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Table 1) Analysis of variance of germination indices and photosynthesis pigmants contents in rapeseed affected by ultrasonic wave treatments

mean of squares
f i ] .

Sou.rc? ° df germination germination germination  seedling seedling Welg-ht leng-t h relative chlorophyll  chlorophyll total carotenoids

variation . dry seedling seedling water chlorophyll
percentage time rate length . i i a content b content content
weight index index content content

gtvrv";sc'mc wave 115.7%% 3.21%% 2.25%% 026%*  314.6ns 2719584 ** 12429ns  0.010ns  359.7% 64.5%% 728 3w 2.30ns
dP::";:: ?PfIt)l;e 2 45.1ns 0.05%* 1.38%* 0.004ns 411.1* 2825042 ** 331.5ns 4.84%* 305.3** 105.8** 753.7%* 122.9ns
Time (T) 4 68.7ns 0.04 %% 1.00** 0.163ns 145.1ns 1050875%%* 1504.5ns 1.35%* 145.4%%* 33.2%%* 312.1%* 148.3ns
UW x PD 2 38.5ns 0.11%* 0.04ns 0.108ns 100.5ns 966672ns 1862.4ns 3.25%%* 272.5%% 56.4%%* 576.7%* 208.9ns
UWxT 4 114.3%** 0.02%* 0.125ns 0.203* 208.3ns 1849506* 3092.6%* 0.60%* 156.1%%* 88.8#* 477.3%%* 90.1ns
PDxT 8 45.8ns 0.01%* 0.276ns 0.194ns 102.8ns 668135ns 1276.1ns 1.07** 217.3%%* 56.8%* 485.4%* 52.7ns
UWxPDxT 8 95.8%* 0.03%* 1.245 ** 0.182ns 249.8ns  1504506%** 2111.0%* 1.14%* 110.8%* 33.7%* 261.8%* 171.0ns
Error 30 32.4 0.001 0.204 0.079 146.7 101899 1036.6 0.07 0.30 0.11 0.52 102.1
CV (%) - 12.90 3.11 14.85 13.87 25.24 21.49 19.41 16.30 4.98 2.66 3.02 21.49

* and ** significant at 5 and 1% probability level, and non-significant, respectively s oma e 9 1) 50 Jloz| C}d—.u 03 4l e 3 5 4 ns gREK

A
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Table 2) The effects of intensity, time, power of ultrasonic wave on germination indices and photosynthetic pigmants of rapeseed seedling

Ultrasonic wave POW?I' of the Time (min) Germination Germination visgi;-dil::lgex ?eedling vigor Chlorophyll a Chlorl()) phyll Carotenoids
(kHz) device (W) percentage(%) rate (seed/day) ) index (length) (ng/g FW) (ng/g FW) (ng/g FW)
2 61.6 bc 3.60 abc 166.8 ¢ 3542 ab 15.4 fg 20.7d 227 cf
4 73.3 ab 422a 205.9 ab 4147 ab 47u 1.6p 1.02 Im
100 6 68.3 ab 353ad 208.5 ab 4144 ab 12.0 kl 11.8f 0250
8 66.6 ab 3.07 b.f 204.0 ab 2807 bc 10.6 m 4.3mno 1.98 d.i
20 66.6 ab 297 b.f 191.7abc 3362 ab 14.7 gh 105¢g 1.25j.m
2 70.0 ab 353 ad 181.0 be 2987 abc 9.5 opq 3.9no 1.97 d.i
4 56.6 be 2.55c.f 168.9 be 3241 ab 24.8b 34.9a 401 a
40 80 6 68.3 ab 2.63b.f 249.6 a 3186 ab 8.9 qr 4.2mno 148 ¢l
8 63.3 bc 3.09 b.f 195.6 ab 2875 be 263 a 349a 295b
20 73.3 ab 3.17b.f 231.0a 4209 ab 224¢ 29.4b 2.8 bc
2 75.0a 3.73 ab 2333 a 3890 ab 8.0s 4.2 mo 1.35 i-m
4 68.3 ab 3.16 b.f 194.0 ab 3464 ab 14.4 hi 11.7f 0.73 m-o
60 6 68.3 ab 3.74 ab 212.8 ab 4025 ab 10.3 mn 82h 091 I-n
8 65.0abc 2.64 b.f 2194 a 2558 be 157 f 142e 0.31 no
20 63.3 be 2.83 b.f 1653 ¢ 2831 be 11.61 7.3 hi 1.38 i.m
2 75.0a 3.56 ad 2525a 4778 a 20.5d 24.1¢ 1.46 h.k
4 65.0abc 343 ad 213.0 ab 3853 ab 155f 20.7d 2.13d.g
100 6 70.0 ab 326ae 220.5a 4060 ab 6.5t 310 0.99 Im
8 71.6 ab 2.98 b.f 2395a 3666 ab 10.3 mn 5.7 jkl 1.72 £
20 56.6 bc 2.63 b.f 163.1¢ 2031 ¢ 9.3 pq 4.3mno 1.70 gk
2 70.0 ab 3.01 b.f 236.6 a 3059 ab 13.8j 6.61j 2.59 bed
4 65.0abc 291 b.f 221.6a 2545 be 18.3e 20.2d 1.05 klm
59 80 6 55.0 be 2.27 ef 1559 ¢ 2240 ¢ 1141 7.5 hi 0.911Imn
8 65.0abc 2.49 def 166.0 ¢ 3586 ab 10.2mno 5.3klm 1.71 1]
20 58.3 bc 2.48 def 182.8 be 1976 ¢ 9.7 nop 370 3.0b
2 63.3 be 337 ae 180.4 be 2972 abc 1141 5.0lmn 2.04 d.h
4 71.6 ab 2.81 b.f 221.5a 3018 ab 125k 95¢g 0.80mno
60 6 533¢ 224 f 173.8 be 2080 ¢ 13.5] 6.4 ijk 241b.e
8 68.3 ab 273 b.f 240.7 a 2675 be 69t 310 1.51 gl
20 60.0 bc 2.45 def 162.0 ¢ 2340 be 8.2rs 310 1.89¢j

