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germination characteristics of Achillea santolina

Mean squares  wla yo (Sibee

a0 e
P) Sialgz vy

¥ gl g elielex U gle apalS S o5y s de ASLE
df Timeto fina . i Seedling Seedling
germination Final germination dry weight vigor index
percentage
Treatment Loy 15 500.99* 14174.11** 10.01* 15444.41*
Error Uas 32 126.77 2227.98 2.28 3869.03
CV. (%) &lpads <o g 6.95 7.11 11.15 11.75

Y 10 Juoio sl )3 o ine a5
*,** mean significant difference at 5% and 1% probability levels, respectively.
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Table 2- Mean comparisons of physical priming techniques and hydro-priming on some of
germination characteristics of Achillea santolina

ales G o e -
wlgar b o) FIVler oo s 039 o "
o S5 W il F I e e
Treatment Timeto final Final seedling dr Seedling
germination germination e htg( )y vigor index
(day) percentage gntia
B O S gl y gl
480 & Seigul gl 136a 812a 093a 755a
Ultrasonication 5 min.
Ao ) Sigual sl 150b 73.0 bed 092a 67.2 ab
Ultrasonication 10 min.
45010 Sigul sl 151b 742 be 0.86 b 63.8 be
Ultrasonication 15 min.

Laser 5min. aids & 43 150b 779b 0.89 ab 69.3a
Laser 10 min. aids ¥ 45 170cd 715 cd 0.84c 60.1c
Laser 15 min. aids 10 43 17.1cd 715cd 0.89 ab 63.6 bc

453 8 guerlolio ol 150b 69.0 de 0.80¢ 55.2d
Magnetic field 5 min.
SN gublids ol 17.9d 69.0 de 0.80¢ 55.2d
Magnetic field 10 min.
45010 puurblids olars 179d 679¢e 0.8lc 55.0d
Magnetic field 15 min.
aiBo O LB axil
i . 16.8 cd 57.0f 0.70d 399e
Gamma5 min.
ado Ve LS axil
i ) 16.5 bc 57.0f 0.68d 388e
Gamma10 min.
5218 L5 axdl 16.3 be 56.5f 071d 401e
Gamma 15 min.
Beta5 min. aids & Ly axil 17.0cd 55.0f 0.68d 374e
Beta 10 min. aiso 1+ Ly axdl 170cd 55.0f 0.63e 34.7e
Beta 15 min. aids 10 Ly azil 17.0cd 57.2f 0.59e 337e

Hydro-priming «Kowes! y g youd 152b 69.3 de 0.83¢c 57.5d
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Table 3- Mean squares of physical priming techniques and hydro-priming on some of
germination characteristics of Achillea millefolium

Mean SqUares  cls; o aSilse

a5 &i4lez b oo &34lgz woy Sl 059

sov i e e o Seedling
Time _tofl_ nal Final germination Seedli ng vigor index
germination percentage Dry weight
Treatment e 15 3112.55* 14115.25** 4.30* 39142.11*
Error s 32 672.17 1499.49 0.88 8275.09
CV. (%) &l s g 14.00 5.95 11.00 16.25

Y 1 Juoio sl )3 o ine a5
*,** mean significant difference at 5% and 1% probability levels, respectively.
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Table 4- Mean comparisons of physical priming techniques and hydro-priming on some
of germination characteristics of Achillea millefolium

~dlg U ol Sialgr vy SiS 03 . .
Sl o s axals e &L‘“
Treatment Time to final Final seedling dr Seedling
germination germination e htg( )y vigor index
(day) percentage gntia
Mataat) 130a 803a 092D 739a

Ultrasonication 5 min.

4o 1+ Sigl sl 148b 725 abe 0.91b 67.0ab

Ultrasonication 10 min.

45010 Sigul sl 148b 725 abe 092b 65.7b
Ultrasonication 15 min.

Laser 5min. aids & 3 15.0 bc 75.8 ab 0.94a 713a
Laser 10 min. aids ¥+ 3 15.0bc 75.4 ab 0.92b 69.4 &b
Laser 15 min. aids 108 45 15.0 bc 70.0 bc 0.94a 65.8b

480 B (uerblito pluo 16.7d 565 e 0.80d 655 b
Magnetic field 5 min.
40 ) gurblido plags 16.8d 64.8d 0.80d 518¢

Magnetic field 10 min.

