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The cumulative percentage of germination
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Table 1. Equations of germination indices

olao abay, e
Traits Equation Reference
Sile> oy Germination rate= n/Nx100 Ahmadloo et al., 2009
alyy, 5ailgr awgie Mean daily germination (MDG) = ZCpsgt/T Panwar and Bhardwaj, 2005
ailjg, il Lawgie dicion Maximu)=m mean daily germination (PVcgp/ti Panwar and Bhardwaj, 2005
Syale> Germination speed= Z(ni/ti) Ahmadloo et al., 2009
Siale> 08 Germination vigour = Mng/N x 100 Ahmadloo et al., 2009
Sile 33| Germination value= final MDG x PV Ahmadloo et al., 2009
S99 95 s g Kotowski Coefficient of Velocity= (Zni/Z(ni .ti) x100 Ahmadloo et al., 2009
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Figure 1. The cumulative percentage of germination of treantments
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Table 2. Results of the one-way analysis of variance (ANOVA) performed between treatments in

terms of seed germination attributes

Sily> Sleogas Gl a0 (1) Slpass oo Slape uSile F & e b
Germination Attributes df CV (%) Mean square Sig
S 9“) %“’f 11 0.17 25 256.18  0.001 **
Mean germination time
°‘if’”3’5 e wirs _ 11 0.15 3.1 49.40 0.002 **
Kotowski Coefficient of Velocity
. ‘o l - PR
sy il bgis aien 11 0.36 0.05 39 0.04 ns
Maximum mean daily germination
i dilam
SIS = 11 0.66 0.07 154.49  0.001 **
Germination rate
.‘. ‘e ~‘ hu} .-
L9 SIVeT g 11 0.56 0.54 848 0.002 **
Mean daily germination
ol
SIEST 2252 11 0.15 1.1 4 0.003 **
Germination percentage
6’{““9? ) 11 0.40 2.5 579.23  0.001 **
Germination value
P PESGINT
A 11 0.38 12 875 0.001 **

Germination vigour

** _ significant at o < 1%
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Figure 2. Results of Duncan's multiple range tests for seed germination percentage (mean (+ S.E.)) in different
treatments, different letters indicate significant differences.
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Figure 3. Results of Duncan's multiple range tests for germination value (mean (= S.E.)) in different
treatments, different letters indicate significant differences.

Aol Hlad o i cssline (gl cme S| po
DL el FA Sz sl g addo YO S
(F JS8) ais oaalive (5 )lo sxe
SWIF G o g b

VO Gy apl g el TA S al slo e
Loy atsls 1) (SwgpsS S cuyd (i addd
ol Sles e il gyl g BT poloyw lews
VO Soys sl g polerw g Sojsilan dpul + a8
5 O slerd Gm S 52y (5 ld giae IS adBs
Sl 2BI05 g2 (6 l0 Ge WS 0y O + 0,5 O
S 4885 10 S gl sl 5 el VE S

& 4lgar Cas pu
teS ol e 4 bgye (Sialz g it
lajloss plo b (s)losine BMST &5 09) S j9algm ]
it @olop 5 (2oL Ol Sl G ol ol
(@ bl il ) Gialer Sy
Gologme S agds Vo SO apwl 5 pole
VE S ez al g 0w Ol + 0,5 Ol ot sanline
S ol plas gl gme ST sl 5l cel
2lo bas on wels Jlag 4 by Giale ce s
Sosilom el Jled by (g)lo e IWS o jlas
S less g B30 VoSG sl (055 adi8s VO



WWAF Ja ke ooles [p,lez Jlo [0l 5 i g pole g olbrond calisee slajlos 5

(O JS8) ey ghls gine cuyo S dals jled il e Loyl s

1_
- 0.8 -

1 o a

3% 0.6 1 -

Q\%

25 04 bc b . e be

-~ -2 - = d

T = I
WE 02 - - e e
© 0 = - = g =

D 2 A > 8. 8. £ A S| 3 £
2 > R, 0 21 21 £33 £33 = 23
= LI S S N S - S S £ =24
8+ @ £ p 2% 8% 550§ 89 Lix 8 54
e} £ 3 2 53 59 SY 08 s5x ww O 29
L = 3 5 = =T = i Y 45 0a 2 %
231 £ T =2 =2 083 =2 22 g5
FRREN ] z g 4 g0 2. g> 3 9 2 <
T o} 2] o o - o > = > o 9 ’33 = e
| s 22 €2 B3 293 2 !
g 23 29 273 z 1 23
z 5 @ Z 3 &S 3
= = 3