Al e STl RISl bl 10 Jl»;;-!c\a.ﬂ): Sla e M 3 gz pde 0dad LS Ot a3 i by >

Similar letters in each column shows non-significant difference according to Duncan test at 5% level
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Table 3) Correlation among germination indices and photosynthetic pigmants of rapeseed affected by ultrasonic wave treatments

1 2 3 4 5 6 7 8 9 10
2 0.7
3 0.41% 0.52 %
4 0.21 0.04 0.31
5 0.75%* 0.40* 0.14 0.80%*
6 0.69** 0.67** 0.94%* 0.01 0.49%*
7 0.30 0.06 0.09 0.04 0.06 -0.13
8 0.19 0.27 0.25 0.23 0.29 -0.10 0.08
9 0.07 0.11 0.32 0.16 0.18 -0.20 0.25 0.98%*
10 0.16 0.02 0.21 0.11 0.31 -0.21 0.09 0.99%* 0.95%*
11 0.06 0.01 0.13 0.02 0.14 -0.23 0.13 0.43%* 0.44* 0.41*

1: germination percentage; 2: germination rate; 3: seedling length; 4: seedling dry weight; 5: seedling vigor index (weight); 6: seedling vigor
index (length); 7: relative water content; 8: total chlorophyll; 9: chlorophyll a; 10: chlorophyll b; 11: carotenoids

** and *: significant in 1 and 5% probability level
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Abstract Seed priming using biophysical methods including ultrasonic
wave causes changes in germination and some physiological traits of
seedling. Accordingly, in order to investigate the effect of intensity and
duration of ultrasonic wave on germination of rapeseed cv. Modena, an
experiment as factorial was conducted based on a completely randomized
design with three replications in Laboratory condition. Experimental factors
consisted of power 60, 80, and 100 W and two ultrasonic waves 40 and 59
kHz at duration of 2, 4, 6, 8, and 20 minutes. The triple interaction of power
x irradiation intensity x irradiation time was significant on germination
indices including percentage and rate of germination, seedling vigor index of
length and weight and seedling traits including chlorophyll a, b and total, and
carotenoid content. Germination percentage using 40 and 59 kHz ultrasound
waves at 100 W for 2 minutes was increased by 17.8%. The seedling vigor
index of length and weight were improved using 59 kHz ultrasonic power
with 100 W, and compared to control treatment had increasing 33.8 and
25.8%, respectively. In the application of 40 kHz ultrasound power with 80
W in 8 minutes, total chlorophyll, chlorophyll a, and chlorophyll b content
than control treatment was 61.26, 26.3, and 34.9 ug/g FW, respectively.
Based on the present research, seed pre-treatment of 40 and 59 kHz
ultrasound waves with 100 watts can be recommended to improve seed
germination indices and increase photosynthetic pigments contents.
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