8010 (mrblido s 15.0 be 67.0cd 0.81d 453d

Magnetic field 15 min.

Gammab min. aids & Ll azsl 25.0f 55.0e 0.74f 40.7d
Gamma 10 min. aids ¥+ LK azsl 25.0f 55.0e 0.80d 440d
Gamma 15 min. aids 16 LK axil 24.1 ef 555¢e 0.77e 42.7d

Beta5 min. aids & by axil 230e 59.0e 0.77e 454d
Beta 10 min. aids Ve Ly azdl 235e 595e 0.74f 440d
Beta 15 min. aids 18 Ly azdl 235e 58.3 0.80d 46.6d

Hydro-priming uwes !y 9 youd 16.1cd 64.2d 0.87c¢c 55.9¢
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Table 5- Mean sgquares of physical priming techniques and hydro-priming on some of
growth characteristics and yield of Achillea santolina

Mean squares il yo (el

e @b xS
sov solyT Sl by asli olasy owibul ss 0 ol o,S..Lo.c
df No. of secondary Essence Essence yield
branches percentage
Replication I ,s5 2 5.48 4582.14 2542
Treatment L5 15 51.48* 55.24* 10555.24**
Error s 30 10.97 16.38 1496.95
CV. (%) &l o o - 14.10 28.50 16.80

TN 9T Jloiml ok y o sies waiiay g
* ** mean significant difference at 5% and 1% probability levels, respectively

o, 8ee g gady slo (Shg sl (Fr Gy Sl pgyen 5 (Kb sl les 15U sla Sl aslie —F Jgua
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Table 6- Mean comparisons of physical priming techniques and hydro-priming on some of
growth characteristics and yield of Achillea santolina

o Tottsoncy  rsme bl osee
Treatment branches percentage Essenceyield (mL m™)
40 B Saigeal gl 41a 21a 34a

Ultrasonication 5 min.
o )s Sigulylyl 38a 208 315a
Ultrasonication 10 min.
A3 10 S gl gl

o ) 30b 1.8b 242b
Ultrasonication 15 min.

Laser 5min. aids & 3 38a 1.8b 320a
Laser 10 min. aids ¥+ 3 20cd 18b 260b
Laser 15 min. aids 10 55 20cd 1.8b 26.8b

A3 B (gmabliso oliso
2.0cd 1.3de 220c
Magnetic field 5 min.
MBGNEHIC 448 1+ (quusbolidio lre 20cd 12¢f 225¢
field 10 min.
MBGNELIC 423310 queblide glisa 20cd 13de 228¢
field 15 min.

Gamma5 min. aids & LS axil 1.7 de 1.2¢f 200c
Gamma 10 min. aiés V+ L5 azil 1.7 de 1.0f 20.0c
Gamma 15 min. aids 18 L asdl 2.0 cd 1.2¢f 18.7 cd

Beta5 min. aids & Ly axi 15e l4cd 15.9d
Beta 10 min. aids Ve Ly azxl 15e 1l4cd 190c
Beta 15 min. aids 18 Ly azdl 15e l4cd 14.8d

Hydro-priming uwes !y 9 youd 22c¢ 15c 189c
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Table 7- Mean squares of physical priming techniques and hydro-priming on humber of
secondary branches and yield of Achillea millefolium

Mean squares il yo (et

a5 galio 4y sl a5Ls olax ) )
SOV solsT il ol sy omibal o)S..Lo.c
df No. of seéoﬁ dery Essence Essenceyield
- ercentage
branches P o

_Replication,!,ss 2 1354.87 15.24 562.11
Treatment ,lo.s 15 73.59* 255 8148.21**
Error  Ws 30 19.91 18.84 1322.46

CV. (%) &lpads <o g 12.48 19.96 14.59

TN 91 Jloim) zoba y o wui a5
*,** mean significant difference at 5% and 1% probability levels, respectively.

