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Table 1 Analysis on germination index of five kinds of flower seeds in different concentrations
of deicing salt soaking treatment
BE W % 7% /% Germination rate %K ZEH/ Y% Germinative force K 4540 Germination index
Ao mog HHE RN ARE WA BO¥ THE WNE ERG WL BOE THE W ERE AWk
1A 0 40 be 73 b 68 ¢ 30 ab 45 b 33 b 63 ¢ 43 ¢ 23 a 53¢ 8.1bc 33.3c¢ 41.2c¢ 13.3ab 21.6b
6 53 ¢ 76 be 50 b 27 ab 28 a 20 b 50 be 20 a 23 a 20ab  7.2b 25.8b 24.6a 9.3a 9.0a
8 43 be 80 ¢ 48 b 20 a 25 a 17 b 60 ¢ 28 ab 17 a 20ab  7.7bec 26.6b 23.5a 7.2a T7.3a
10 30 b 67 ab 52 b 33b 23 a 15ab 40 ab 33b 15 a 10 a 6.7b 20.3a 28.4b 10.4ab 5.2a
12 28 b 73b 53 b 38 b 28 a 23 b 50 be 20 a 15 a 15 a 4.4b 23.2ab 27.1b 12.2ab 5.6a
14 30 b 70 b 53 b 33b 25a 13 a 37 a 33 b 23 a 17ab  5.7b 18.8a 27.0b 13.1ab 8.7 a
16 8a 63 a 33 a 23 ab 20 a 9a 53 be 23 a 18 a 17ab  0.7a 20.7ab 25.6ab 8.8a 6.8a
I %4 0 40 a 73 ¢ 68 ¢ 30 a 15 b 33b 63 ¢ 43 ¢ 23 ab 53 ¢ 8.1a 33.3c¢ 41.2c¢ 13.3ab 21.6¢
6 57 ¢ 74 ¢ 58 b 43 b 50 be 40 ¢ 57 b 45 ¢ 30 b 28b  10.6ab 27.0b 22.1b 15.5a 15.2b
8 63 d 70 ¢ 43 a 43 b 39 ab 27 b 43 a 41 be 37 be 18 a 8.8a 22.6a 15.7a 17.7b 11.6 ab
10 53 be 67 b 57 b 18 b 48 be 18 a 53 b 40 be 28 ab 30 b 8.4a 21.5a 23.4b 16.6ab 13.9b
12 57 ¢ 64 b 50 ab 45 b 55 ¢ 30 b 60 ¢ 42 be 30 b 25ab 13.2ab 19.2a 15.1a 18.2b 147D
14 57 ¢ 65 b 50 ab 48 b 40 ab 25 ab 57b 33 a 25ab  27ab  9.8ab 24.9ab 15.4a 14.9ab 10.2a
16 50 ab 60 a 40 a 23 a 43 b 23 a 60 ¢ 30 a 15 a 23 a 8.8a 23.3a 12.1a 8.2a 9.2a
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Table 2 Effects of type [ deicing salts on stem and leaf development index of seeding
1A W B/ % %K /mm 21 /mm i K /mm W A/ me EIEE e
Varieties Concentration Length of stem Diameter of stem Length of leaf Width of leaf Fresh weight of - Dry weight of
stem and leaf stem and leaf
N CK 9.240.45b  1.1140.20a  3.70£0.77a  3.14+1.29b  20.99+6.15 b 28.6 b
6 6.340.34a  0.90+0.10b  3.4240.63a 2.7140.69 ab 14.89%+5.75 a 31.8 be
8 6.840.28a  0.9940.17 ab  3.73+£0.49a 2.9140.76 ab 15.11+6.83 a 32.2 be
10 7.0£0.30a  1.03£0.19 ab  3.53+0.83a 2.7240.84 ab 16.2447.48 ab 27.3 b
12 5.7420.22a  0.9640.16 b  2.9840.92a 2.4740.65 ab 12.96+4.17 a 23.4 b
14 5.240.23a 1.0340.19ab  3.4340.73a  2.6340.60ab 12.8244.70 a 25.8 b
16 4.8420.18a  1.0240.19ab  3.214£0.24a  2.1340.42b 11.53+4.20 a 8.3 a
H O CK 35.541.16 b 0.9540.16a  5.274£0.94b  3.60420.84a 38.71+£10.38a 66.1 ab
6 25.641.59a  0.9740.12a 4.86+0.82ab 3.3940.80a 40.76E7.89 a 64.8 a
8 26.6+1.81 ab  0.9340.14a 5.2240.77 ab  3.5240.75a 43.3245.49 a 70.2 b
