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Table 1- Analysis variance of the effect of intensity and duration of electromagnetic field
on germination of thyme seeds

MS Sla o (ko
T x . . Wlgar Sl ale ) Job .
et @l solsT &) dlgx oy &) dlg s " :’ az adlw Job

SOV. of Germination Germination Germ‘is’ n)aIi on Radile Plumule
ercentage eed length

P a ¥ mean length ot

Time ykj 2 291.17* 0.0002ns 10.48** 2.11* 0.67ns
Elmtsrofﬁazﬁe:;?;dd 2 42.18™ 0.0071** 0.48™ 5.45*%* 11.80**
f“"‘*;‘;:"\’/l‘“ x ol 4 299.37+* 0.0014** 2.87%* 2.03* 9.44++

Error s 18 65.74 0.0002 0.58 0.53 0.62

Ol i 6 CV.% - 9.06 9.73 12.66 111 10.27

Ao, ) 50 Jleal mhaw 1o o g lo cime pas i 5 4y i g % NS
ns, * and **: Non-significant and significant at 5% and 1% levels of probability, respectively

=Y Jgus axlol
Table 1- Continued
MS Slaspo (Sl
s gl 2 SES 39 SS9 SS9 plail S 39 el s
SOV. Ol Az ad, az als azals <l “’Emce’
of Radicledry Plumule dry Seedling dry Seedling Percent
weight weight weight characteristics
Time yb; 2 527.98** 756.21** 118.35* 0.10** 0.04™
ablize "’_“'\*_“ 2 113.44** 211.2** 1093.02** 0.004" 0.57"
Electromagnetic field
M“’;‘;:kﬂ“ X ok 4 48.82* 75.12¢ 91.36* 0.02* 1.01**
Error tas 18 15.67 20.11 20.69 0.005 0.17
Olyis oo CV.% - 10.28 13.14 6.92 12.66 17.73

Aoy ) 50 Jliol mhav (o s sl pae pas ol 4 i 5 % NS
ns, * and **: Non-significant and significant at 5% and 1% levels of probability, respectively

gl yd (il gl Elsal loj S g ad Bl il )l 4525 - ¥ Jgue
Table 2- Analysis of variance of intensity and duration of ultrasound waves on
germination of thyme seeds

MS Olry po (uSileo
Sl
5 Ao a0 &) ailg> wo o =5 43‘5? [r—gow) Q—«S-v| - J’Jj J’wa
’;’6‘3 @31 Germination Germination e 4% Ao i
0. V. df percentage speed Germination Il?adlclhe F}Iumurlle
mean engt engt
Time ob; 2 203.44%* 0.0012%* 0.99* 1.18%* 0.003®
@yl glyel 2 720.44%* 0.0035%* 3.20%* 2.60%* 3.66%*
Ultrasonic waves
“”"’TC’X"G' x ol 4 142,20 0.0006%* 0.98** 0.72* 1.63%*
Error (s 18 17.63 0.00009 0.09 0.19 0.19
Oy 5 CN Yo 504 8.32 7.63 6.53 6.29

ns, * and **: Non-significant and significant at 5% and 1% levels of probability, respectively
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Table 2- Continued

MS Olay yo (uSSleo
oy SES0 S0 S 039 S 039 oy
8 o REEERE 2y az als azals o2 el bl
SO.V. sdf) Radicledry  Plumule  Seedling dry Seedling Essence
weight dry weight weight characteristics Percent
Time ;b 2 25.22* 90.84** 204.54** 0.009™ 0.021™
w3l glgel 2 11633  15864** 544,03 0.07" 0.05™
Ultrasonic waves
"""”Ti"a' xoly 4 10.35¢ 27.68* 50.90* 0.1% 0.11*
Error s 18 5.05 8.93 15.57 0.03 0.03
CV %6 Ol sk oy 8.68 6.44 859 1171 10.12

aoy0 ) 50 Jlisl maw (o o s lo dxe pas oS 5 4y s g 5 NS
ns, * and **: Non-significant and significant at 5% and 1% levels of probability, respectively

sl 5 (Sl (pmblieg 2SI lae ey Do 5 Dol BT 5 Sile dlie - ¥ Ju
Table 3- Mean comparison of the effect of intensity and duration of electromagnetic field

on germination of thyme seeds

. oy . . & —di
""\::M | ol Sidiler doys  Hjailem s pus "L“’.."f’f‘l*" ;:‘J’b azaile Job
Eslect%&rom az:])r'l; . (430 Germination Germination G a‘f’ nii?ét:on Redicle Plumule
field Time  percentage speed mean length cmy S9N €™
5 82.33bc 0.17ab 4.98d 6.17bc 5.62a
5mil Teda 15 93.33ab 0.17ab 5.45cd 6.76bc 8.95ab
30 96ab 0.14cd 8.23a 7.08b 7.59bcd
5 87.33abc 0.18a 5.65bcd 6.36bc 7.96a
50 mil Teda 15 97.66a 0.20a 4.84d 8.70a 9.67a
30 95.11ab 0.20a 6.84b 6.61bc 9.86a
5 95.44ab 0.14cd 6.80b 5.65c 5.67e
100 mil Teda 15 85.51abc 0.15bc 4.89d 7.20b 7.57cd
30 73.66C 0.12d 6.57bc 5.72c 6.34de