SSlee 5 lx slo 4Ll olas (59, Simal gyt § (b slajled 13U Glo ke aslie —A Jga
S e ollegy uiluol
Table 8- Mean comparisons of physical priming technigues and hydro-priming on
number of secondary branches and essence yield of Achillea millefolium

Sl bas Ly slasy ol o

Treatment ,te.s No. Ofbicngﬂgy Essenceyield (mL m)
Ultrasonication 5 min. aisds & «Kusgu! 2 58a 29.1a
Ultrasonication 10 min. aids Ve S gul xdgf 53a 28.7a
Ultrasonication 15 min. aiss 18 gl yds!l 50b 290a
Laser 5 min. aids & ;3 5.4 & 30.0a
Laser 10 min. aids v+ 43 42c 290a
Laser 15 min. aids 18 45 40c 293a
Magnetic field 5 min. aids & bl gylame 3.0d 24.3 bc
Magnetic field 10 min. aids Ve owablie oyl 3.2d 25.0 bc
Magnetic field 15 min. aids 18 cwablite ¢yl 3.0d 25.0 bc
Gamma5 min. aids & LS axil 25d 234cd
Gamma 10 min. aids 4+ LS azil 25d 239cd
Gamma 15 min. aids 16 Ll axdl 25d 220d
Beta5 min. aids & Ly axi 25d 180e
Beta 10 min. aids Ve Ly azil 25d 181e
Beta 15 min. aids 14 Ly axdl 25d 174e

Hydro-priming uwes !y 9 youd 43e 26.6b
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Table 9- Orthogonal comparisons of studied traitsin Achillea species

“ailer B by -ailem dwoys  SiS oy pesls asliolas s S5 es
w3 F Gy ol Al hak el gl ; ot
Achillea species Timeto Final Seedling Seedling  No. of ELsJ;n e Eslszlndce
fina germination  dry weight vigor secondary ercentage (r¥1L o
germination  percentage (9) index branches P g 2)
Olysleg:
Achillea 16.2 66.4 0.79 52.94 23 1.42 230
santolina
S5 ololes: 185 65.1 0.85 55.98 36 1.40 24.9
A. millefolium
6’“( ;‘c‘)‘b“ )5"‘"‘ 0.800 0.555 0289 0091  0.049 0102  0.060

bl 0, Shae Joo 4y 00y 8,1y sla ks (o me gham o b polie P o jlaili] Sgew S, colpo —Ve Jguo
Table 10- Standard regression coefficients (), t values and significant levels of variables
in essence yield model

W Fialer we o oo a5l Sl sl asLi olass
Final germination Seedli’ng“ \}i gor index No. of secondary
percentage branches
3 lsibiwl (Ggmw )55l po
Standard regr')on coefficients +0.486 +0.925 +0.895
tvaues t yobio +3.011 +5.585 +4.989

(Prob.) 1o sxo ¢ yhus 0.03 0.009 0.008
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Abstract

To study the effect of physical primings on growth and yield of Achillea
santolina and A. millefolium two experiments were conducted in Islamic Azad
University of Tabriz, Iran, with three replications during 2014. Treatments were
ultrasonication, laser, magnetic field, gamma and beta radiations for 5, 10 and 15 min.
along with a control. By increasing ultrasonic exposure time of Achillea santolina seed
its germination was delayed. Seeds treated with ultrasonic wave for 5-10 min. and laser
for 5 min. produced seedlings with higher vigors. Seeds of A. millefolium hydroprimed
germinated only by 65%. Also, seeds of plants treated by magnetic field, gamma and
beta radiations produced weaker seedlings. Achillea santolina plants treated by
ultrasonic waves produced higher essence percentage. Essence yields of seeds of both
species expesed to ultrasonic wave and laser were higher than the other ones. The
effects of seedling vigor index and number of secondary branches on yield of both
species were 1.90 and 1.85 times greater than that of final germination percentage.
Ultrasonication and laser treatment of Achillea seeds resulted in both strong seedlings
and higher essence yields.

Key words: Essence, Ultrasonic waves, seed vigor, Achillea.
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