10 24.441.47a  0.9740.12a 4.6940.83ab 3.41£0.71a 38.35£10.18 a 69.8 b
12 25.641.60a  0.9740.06a 4.47£1.20a  3.124£0.78a  35.969.09 a 75.7 b
14 28.14+1.72ab  0.8740.10a  6.2340.75¢  3.3840.85a 34.9947.82a 63.6 a
16 26.941.72ab  0.9240.08a  6.20+1.12 ¢  3.174£0.92a 37.23%+8.10 a 61.5 a
% 7 3 CK 67.441.55b  0.7540.07 be  5.34£1.99b  1.7040.28 ¢ 39.17£6.51 b 56.8 b
6 31.042.15a  0.7940.11 ¢ 6.33%=1.54a 1.5240.26 be 22.8246.27 a 40.9 a
8 23.8+1.87 a 0.80+0.08 ¢ 6.28+1.42a 1.54+0.28 be 21.39+5.28 a 33.9 a
10 23.342.11a 0.724£0.12 abc  6.11£1.71a  1.4340.40 ab  20.10£7.77 a 42.0 a
12 26.842.87a  0.6640.14a  6.2241.79a  1.2840.23a 24.669.11 a 46.0 a
14 26.942.55a  0.7940.14 ¢  6.33%=1.31a 1.3640.33 ab 23.51+£9.31 a 43.0 a
16 23.841.99a 0.70£0.06 ab  5.8941.87a 1.4940.28 abc 19.026.90 a 36.9 a
IR CK 31.941.32a  0.66+£0.09ab  3.99£0.78a 1.6620.39 ab 19.11£6.73 a 7.0b
6 29.64+1.58a 0.62£0.04ab 4.11£0.77a 1.94%40.23 be  17.73£5.64 a 4.5 a
8 23.040.98a  0.68+£0.11b  4.10£0.47a  2.03£0.41 ¢ 15.88%7.50 a 4.2 a
10 23.341.04a  0.5640.10a  3.6540.69a 1.6440.38b 14.67+54.92 a 8.7h
12 23.541.56a  0.584:0.09a  3.71£0.86a 1.7740.31 bec 15.55+5.52 a 11.3 ¢
14 28.84:0.93a  0.5840.09a  3.504£0.72a 1.6540.19 ab 15.2346.22 a 7.5 ab
16 22.741.22a  0.5640.12a  3.3841.07a 1.514£0.41a 14.24+6.38 a 7.0 ab
JNT B CK 37.941.73 ¢ 0.67£0.29a  6.2841.26 ¢  2.84+0.68 ¢ 59.30410.65 ¢ 57.8 b
6 22.041.67b  0.9540.09b  6.2841.22 bc 2.814£0.78 be 36.65=7.30 b 44,5 a
8 13.24:0.77 ab  0.9240.19 b 6.8141.28 abc 2.2540.53 be 32.1646.50 ab 35.1a
10 9.04£0.61a 0.8240.14ab 5.61+£1.04a 2.0440.40a 18.74+7.64 a 35.0 a
12 9.74+1.21a  0.96+0.34 b 5.14+1.21 abc 2.2640.45 ab 17.43+7.44 a 43.3 a
14 16.2+1.35ab  0.9840.19b  4.4440.92a  2.1140.68 a 24.95411.10 ab 33.0 a
16 14.6+1.02ab  0.9140.24 b 4.47+1.79 ab  2.1840.52 a 24.23411.23 ab 43.9 a
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Table 3 Effects of type [ deicing salts on stem and leaf development index of seeding
A e/ % Sf/mm EMUmm WR/mm o Wg/mm o o/me SR me
Varieties Concentration Length of stem Diameter of stem Length of leaf Width of leaf Fresh weight of - Dry weight of
stem and leaf stem and leaf
A CK 9.240.50a  1.1140.20b  3.7040.77 ab 3.14%+1.29 ab 20.9946.15 b 28.6 a
6 9.240.42a  1.04+0.15b  4.054+1.15b 2.9240.95ab 21.1949.88 b 41.3 ¢
8 8.0£0.41a  0.890.14a 3.8040.93 ab 2.7741.00 ab 18.6710.38 ab 43.4 ¢
10 6.440.19a  1.04+0.11b 3.5640.59 ab 2.8740.76 b 15.7744.57 ab 32.6 a
12 8.240.45a  1.1240.08 b  3.9340.98 b  3.2140.87 b  18.4349.25 ab 45.3 ¢