Sl 510 Sro BB s yLis wglisio

Figure 4. Results of Duncan's multiple range tests for germination rate (mean ( S.E.)) in different treatments,
different letters indicate significant differences.
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Figure 6. Results of Duncan's multiple range tests for germination energy (mean (% S.E.)) in different
treatments, different letters indicate significant differences.
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Figure 7. Results of Duncan's multiple range tests for mean daily germination (mean (% S.E.)) in different
treatments, different letters indicate significant differences.
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Figure 8. Results of Duncan's multiple range tests for mean germination time (mean (£ S.E.)) in different
treatments, different letters indicate significant differences.

Al Ced aeo)d AN S el el g 0l F il a0
Sl b (2 B3 it lajlens I gy uizmen
adsls bt (S jdn Gl glagasls p e ol
Ol (s palsz doys Sl (A slajles o oS
Sy g dzaay Job 9l 5l (oo (Siailsx sln Y
Sl Lo 5 Sty S92y (5o me SST Jjalsr
Ao )0 (e Celw VDo 4o 0o )0 WA S el
-asl and Sharifi, 2010) <&, _ 54 Sl
Ohl—Seo g by 00l o ), (Babashpoor
! a5 slsLas (Mirzadeh Vaghefi et al., 2013)
Al g A 280 V0 o d 000 N S ey
PRTSAPRREPE FESRTIL Y-SRI S VAR AR V-1 PO
5 a5z 4SOl Jlo el 5 aen Sl (205
5! =y o (Farajy poor et al., 2005) .|
aS Wl ol o 5 (59, bt 5 (S sl less
loo L py5 O Lo 4y bgsyo Sialez oo o s

29 39, FO Soe 4y o)) S5 p0 ol )5 sl ax 0 A

ol e 1) (Sialez amoyd p 3YL Ghagl ool 5o

a5 (Farajy poor et al., 2005) | Soa g 0 >,
o) Gty 310 QLA o 3 65, 2 Wl o
s azyo A gl bpyS Ol e @ by Jiale>
59, YO Job 00l Sl an¥ o adds Ve Soww ol S
P s dml 5 0,5 O Sl L azsdl o 5 05
e 0y G il sd se iz Ol el aST ) LA o
Cepets sl 035 STl a3l 5 0355 ol ]
3 il sleoss il e e diwgy o n o I L
2 odle D9-doe ydy (Sl Sl g WS (ool oS
5 L g o LT a0 (il () p 0 0l
Ao, (o yi—iw (Khaleghi et al, 2009) L Sen
Sl Yo by je (o el ji sl (Hialex
PR JERIPRR PRI ISt K L/ WA WK VR, V QP WS P

Ve Gher ol et Gl (Sialsz aoys it LlST



W7 Tp ez o)l fpsler Jlo [olnl ydy Slidod g pole

U‘)M 9 ub;ubb

B> jlad 0,5 sasline (el A) SO jsaf g Sl b
Ll 1y Siailez G850 Yl R0g,e JelS
w3 oo GLas g (nl @l S (g ggerme 50
gools BISE 1) ol d aiwg ;0 3905 b SOy ga)gus dusl
395y il ;o Ll oS oo gy 1y O (Sl
o el L i slacdl 5 (i led s 4 9 0S5 o
e (Farajy poor et al., 2005) sl o cuml )&
Ll 4 aS ol o 4 ol Sealin ol 51 a3 8,5
S phlgs Sl jlad BV el S0 ab
s Sel Saled )3 g WS e 3l Hh a5 i e
555 s, (Talebi et al., 2012) sy o 45sF s
o P sl a8 (e wiwg s 4o (o2 5 S
s ! 3l nsloly aSml g azg Ly s il
30 ol ol jan OISl sauao ) Lis cwl ol saalive
il oo 0aisS dgaoe Jelge S0 Lol jen  Jiailes aie
g S ysalas sl gl sby 5l oolitul Bedos ol 5o
Wy 59y 2 Loslesd plo 5l (a0 B3 (poley 08
L So)sdlg sl 5l osliinl asog 5 55e 435 cal j
e g Sel (53 83 9 S8y B o il S inl 4 4z g
o 0yl 5ol auzr ol el gy o o iz
33 Js 2y Ly s 5 15 sl 95 on Slgity 55 on
5 gy s 3 o5 an3a08 sl iy, 3 gy
(057 e @lo o «p )8 Ol wile g oolatwl wius |y

