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Gundelia tournefortii L. seeds owing to the strongly lignified disseminule from
secondary capitulum, cannot germinate easily. In current study, three individual
experiments were done to investigate the impact of chemical scarification
(treatment with water, hydrochloric acid, sulfuric acid, acetic acid, sodium
hypochlorite and hydrogen peroxide in durations of 20, 40, 60 min), physical
scarification (control, scalpel, blade and 5, 10 min sand paper) and temperature
shocks (individual or combined treatment with boiled water for 60 min and 1, 2,
3 days freezing on seed germination of chelgerd population. Results showed that
in non-scarified seeds, germination was very low, but all mechanical scarification
methods increased seed germination. Among chemical scarification treatments,
the highest seed germination obtained by 20 min soaking in hydrochloric acid but
seedling growth was not favorable. The combined treatment of 60 min soaking in
hot water and 3 days freezing, better than individual temperature shock increased
germination indices, seedling length and vigor. In sum, results showed that the
best method for physical dormancy breaking of kenger seeds was scarifying with
scalpel that imparted the maximum germination percentage (58.46%), peak value
(3.5 No. in day), mean daily germination (3.2 No. in day) and germination value
(11.53).
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EXTENDED ABSTRACT

Introduction

Gundelia tournefortii L. is a species of Irano-Turanian origin
that its local name is Kenger in Kurdish language, and the same
name is applied in English language. This plant has one of the
most complicated inflorescence structures in the Asteraceae and
its fruit contains a strongly lignified secondary capitulum or
disseminule, a single enclosed cypsela and the spiny, free tips
as an adhering pappus for dispersal. Despite its importance in
the traditional diet and for the livelihoods of local communities
in Iran, plants are still mainly gathered for consumption from
the wild area. The propagation has been limited due to
dormancy and the difficulties of germinating seeds. In seeds
with physical dormancy whose embryo growth is mechanically
constrained by mostly dead seed-covering layers such as the
outer testa or pericarp, the completion of germination requires
a reduction of the mechanical constraint associated with the
seed-covering layer(s). Therefore, the current study was
conducted to explore the effects of different scarification
methods and thermal shocks on removing the hardness of cover
on seeds of kenger to provide a basis for the future cultivation
and domestication of this plant species.

Materials and Methods

The first experiment was performed to explore the effect of
physical scarification by scalpel, blade and 5, 10 min sand paper
on seed germination of chelgerd population. The experiment
was conducted in a completely randomized design with six
replications, and each replication was included a Petri dish
containing 15 seeds. Intact seeds were also considered as the
control group.

The second experiment was conducted as a factorial
arrangement in a completely randomized design with six
replications to investigate the effect of soaking in water
(control), sulfuric acid, hydrochloric acid, acetic acid, sodium
hypochlorite, and hydrogen peroxide (at a concentration of
20%) for 20, 40, and 60 minutes on seed germination and
growth of Gundelia tournefortii seedlings. It should be noted
that in most studies, high concentrations of acids are used for
short periods of chemical scarification, which usually has a
negative effect on seedling growth. Therefore, in the present
study, 20% concentrations of acids and other chemicals were
used and the effect of different durations was investigated.

The third experiment was also conducted as a factorial
arrangement with a completely randomized design with six
replications. The factors were included heat shock with two
levels (soaking in tap water as control treatment and soaking the
seeds in boiling water at 95°C for 60 minutes) and freezing the
seeds with four levels (0, 1, 2 and 3 days of freezing) at -20°C.
In all experiments, after scarification, 15 seeds were transferred
on filter paper and the Petri dishes were placed in a germinator
at 25°C with a photoperiod of 14/10 hours of dark/light and
were irrigated with distilled water every day. It should be noted
that due to the large size of Gundelia tournefortii seed, the
number of seeds in each Petri dish was limited, but more
replications were performed so that at least 90 seeds could be
tested. The number of germinated seeds was recorded every day
for a month until no new germination occurred for 3
consecutive days. Then, final germination, peak value, mean
daily germination, germination value, seed length and vigor
index were calculated for each treatment.