14 8.840.59a  1.03+0.08 b 3.7340.83 ab 2.9440.77 ab 17.4048.01 ab 45.5 ¢
16 6.740.34a  0.9240.22a 3.144+0.80a 2.36+0.94a 14.524+9.20 a 36.5 ab
H o CK 35.541.50b  0.954+0.16a 5.2740.94a 3.60+0.84 ab 38.71+10.35 a 56.8 ¢
6 25.64+1.31ab  0.9540.13a  5.1940.95a 3.7940.74 ab 39.5447.22 a 44.8 b
8 28.6+1.86ab  1.0040.14a  5.46%+1.29a 4.13%=1.18 be 45.61410.78 a 40.5 b
10 21.341.36a  0.9240.12a  5.18%E1.16a 3.462+1.17 ab 40.23+£9.38 a 37.4a
12 22.741.98a  0.9540.12a  4.9840.95a  3.334£0.62a 34.11£7.74a 34.9 a
14 36.041.93b  0.9140.14a  6.40=1.00b  4.1840.73 ¢  39.7849.75 a 33.4a
16 30.841.99ab  0.94%0.13a  4.6320.96a 3.71%0.72 ab 36.74%8.75 a 30.5 a
% 07 23 CK 67.441.55 ¢  0.7540.07 ab 5.34%1.99a 1.7040.28 b  39.174£6.51 ¢ 56.8 ¢
6 40.442.45b  0.7620.08 ab  7.05%=1.85b  1.674:0.41 b 32.01%8.12 bc 44.8 b
8 3.984£2.55b  0.7640.09 ab 6.5742.31 ab 1.5870.46 ab 31.30410. 95 bc 40.5 b
10 37.442.62ab 0.7940.12b 5.86+2.13 ab 1.5740.46 ab 23.80+7.62 ab 37.4 a
12 20.4+2.34a 0.7540.08ab 5.50%£1.57a 1.3540.24a 19.30£8.09 a 34.9 a
14 41.543.04 b  0.7540.09 ab 6.20+1.61 ab 1.534-0.20 ab 25.566.21 ab 33.4a
16 39.142.40 b  0.7140.08a  5.30+2.05a 1.4540.31 ab 21.84746.23 ab 30.5 a
VI 27%] CK 31.941.32bc  0.66+0.09a 3.99+0.78a 1.66+0.39 ab 19.1146.73 a 7.0b
6 26.441.47 abc  0.64+0.09a 3.7340.97a 1.8340.41b 18.9247.84 a 9.4 b
8 33.841.05¢  0.67420.11a  4.134£0.49a 1.8540.32b 15.88+7.50 a 8.6b
10 24.741.03 abc  0.63+0.15a  3.9140.99a 1.704£0.35 ab 16.5645.76 a 15.0 ¢
12 30.3%1.40 be  0.6140.09a  3.98+0.85a 1.60%0.32 ab 17.06%7.00 a 13.4 ¢
14 20.741.08 ab  0.604£0.09a 3.7841.02a  1.5340.30a 14.2344.94 a 15.2 ¢
16 17.241.07a  0.64+0.05a 3.67+0.71a 1.574+0.29 ab 13.18+4.73 a 6.0a
SN A CK 37.9%1.73 ¢ 0.67£0.29a 6.28%1.26 bc 2.84%0.68 b 59.30%10.65 ¢ 57.8 b
6 22.741.68ab  0.9540.20 ¢  7.3241.32d  2.7840.65b 42.94-10. 48 be 72.9 ¢
8 26.441.61 be  0.9240.15¢  7.0441.09 cd 2.5440.60 ab 45.659. 68 be 57.9 b
10 30.5%1.91 be  0.8924:0.21 be  6.4120.90 be  2.6320.48 ab 44,2013, 35 be 69.1 ¢
12 15.1+1.15a 0.73%£0.18 ac  6.12=1.04 ab  2.0940.65b  26.31%8.07 a 74.8 ¢
14 27.542.18 bc  0.7940.21 bc  5.34%0.95a  2.1541.04 a 37.12411.79 ab 41.1a
16 20.741.42 ab  0.7840.20 be  6.29740.65 bc  2.294-0.90 ab 31.62413.80 ab 48.0 a
2.3 TR EE MO T X 4 B AR M0 B0 12% ~ 16% BF 55 CK I % F B, 40 51 F
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Table 4 Effects of deicing salts on root development index of seeding
T g
LR W/ % #8¢ T /mg T H/mg # 8¢ T /mg T /mg
Varieties Concentration fRAC/mm Root fresh Root dry fRAC/mm Root fresh Root dry
Root length Root length