&l Sl
ym—ils asliplaly S LS ol adlie o
= adlie B s g el 2O oBiils jo w18
0%l ol Sz an LT el I asils e p3Y 855
e ozl izman el (6Kl Gaos S
K 5 Kz pole olRialojl Wlid )57 ly 55,81 ol
Slaglejl pladl o (g)lSan (gl (15055 ez ol

D9 g0 szjaé

[ G Y L VYV POV SRR EE JOC R
cils |y jalem cp pdn A 880 F e Sa o ay
sy 5 (ezxed (Muhammad and Amusa, 2003)
Lot e 4 sl oldy |y sallsr iVl S
aagl il celw £ Sose 4 aes,0 Y G 5a) g duwl
(Rostam and Shasavar, 2009) aas
5 s> S5 S5 a5 analis
oo (s a5 S0l (g ) )d (File p (pole s
@lodaz 5 209, Jol5 B e 4 g e Sjals
Sadeghi and Aboutalebi, ) cul Sjals> asyo 0F L
e 5 S50 (5Lb ot il aalllas Ll (2010
(Colutea persica) Scoss 455 sla,dy Sjaiile>
23 i S sl a5 o Bl o Sloglles
Fmbio sl jlasd 5 o3l led g Sl 1) Gjaile
ot 3 Syale> e o (Talebi et al., 2012) el
Oly=ie o algs oo oS oo s (Sallsz 50 Hie Julse
Ely 33 58 Cgue GlaLS lEl )3 S5 Jalse 51 S
SIS it (Gialer S b yods 5l ead wdgi sla e
8l oo Bl el e 5 (8 iy Eaagli
5 Ry ik g5 ! o (Ahmadloo et al., 2009)
Sl 0,5 Ol e G 1) Sialer S 7S
9 2ol e i Al salll jled 5 SO sl

2 aS ol s sl gl cae OS] oo b oole
Sbess Ol ml (gogm S 5 s 59y 2 65505 (o) 2
Sl § (A28 10 o a) 9o WA S dls s
A8 (A2 8o Y g VO Cuw a) a0 B S 9ale—uw
Lol (Mirzadeh Vaghefi et al., 2013) sSog o;aile>
oty (Talebi et al, 2012) cpiime o)y o
Sl logd Ol 3l Gy 5 (@035 s 1) (Sialsr ey
Seml e | (Sialer S 0 7 eS 9SG 5al g
5o il sall (L g ooolo,w aan g0 + S o
Sadeghi and Aboutalebi, ) LS 5 Solo o)y
S B3 e 5 paler ey 3L (2010
R R BUARCLI T RPN
25 Ol o 5 20950 B Bdo e o 4l



WWAF Ja ke ooles [p,lea Jloo [0l 5 liios g pole g olbrond calisee slajlos 50

&lw

Ahmadloo, F., Tabari, M., Rahmani, A. and Yousefzadeh, H. 2009. Study of seed germination and
seedling survival of Pinus brutia in different soils of nursery. Journal of Wood and Forest Science and
Technology, 16 (3): 61-76. (In Persian)(Journal)

Babashpoor-Asl, M. and Sharifi, R. 2010. The effects of different treatments with acid and hot water
scarification on seed germination indices of Gleditschia triacanthos. The fifth national conference on
new ideas in agriculture. Khorasgan Branch, Islamic Azad University, Esfahan. (In
Persian)(Conference)

