hr 93a 90ab 83b 80c Tc 2a 94a 93a
200mM 12hr 54a 56ab 16e 48b 59b 46ab 57ab 53ab 200mM 12hr 87a 90ab 90a 9lab 2c la 86ab 84a
300mM 12hr 50a 48b 49¢ 47b 41c 38¢ 48b 48bc 300mM 12hr 89a 79¢ 88ab 93a 2¢c 0 T4c 5d
200mM 24hr 48a 48b 56b 55ab 43c 16e 51ab 46bc 200mM 24hr 9la 89ab 87ab 84bc 0 0 83abc 37c
300mM 24hr 52a 48b 22d 35¢ 72a 45ab 54ab 53ab 300mM 24hr 90a 95a 9la 95a 44a 4a 81bc 61b

ZMean (n=4) Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.

% 6. f1* NaCl B3 A2 £ /85 &7 FIE AR Z L i 2 T 5 5 % #(GT50)2

=
=g

SfE K 107" EX BN Rl

RIE/BE 15°C 20/30°C 30°C 25/35°C RIE/BE 15°C 20/30°C 30°C 25/35°C

NaCl x ) #x ) #* B % L NaCl x L x L A i) # iy
CK 15.2a 13.8a 13.5b 13.4b 13.7a 13.6a 13.6a 17.8a CK 15.9a 13.8ab 13.6a 13.5a 13.4a 13.3a 13.6a 13.6a
200mM 6hr 11.0b 12.0a 9.7d 11.1cd 10.3¢ 9.7bc 10.5b 15.6a 200mM 6hr 11.4b 12.0bc 9.6b 9.6cd 9.6¢c 9.6¢c 9.7¢ 13.5a
300mM 6hr 9.3be 10.0b 11.4c 10.9¢cd 4.8e 7.4cd 7.4c 9.4c 300mM 6hr 11.9b 12.1bc 9.5b 8.1de 4.6e 4.8d 6.8¢ 9.3c
200mM 12hr 8.8¢c 8.7b 16.2a 16.2a 9.4d 6.6d 13.7a 8.1c 200mM 12hr 11.4b 13.0bc 13.0a 9.5cd 9.2d 8.6c 6.8¢ 7.4d
300mM 12hr 15.2a 12.1a 10.9¢ 11.9bc 10.8b 10.7b 14.7a 12.7b 300mM 12hr 15.6a 15.6a 10.7ab 10.7bc 10.6b 10.6b 10.6b 10.6b
200mM 24hr 7.8¢c 9.3b 8.6e 9.3d 9.7d 8.0cd 9.6b 10.3b 200mM 24hr 11.6b 11.7bc 8.6b 7.4e 9.3d 8.8¢ 9.4d 9.3¢
300mM 24hr 8.7c 9.3b 13.5b 13.6b 9.4d 7.3cd 9.7b 12.2b 300mM 24hr 9.7b 10.8¢ 13.3a 12.4ab 9.3d 9.2c 9.6¢ 9.7c

R %ﬁ‘éé"ﬁ'"ﬁféé#“ mfE @7:?#“5@1 "