weight weight weight weight

LA CK 9.040.90a  3.93%1.19 a 4.8 b 9.040.86a  3.93%1.19 a 4.8b
6 14.1%1.41 ab  3.63%1.39 a 6.4 c 16.420.76 be  4.27%1.75a 7.2 ¢

8 18.4%1.84 ab  4.7941.66 a 5.4 be 17.721.10 be  4.64%1.77 a 5.8 be

10 18.242.22 b 3.71%1.41 a 4.5 b 14.8%0.54 abc  3.78%1.26 a 5.6 be

12 11.6%£1.60 ab  3.88220.90 a 2.6a 21.4%1.17 ¢  4.25%1.45a 8.5 ¢

14 16.1%1.61 ab  3.6641.65 a 3.7 ab 16.7240.94 be  3.4441.18 a 6.4 c

16 12.0%1.20 ab  2.7541.10 a 1.8 a 11.9240.57 ab  3.49%0.8 a 4.4 ab

HHE CK 40.641.16 a 13.39%1.42 b 16.8 ¢ 40.6241.16 be  13.39%1.42 b 16.8 ¢
6 33.4%1.59a 10.64241.52 ab 10.5 b 31.8%£1.79ab  9.71%1.30a 13.0 b

8 39.1%£1.81a 11.4142.04 ab 12. 6b 38.5%1.73b 10.58%1.03 a 8.9 ab

10 31.3%1.47 a  10.42742.06 ab 9.8 ab 29.1%£1.80 ab  9.99%1.42 a 9.9 ab

12 30.7%£1.60a  8.0041.46 a 9.6 ab 25.9%1.56a 8.0441.06a 8.5a

14 29.0£1.72a  8.9142.36a 6.3 a 26.4%1.95a 9.71%+1.58 a 9.6 ab

16 28.8%1.72a  9.6642.09 a 6.3 a 31.2%1.50 ab  9.4242.03 a 9.5 ab

] CK 33.0£1.61b 4.93%2.14a 6.9 b 33.0£1.61c 4.93%2.14a 6.9 b
6 21.1+1.12ab  3.8741.44 a 3.0 a 23.4+1.28 ab  4.0741.53 a 4.8 a