Germination peak value (PV) was calculated as the maximum
cumulative germination percentage divided by the number of
days required to reaching this germination percentage. The
mean daily germination (MDG) was obtained by dividing the
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number of germinated seeds by the total number of days of the
experiment, and finally the germination value (GV) was
calculated as the multiplication of MDG and PV. Seed vigor
also was calculated as the multiplication of final germination
and seedling length.

Results and Discussion

Results of the first experiment showed that while control seeds
did not germinate, all mechanical scarification methods
increased seed germination. Scarification with a razor blade had
the least effect, and breaking cover on seeds by a scalpel had
the most effect on the final germination of seeds (Figure 1-A).
Also, a similar trend was observed for the effect of different
physical scarification methods on peak value, mean daily
germination, and germination value (Figure 1-B-D). In fact,
lignified disseminule from secondary capitulum around seeds is
so hard that scarification with a razor blade was not enough to
remove its inhibitory effect, and abrasion with sandpaper and
especially its breaking with a scalpel were more effective in
removing this barrier to root emergence, and as a result, the
length of the germinating seed and the vigor index also
increased in this treatment (Figure 2).

Results of the second experiment showed that seeds soaked in
water (control) had very low germination, but treatment with
sulfuric acid, hydrochloric acid, acetic acid, sodium
hypochlorite and hydrogen peroxide significantly increased
final germination percentage, the peak value, mean daily
germination and germination value (Figure 3). This again
confirms that the dormancy of kenger seeds is related to the
hardness of cover on seeds and these chemical treatments have
significantly increased the germination capacity and speed of
seed germination by removing the mechanical resistance of this
cover. The interaction between the type of chemical compounds
and the duration of scarification on seedling length and seed
vigor showed that treatment with acetic acid for 20 to 60
minutes, sodium hypochlorite for 20 minutes, and hydrogen
peroxide for 60 minutes had more favorable effects on these
attributes. In contrast, increasing the duration of treatments
especially with hydrochloric acid and sulfuric acid caused a
decrease in seed germination, seedling length and seed vigor
(Figures 3, 4) and therefore, the use of these treatments is not
recommended.

The results of third experiment showed that soaking seeds in
boiling water or freezing of seeds increased seed germination,
peak value, mean daily germination, germination value, seed
length, and vigor index. However, the dual application of these
treatments was more effective and better seed germination
indices were obtained in the combined treatment with boiling
water for 60 minutes and freezing for 3 days (Figure 5). It is
likely that exposing the seeds to cold and hot temperature
shocks further contributed to the cracking of the hard cover on
seeds. However, the effect of combined treatments of boiling
water and freezing on germination indices was less than that of
scarification with a scalpel.

Conclusion

This study showed that the physical dormancy of Gundelia
tournefortii seeds is related to lignified disseminule from
secondary capitulum around the seeds and breaking this cover
on seeds with a scalpel was more effective than other physical
and chemical scarification methods and shock temperatures.
However, it is noteworthy that even with this treatment,
germination ultimately reached 60%. Therefore, it is very likely
that another part of the seed dormancy be physiological type
that should be assessed in future studies.

Ol 5k 5318 5 p ke & 45

Vol.: 13, No.: 4, Winter 2024

VEF Olne ) oF ol Y



https://doi.org/10.22092/ijsst.2024.363226.1497

M- Slois F ol ¥ 0,55

\\|'17 Rres s,
Y - G

3295 g 9 6P jgeT ik ol
T 38 A 3 o A e gn

Olel 2% 51318 3§ poke 4 yui

ISSN: 2588-4638

ey dbo

S 410 Jobo 9 sy Jidilex p 2bed & ad 9 B SIS ST
(Gundelia tournefortii L.) i>g &5

* 26T gos diby 5 0 galalas  Laillgl

.Q‘j‘\ "’;Jé'i‘ ali.f;}\.\ cr}lp oSl cLSAl:fCMM.LJ o};c.l.&)l kf""qu{ 4:>_,.~T uﬁl‘.}‘b.\

.Q\ﬂ\u;_/.«,fu ali.i.}\: &55}3}&.}:’“’4&‘:‘“}}.’.}&) A;_/.g,fb cli.ﬁl)cr}l&a.kg.ﬁlé g‘_ghlzfda.wi) a;fub‘."