RHE/BE 15°C 20/30°C 30°C 25/35°C REBE 15°C 20/30°C 30°C 25/35°C

NaCl & B & 5 #* L * 3 NaCl % 23 % 3 # H * 3
CK 13.6a 13.6a 13.4a 13.3a 13.2a 11.0a 13.6a 13.6a CK 15.1a 19.2a 13.5a 13.5¢ 19.5a - 13.4a 13.6c
200mM 6hr 9.8¢c 9.8¢c 9.6bc 9.6¢ 9.6bc 9.6a 9.7¢c 10.6b 200mM 6hr 10.5b 16.2b 9.6¢c 11.6e 13.8b - 9.6c 17.5b
300mM 6hr 6.9¢ 9.7¢c 6.4c 6.5¢ 4.7e 4.6¢c 6.8e 8.0cd 300mM 6Ghr 8.8bc 9.8d 7.6d 12.2d 13.0b 18.5a 6.7d 6.6¢
200mM 12hr 6.7f 7.4d 11.7ab 7.3d 93¢ 7.4b 6.9¢ 7.4d 200mM 12hr 10.3b 16.2b 6.7d 19.3a 14.5ab 6.5a 6.7d 6.6e
300mM 12hr 10.8b 10.8b 10.4ab 10.5b 10.3b 9.6a 10.3b 10.5b 300mM 12hr 15.2a 15.3¢ 10.6b 18.4b 14.5ab - 10.6b 18.5a
200mM 24hr 7.6d 7.8d 6.5¢ 6.6e 8.1d 7.4b 9.1d 8.0cd 200mM 24hr 7.8¢ 8.5e 7.5d 9.2f - - 9.6c 9.4d
300mM 24hr 6.7f 6.7e 13.3a 9.7¢ 9.2¢ 7.4b 9.2d 9.3bc 300mM 24hr 9.3bc 9.6d 6.6d 6.7g 6.5¢ 10.1a 9.6¢ 9.6d

ZMean (n=4) Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.