8 23.941.14 ab  3.13%0.66 a 2.0a 17.14£1.01a  4.55+2. 14 a 3.3a

10 17.0%1.13a  3.2241.50 a 1.9a 18.0%1.38a  4.05%2.33 a 2.6 a

12 28.0%£1.65ab 3.55%1.15a 1.6a 13.241.26a  2.82%1.51 a 1.6a

14 20.6+£1.73ab  3.75%1.55a 3.4a 23.940.99 ab  3.17£1.03 a 2.7a

16 15.8%1.20a  3.50%2.25a 1.8 a 17.140.64a  3.28%1.47 a 2.8 a

I3 CK 28.241.34a 2.84740.82a 1.9b 28.241.34a 2.84740.82a 1.9 ab
6 29.8%1.13a  2.9040.93 a 1.6 b 34.3%1.37a  3.31%1.05a 2.2 ab

8 33.6%=1.49a  3.6621.91a 1.3 ab 33.5420.71a  2.9340.67 a 2.1 ab

10 32.941.88a  3.2241.28 a 1.0 ab 35.6=1.94a 3.4241.43 a 1.3a

12 25.9%1.21a  3.40%1.23 a 1.5 b 29.8%1.76a  3.5441.32a 1.8 ab

14 21.0%£1.10a  2.853-0.84 a 0.9a 21.6%£1.20a  2.324:0.99 a 2.1 ab

16 24.0%1.48a  2.5340.81 a 0.5a 23.9%1.49a  2.5641.09 a 0.8a

JNTI A CK 27.4%£1.07b  6.17£2.79 b 3.2 b 27.4%1.07a  6.1742.79 a 3.2a
6 29.6%£0.59 b 4.18241.70 ab 3.5 b 23.1%£1.69a 5.0442.52 a 4.1b

8 20.440.82 ab  2.83%1.52 b 2.2 ab 19.640.99a  4.99%3.11 a 4.6 b

10 13.240.64a  2.92%2.50 b 1.5a 24.3%1.36a 5.1942.56 a 5.7 ¢

12 13.8+0.89a  2.17%2.37b 1.3a 17.4+0.96 a  4.39+1.83 a 4.4b

14 19.9+1.66 ab  3.67+2.15 ab 1.6a 21.7+1.22a  4.974+2.73 a 3.7 ab

16 15.140.99 a  4.16%1.27 ab 2.0a 19.340.91a  6.61%£1.58 a 3.2a
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Effect of Deicing Salts on Seedling Growth of Five

Kinds of Asteraceae

HE Jia-guo,LU Shu-ling, TIAN Xin,JIANG Hua

(College of Life Sciences, Liaoning normal university, Dalian, Liaoning 116081)

Abstract; The effect of sodium chloride and calcium chloride deicing salts on germination and growth of the As-

teraceae seeds of Zinnia elegans . Cosmos bipinnata » Rudbeckia hirta , Chrysanthemum carinatum and Dahlia

pinnate were studied. The results showed that the effect of different deicing salts on same seed was different

and the effect of same deicing salts on different seeds was different. Hight concentrations of deicing salts inhibi-

ted the seedling growth, but low concentrations could promoted it. Toxic effects of calcium chloride deicing

salts were smaller than sodium chloride deicing salts on seedling. Zinnia elegans showed strong tolerance on

two types of deicing salts. Chrysanthemum carinatum have a little tolerance. Cosmos bipinnata showed weak

tolerance.

Keywords: deicing salts stress; Asteraceae;seedling growth
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