A 10 Jloix mhas lo gxe BT 03B alie Bgy> sl (il
The means which same letters in column are not statistically significant at the probability level of 0.05.
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Table 3- Continued

e o " S (359 S 339 e ‘
onnaboliiog S| %) azada, s il azals Slep el ilel oo
Electromagnetic (Ti mg Radicle dry Plumule dry Seevsgré%tdry ch(g.);ﬁtr y Eﬁneﬁte
field weight (ng) weight (mg)
(mg) @
5 33.7b 39.82bc 73.56hc 0.48d 1.82c
5 mil Teda 15 26.9c 48.34a 75.23bc 0.54cd 2.50bc
30 23.1bc 49.80a 68.38c 0.48d 3.44a
5 41.5a 37.89hcd 81.89%ab 0.56bcd 2.68b
50 mil Tesla 15 32.1bc 44.75ab 86.21a 0.82a 2.30bc
30 37.5ab 49.80a 72.27c 0.68b 2.10bc
5 29.4bc 28.80e 57.77d 0.68b 2.19bc
100 mil Teda 15 27.3c 31.74de 58.88d 0.65bc 2.26bc
30 30.3bc 28.10e 58.40d 0.49d 1.18c

it 10 Jlaxsl phaw jlo gixe BN a3l alie g, sl ks Sils
The means which same |etters in column are not statistically significant at the probability level of 0.05.
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Table 4- Mean comparison of the effect of ultrasound waves and duration on germination

of thyme seeds
© h: o ol Sidilez sy Sidlem g “"‘& i et azails Job
"‘Ul"t ”'dﬁ (aids) Germination Germination o &I ;;’ Rz;diclné Plumule
rasoun . ermination
ercentage eed lengthccmy
Waves time p g Sy mean length ccm)
4 76.71d 0.15e 6.28a 6.06¢f 6.08d
20 kHz 8 77.25cd 0.16e 6.25a 5.76f 6.50cd
16 72.52d 0.17e 5.86ab 6.49c-f 6.50cd
4 77cd 0.17de 5.86ab 6.16def 6.89bc
40 kHz 8 81.66bcd 0.18cd 5.55bc 7.48ab 8.21a
16 97.33a 0.21a 4.62e 6.92bc 7.17bc
4 85.00bc 0.18bc 5.29cd 6.80be 6.59cd
60 kHz 8 97.66a 0.20ab 4.60e 6.86bcd 8.24a
16 90.66ab 0.21a 4.96de 7.79a 7.65ab

At 10 Jlai| dans lo gixe iz a3l alive gy (sllo Sl
The means which same |etters in column are not statistically significant at the probability level of 0.05.
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Table 4- Continued

Ol Gad SLS 059 Sl (339 Sl 939 ol s (439
ol ; _ owilil dus 5o
(smarboUag 351 L azady, azadly azals slop
(CERY) . . , Essence
Ultrasound time Radicledry ~ Plumuledry  Seedlingdry  shoot dry weight Percent
Waves weight (mg)  weight (mg)  weight (mg) (9)
4 36.40d 40.85d 77.25de 0.37d 2.64ab
20 kHz 8 34.56d 42.26¢cd 76.82e 0.45bcd 2.78ab
16 35.62d 42.26¢d 77.89de 0.63a 2.95a
4 36.96¢cd 44.82cd 81.76cde 0.53abc 2.95a
40 kHz 8 44.88a 51.09ab 95.97a 0.6la 2.86a
16 41.52ab 46.65bc 88.17bc 0.44cd 2.73ab
4 40.800bc 42.88cd 83.68cd 0.44cd 2.92a
60 kHz 8 44.72a 53.42a 98.14a 0.63a 2.86a
16 41.20ab 53.60a 94.80ab 0.55ab 2.47b

caites 70 Jlaxsl plan Hlo e 3D 03l alie By, ghls o Sils
The means which same |etters in column are not statistically significant at the probability level of 0.05.
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Abstract

The effect of electromagnetic field and ultrasonic waves on the seed germination,
seedling characteristics and essence percent of thymes investigated by using two
separate factorial experiments, based on completely randomized design with three
replications, at the Seed Science and Technology Laboratory of Faculty Agricultural
Sciences of Islamic Azad University of Mahabad in 2017. In the first experiment, the
seeds were exposed to electromagnetic field with 5, 50 and 100 milli teslafor 5, 15 and
30 minutes, and in the second experiment, the seeds were exposed to ultrasound
intensity of 20, 40 and 60 kHz for 4, 8 and 12 minutes. Results of analysis of variance
showed that the effects of electromagnetic field intensity by ultrasound intensity
interactions were significant on al traits and indices. In this research, the highest
germination percentage (97.66%), speed of germination (0.20), root length (8.70 cm),
stem length (9.67 cm), root dry weight (41.5 mg), stem dry weight (44.75 mg), seedling
dry weight (86.21 mg), plant dry weight (0.82g), and lowest mean germination time
(4.84 days) belonged to the seeds treated with electromagnetic field intensity of 50 milli
tesla for 15 minutes. The results also revealed that highest germination percentage
(90.66%), germination speed (0.21), root length (7.78 cm), stem length (6.65 cm), root
dry weight (41.21 mg), stem dry weight (53.60 mg), seedling dry weight (94.80 mg) and
plant dry weight (0.55 g) and the lowest mean germination time (4.96 days) were
related to 60 KHz ultrasound intensity for 16 minutes. The highest essence percent was
produced from seeds treated with electromagnetic fields of 5 milli tesla for 30 minutes
(3.44 percent) and 60 KHz ultrasound waves for 16 minutes (2.95 percent). Thus, these
treatments are recommended to improve thyme germination and its seedling properties.

Key words: Essence, Germination, Seedling Dry Weight, Thyme.
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