2T A1 RPREDRIEHTEFRF IR ERE EFRERETHF T 2L HEL
AE L F 107" Stk F 99"
R/BE 15°C 20/30°C 30°C 25/35°C RI2/B A 15°C 20/30°C 30°C 25/35°C
KAFEE * B #* B % L x B KA E x B x B % H % B
CK 52%bc!  58a 45¢d 43¢ 47a 11c 62a 57a CK 43a 47ab 50a 52bc 36b 29¢d 49b 41bc
0.6mM 6hr 592 592 52bc 59b 40a 6¢ 48b 53ab 0.6mM 6hr 47a 40b 38cd 41d 39b 13¢ 64a 59aa
0.8mM 6hr 60a 52a 53bc 53bc 44a 4a 53b 38c 0.8mM 6hr 46a 53a 52a 59b 55a 42a 4lcd 42bc
0.6mM 12hr 43bc 49ab 56b 52bc 38a 19b 27¢ 40bc 0.6mM 12hr 43a 47ab  43abc  4dcd 43b 22d 34d 42bc
0.8mM 12hr 57ab 58a 58b 53be 43a 19 55b 52ab 0.8mM 12hr 47a 5la 45ab 49bed 36b 28cd 47bc 37¢c
0.6mM 24hr 41c 44b 39d 45¢ 45a 43a 50b 40bc 0.6mM 24hr 48a 50a 33cd 55b 56a 40ab 40cd 53a
0.8mM 24hr 60a 58a 78a gla 29b 11c 60a 46abc 0.8mM 24hr 46a sla 28d 79a 42b 33be 520 50ab
mit FEaF'mAaR" AR L WA
E39/:8 B 15°C 20/30°C 30°C 25/35°C RTESB 15°C 20/30°C 30°C 25/35°C
KB * iy * e & s & B KA E x B x B & H & B
CK 48bc 49bc 77a 61ab 47b 32bc 64a 48b CK 92a 85b 93a 55d 23a oc 86ab 25¢
0.6mM 6hr 49bc 49bc 5lbc  56abc 49b 22¢ 67a 49b 0.6mM 6hr 92a 85b 86b 85ab 10b 44b 89a 83¢
0.8mM 6hr 58a 60a 62b 49cd 60a 60a 46cd 65a 0.8mM 6hr 88a 89ab 91ab 90a Tbe 2 80b 8lc
0.6mM 12hr 56ab 42¢d 49¢ 55bc 9% 8d 46¢d 47 0.6mM 12hr 90a 85b 87b 75¢ Ic 492 43¢ 42b
0.8mM 12hr 48bc 46bc 50¢ 46d 47b 34b 40d 42¢ 0.8mM 12hr 92a 92a 91ab 89a 4c 0c 87a 43b
0.6mM 24hr 37d 35d 55bc 58ab 62a 58a 58ab 64a 0.6mM 24hr 9la 65¢ 94a 87a 3c 1c 88a 80a
0.8mM 24hr 44cd 52ab 52bc 63a 40b 35be 51bc 51b 0.8mM 24hr 91a 86b 87b 80bc 2 0c 92a 29¢
ZMean (n=4) Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.
28 1% KPEREDRILH T FHF 7 FERZ KR iE T F T X #(GT50)2 #2358
HAE D FEe107" AE T FEe99"
RIZ/BE 15°C 20/30°C 30°C 25/35°C RIEBE 15°C 20/30°C 30°C 25/35°C
KAFEE * B #* B % H x H KA E x B x B % H % B
CK 152%¢ 1380 1352  134a  13.7a  13.6b  136a  178a CK 159ab  13.8c  136a  135a 1342 133ab 1362  136a
0.6mM 6hr 11.6cd  1l.6bc  8.5¢ 11.5a 1056 10.1c 9.5¢ 11.3b 0.6mM 6hr 124c  11.9d 7.3e 8.5b 6.9¢  1l4bc  7.2¢ 8.5¢
0.8mM 6hr 9.6d 18.1a  10.5bc  11.3a 9.4b 185a  112bc  10.8b 0.8mM 6hr 10.6c  10.8¢  7.8de 8.5b 89¢d  15.2a 7.6¢ 7.6¢
0.6mM 12hr 17.5a 176a  117ab  11.7a  11.7ab  9.6¢c 10.5c  10.4b 0.6mM 12hr 177 1788 9.6bc 9.7b 9.6bc 9.6c 6.6cd 5.5d
0.8mM 12hr 9.4d 93¢ 8.7bc 10.5a 11.2ab 8.4c 10.2¢ 11.2b 0.8mM 12hr 12.4b 10.4e 9.9bc 8.8b 10.0b 9.7c 10.8b 10.9b
0.6mM 24hr 13.7bc  105¢  9.4bc  1l.3a 9.4b 8.6c 10.5c  10.4b 0.6mM 24hr 146b  156b  87cd  10.5b  7.8de  10.5c 5.7d 7.5¢
0.8mM 24hr 107d  107c  10.6bc  124a  10.4b 9.2¢ 12.5b 12.6b 0.8mM 24hr 109c  10.8¢  10.6b  14.0a  103b  102¢ 125 12.6a
R %ﬁ‘éé"ﬁ'"ﬁféé#“ mfE @7:?#“5@1 "
E39/:8 B 15°C 20/30°C 30°C 25/35°C RTESB 15°C 20/30°C 30°C 25/35°C
KB * iy * e & s & B KA E x B x B & H & B
CK 13.6ab  13.6a  13.4a 1332 132b  110ab 136a  13.6a CK 151b  192a 1352 135¢c  19.5a - 1342 13.6b
0.6mM 6hr 11.3bc  11.3b 6.4d 7.1cd 65c  83abc  12.8b 6.8¢ 0.6mM 6hr 11.6d  13.6¢c 7.2¢ 13.7b  102bc  8.1b 7.2¢ 12.1c
0.8mM 6hr 98  10.lbc  6.6d 6.8d 7.9¢ 12.5a 73e 7.5d 0.8mM 6hr 9.7 102 7.4bc  11.8d 1-bc 18.2a 7.7d 20.3a
0.6mM 12hr 13.5ab  15.4a 9.6b 9.6b 17.6a 2.7d 104c  10.4b 0.6mM 12hr 17.5a  17.7b 9.6b 17.5a 4.8¢ 1176 10.3b 1-d
0.8mM 12hr 9.1c 8.7c 83c  82bed  7.9¢ 7.2bc 8.8d 9.5¢ 0.8mM 12hr 9.6e 9.6f 8.6ch 88f  9.9bc - 9.8¢ 10.3d
0.6mM 24hr 15.5a 15.6a 5.7d 8.3bc 6.3¢c 10.3ab 5.8f 5.8f 0.6mM 24hr 13.3¢ 8.8g 8.2¢cb 8.5g 14.3ab - 5.6f 5.5e
0.8mM 24hr 10.5¢  10.5bc  10.5b 9.3b 6.6¢ 57cd 123b  10.8b 0.8mM 24hr 107de  107d 1382 10.9e 4.6¢ 2.8c  12.5ab 124c

ZMean (n=4) Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.