Brenda, B., Jenning, W. and Rawlinson, R. 2004. Crataegus Saligna (Willow hawthorn). University of
Colorado Herbaruim, Bouulder, Co. 37p. (Book)

Bujarska-Borkowska, B. 2008. Seed dormancy breaking in Crataegus pedicellata. Dendrobiology, 60: 51-
56. (Journal)

Farajy poor, R., Hosseini, S. M. and Asareh, M. H. 2005. The effect of mechanical and chemical
treatments on seed germination of Tilia platyphyllos. Pajouhsh and Sazandegi, 66: 25-30. (In
Persian)(Journal)

Khaleghi, E., Zehghan, A. R. and Moalemi, N. 2009. The effects of sulfuric acid and hot water on
germination indices of Acacia and Tamarind. Iranian Horticultural Science Congress, Guilan
University, Rasht, Iran. (Conference)

Mirzadeh Vaghefi, S. S., Jalili, A. and Jamzad, Z. 2013. Effects of gibberellic acid, sulfuric acid, and
potassium nitrate on germination seed of three hawthorn species native of Iran. Journal of The Forest
and Wood Products, 2: 135-146. (In Persian)(Journal)

Mobin, S. 1995. Flora of vascular plants. Tehran, Tehran University Press. (In Persian)(Book)

Muhammad, S. and Amusa, N. A. 2003. Effects of sulphuric acid and hot water treatment on seed
germination of tamarind. African Journal of Biotechnology, 2: 276-279. (Journal)

Panwar, P. and Bhardwaj, S. D. 2005. Handbook of practical forestry. Agrobios, India, 191 pp. (Book)

Rostam, A. A. and Shasavar, A. 2009. Effects of seed scarification on seed germination and early growth
of olive seedlings. Journal of Biological Sciences, 9: 825-828. (Journal)

Sabeti, H. 1992. Forests, trees and shrubs of Iran. Yazd University Press. (In Persian)(Book)

Sadeghi, B. and Aboutalebi, A. H. 2010. Comparison of chemical treatment olive seed germination.
Khorasgan Branch, Islamic Azad University, Esfahan, Iran. (In Persian)(Book)

Taheri Abkenar, K. 2010. Silviculture Iranian forests outside of North. Haghshenas Publication, Rasht,
Iran. (In Persian)(Book)

Talebi, T., Iran Nejad Parizi, M. H., Mosleh Arani, A. and Shirvany, A. 2012. The effect of chemical and
physical treatments on the germination of Bladder senna (Colutea persica Boiss.) seeds. Iranian
Journal of Forest, 4 (3): 221-229. (In Persian)(Journal)



The effect of different.............. Iranian Journal of Seed Science and Research, Vol. 4, No. 4, 2018 (1-12)

The effect of different chemical and physical treatments on the seed
germination of Crataegus pontica C. Koch

Zeinab Radsarian', AbdolAli Karamshahi*2, Javad Mirzaei?, Mehdi Heidari?

Received: December 16, 2015 Accepted: May 29, 2016
Abstract

This study aimed to select the most suitable chemical and physical treatment for germination and
breaking seed dormancy of Crataegus pontica. The experiment was set up in a completely randomized
design with 5 replications and 12 treatments in laboratory conditions. In this study, each replication
involved 30 seeds. Treatments were hot water-sulfuric acid, sulfuric acid for 15 and 20 minutes,
gibberellic acid for 24 and 48 hours, scarification, chilling wet seeds (-20 °C for 2 weeks), freezing seeds
in water (-20 °C for 2 weeks), nitric acid for 20 and 25 minutes, hot water and cold water and control. In
this study, characteristics such as germination rate, germination value, the speed of germination and
Kotowski's coefficient of velocity, germination vigor, mean daily germination and mean germination time
was measured. According to the ANOVA, significant differences were detected among treatments in term
of mean germination time, Kotowski coefficient of velocity, the speed of germination, mean daily
germination, germination rate and germination vigor. The highest germination rate, germination value, the
speed of germination, germination vigor, mean daily germination and mean germination time was
measured in hot water - sulfuric acid treatment while the lowest one was related to control treatment.
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