20 JI* BT READREHTERAFTAIREAZ KFEETHFT 2P
SAE 1 §107" oAl A 99"
RIEZGRE 15°C 20/30°C 30°C 25/35°C RIEBE 15°C 20/30°C 30°C 25/35°C
AT R # i * 3 x iy * o BT R #* i * o x iy x o
cK 527y S8a 45a 43¢ 47a 11b 62a 57a cK 43ab  47b 50a 52a 36 292 492 4la
0.59% 6hr 48a 44b 40a 51b 21c 6b 48b 42b 0.59% 6hr 37b 43b 42b 40b 40a 26a 43ab 42a
0.5% 12hr 5la 39 50a 60a 32b 28a 50b 40b 0.59% 12hr 5la 58a 49a S4a 39 35a 40b 53a
0.596 24hr 38a 37b 40a 37c 23c 32a 27c 35D 0.59% 24hr 49a 41b 42b S4a 22b 27a 426 492
i FEaR @R B B
RID/BE 15°C 20/30°C 30°C 25/35°C RI8E 15°C 20/30°C 30°C 25/35°C
£THRae ) B #x o #x iy x H BT R & o #x il #x H # o
CK 48b 49b 77a 6la 47c 32 64a 48b CK 92a 85a 93a ssc 23a oc 86a 25¢
0.59% 6hr 48b 50b 46b 48b 43b 39b e 45b 0.59% 6hr 8sb 88a 75b 70b ab 0c 78b 21c
0.59% 12hr 7la 662 a7b 60a 58a 49a 58ab 64a 0.59 12hr 90a 87a 76b 8la 3b 1b 88a 80a
0.59% 24hr 63a 54b 35¢ 47b 34c 29c  49%c  S6ab 0.59% 24hr 95a 88a 78b 86a 3b 5a 79b 71b
ZMean (n=4) Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.
210 17 S BRSAAAIEH T EH5 A7 FE A2 a2 T Y 3 #(GT50)2 B 48
SHfE L FEHC107" atE L F 99"
0004 15°C 20/30°C 30°C 25/35°C L A00-9:1 15°C 20/30°C 30°C 25/35°C
AT R * L) # o #* 4 * 3 BT R * i ) i3 x iy x 1
cK 1527 1382 1352 13.4b  13.7b 1360 1362  178a K 1592 138a  13.6b  135b 1342 1332 1362  13.6a
0.59 6hr 770 73b 66b 6.6 6.5¢ 65c  10.0ab  8.7be 0.59 6hr 786  74c  65c 654  67b  65b  65b  6.6b
0.5% 12hr 93b  sod 1552  204a 2022 179a  105ab 104D 0.59% 12hr 1292 108b  204a 2042 584 82 57 7.5b
0.596 24hr 66b  67c  65b  67c 6.5¢ 66c  65b  6.6c 0.59% 24hr 676 674  65c  66c 65  67b  65b  66b
Rff FHafagai bt BT L
RIT/B 15°C 20/30°C 30°C 25/35°C RIZLBE 15°C 20/30°C 30°C 25/35°C
£THRaEe x # ) B #x o # o EREA #x o #x H ) H ) g
CK 13.6a 1362  134a  133b 1322 110a 1362  13.6a CK 151a 1922 135b 1350 19.5a - 1342 13.6a
0.5% 6hr s6d  66b  64b  64c  65b  64b  65b  6.6b 0.5% 6hr 85b  66c 65 66c  123b - 66b  67b
0.59% 12hr 59c  69b  13.0a  202a S8  5.7b 58 5.8d 0.5% 12hr 91b 1056 204a  205a 68  80a  56d  55c
0.59% 2dhr 66b 660 65 630  65b  66b  65b 6.5¢ 0.59 24hr 66b  66c 65  66c 65 1352  65c  6.6b

ZMean (n=4) Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.



RSN
o

2 1L AIF BB RBEAILH T EEF AP FRRE EREETHET 2 P

&AE E U107 PR
RHE/BE 15°C 20/30°C 30°C 25/35°C RIEBE 15°C 20/30°C 30°C 25/35°C
H#HBE K * 24 # 5 #* L * 3 HBE K * 4 # 3 # i * i)
CK 52 by 58a 45ab 43b 47a 11c 62a 57a CK 43a 47a 50a 52a 36a 29b 49a 41b
Ghr 53ab 55ab 50a 55a 47a 43a 53a 40b 6hr 39a 43a 45a 42b 41a 4la 42b 48a
12hr 55ab 46b 59a 57a 26b 10c 53a 36b 12hr 36a 39a 44ab 45ab 37a 23¢ 42b 39
24hr 65a 57a 32b 47b 48a 36b 52a 42b 24hr 43a 49a 38b 52a 44a 44a 52a 42ab
SiE FEGFEEGR" SLAE L &
REIRE 15°C 20/30°C 30°C 25/35°C R B 15°C 20/30°C 30°C 25/35°C
#HBEK * i) & i) #* B x s # Bk # iy * iy # B * B
CK 48b 49a 77a 6la 47b 32b 64a 48a CK 92a 85a 93a 55¢ 23a Oc 86a 25d
6hr 48b 53a 47b 47bc 48b 48a 55ab 50a Ghr 86b 84a 83b 67b 2c 12a 89a 51b
12hr 56a 52a 50b 55ab 46b 25b 51b 45a 12hr 86b 50b 89ab 72b lc Oc 68a 35¢
24hr 58a 58a 45b 41c 60a 46a 56ab 48a 24hr 93a 9la 90ab 89a 9b 7b 85a 87a

ZMean (n=4)'Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.

212, I GRERBEARSEHTFRT AP RPERE RRHFEETHF YT X f(GT50)2 §2 5

mFE L FEe107" g FEC99"

RIE/SEE 15°C 20/30°C 30°C 25/35°C RIR/BE 15°C 20/30°C 30°C 25/35°C

#BE K # B # B #* e # 3 #BE K * B # H % L % H
CK 15.2 xay 13.8b 13.5b 13.4d 13.7a 13.6a 13.6a 17.8a CK 15.9ab 13.8¢ 13.6¢ 13.5¢ 13.4a 13.3a 13.a 13.6a
6hr 14.2a 14.4b 14.5ab 14.6¢ 7.6¢c 7.6b 7.5¢ 1.7c 6hr 14.6b 14.7b 14.4b 14.5b 7.6¢ 7.5¢ 7.5¢ 7.5¢
12hr 6.9b 78¢ 1752 17.6a 6.6d 8.3b 6.8d 6.8¢ 12hr 14c  11.5d  17.5a 17.6a 6.5d 6.6d 6.7d 6.6d
24hr 162a  164a  146ab  167b  12.5b 1252 12.8b  14.5b 24hr 16.6a  16.6a 1254  12.7d  12.5b 1250 12.6b  12.6b

i FEaF"wEaR" sedE L A"

B/ 15°C 20/30°C 30°C 25/35°C RIEE 15°C 20/30°C 30°C 25/35°C

# BB R & B x L & o * w #EBFAR % H % s % H * B
CK 13.6a 13.6a 13.4ab 13.3d 13.2a 11.0a 13.6a 13.6a CK 15.1a 19.2a 13.5¢ 13.5¢ 19.5a - 13.4a 13.6a
6hr 7.8¢c 7.8¢ 11.0 14.5¢ 7.5¢ 7.5b 7.6¢ 7.5¢ 6hr 14.4a 14.9¢ 14.5bc 14.8b 17.6ab 7.6b 7.6b 7.7¢c
12hr 6.7d 6.7d 15.7ab 17.3a 6.6d 6.6b 6.6d 6.6d 12hr 7.9b 11.2d 17.6a 20.5a - - 7.8b 6.5d
24hr 12.8b 12.8b 12.5ab 16.4b 12.5b 12.5a 12.6b 12.6b 24hr 16.5a 16.6b 15.4b 20.4a 12.5b 12.5a 12.7a 12.6b

ZMean (n=4)-Y Means within the same letters in a column are not significantly different by Duncan's test at 5%.
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