Ao DMl

o>

£

VECY/ 0 O/YF 1Bl o 56
VEY/ ALY 185550 S sl
VO L g 6

1Sl slaoly
L]
WSS ST A
OJssen A5
O3S P

1 R O 65
rayhanehamooaghaie@yahoo.com

ST 4 15 o e 6 IS 51 ol o o8I s iy o 4 iy SIS sl
T b les) ples 3 515 1y p 6l Wl (2olesT aw candllas ool 53 5 3 4l
4 o3 Yo Sl il 5 S ) 5 g sl (G5 IS i (055008 AT s IS g
5 (I8t & ool aiEa Ve 50 sl ) SIS A il (akss #e 5 F Y S
035 2455 3T 5 G ST 53055 48> 0 (oS 5 L,k 5 )l8) (glos glaeS s b
et Ly (3346 g e A3 A1 ey 515 0L gl i plonil > Ko 0358 (slaydy 3l 2 G
P Sl o 3 isls 51y G5l ( SO (asE o) aea bl sy oS
LT sy (o3 OFVF) K 5y JS7 ol 53 03 53 4285 Yo Sled b G581 o e ¢ o lomss
Sy 323 55 Y e 3 i 2T 53 OhLs 4ids #0 (oS 5 e 550 ool o yails Ak Ll
U503 ol I a5 Cansals Jsb (S8l Slaatle 530 ki oles oS 555 g
S s Pl a3 (s ST slapdy (5 Ol S8 (sl 0 g 0 e ol OLS
YIY) w55, 5540 nle Gy 53 34e ¥/0) &K s (Ao 3 OA/FF) 5l g Ol g o i bin

38 sloul 1, (1V/0F) S3alsr 2500 5 Gay o sae

Sl oyl 4y Uikl 0 g%

Khodadadi, A., & Amooaghaie, R. (2024). The effect of scarification and temperature shock on seed germination and seedling

length of Gundelia tournefortii

Iranian Journal of Seed Science and Technology, 13 (4), 81-96.

https://doi.org/10.22092/ijsst.2024.363226.1497

Iranian Journal of Seed Science and Technology

Ol 5k 5318 5 p ke & 45

Vol.: 13, No.: 4, Winter 2024

VEF Olne ) oF ol Y


https://doi.org/10.22092/ijsst.2024.363226.1497
https://portal.issn.org/resource/ISSN/2588-4638
mailto:rayhanehamooaghaie@yahoo.com
https://doi.org/10.22092/ijsst.2024.363226.1497
https://orcid.org/0009-0008-3290-6815
https://orcid.org/0000-0002-8575-5407

...C,.w)d‘.s J)b))..b G)M‘f-f&lﬁb d{ﬂ}@:uﬂf- f?l

A¥

b el 05 50 Dl g5 pl st (SO ol ol
Slasds 53 (S5 ol 3 Ll s slitze 0l ST
o9 sl lu baaly )38 Coulods 3,18 by XS
(Mattana et al., 2022) ol olE :pl 53 0508 5 23T &

3T Glaslis o oy ooy 51 (S sl iy S
s Ol sloul 5 SASTT, 55 48 (el 015 KT 6,5 s
LS s L}-?&JA—-;U‘ JsulS V-0 aL:f ol sl i
Il S St 5 6,8 o 18 bk S8 6 S
red g e 555 o adsl J S e 8 s o 4 5
Jsl gl slS sl 8 5 1S b Jas o3l gla JS 5L Ll
JSes (b )3 (Hind, 2013) s 5 o J8 815 55 Ssol
L) I 5 (g Sl 6 a5l J S ol i co s
5 S i g sl S e 4S5, 5T s 3
3,8 03 1y el Vs B 85 45 oS ) Lol 0 5e
33 5 0s ol g diile ¢S5 S (g3l b Hlisle ol (59,
San T daualy 4 a8 Cl St o 50 sla,b 511 gl
Sla idu Ol g 4 a5 9 dnam Oy Cw gy 4 Sl
sdu (Karis etal., 2001) uS" o s ol ol ouiS” izt
LSl (g 05 Lol o i O ol 2y SIS
ol ablt W38 5 OT w3 si 5 ¢S50 by oK
5 D Cen s s 65 s 050 ISy 4 Bl 50
IR RPICHRE P PEPRENEE U C S P
(Mattana et al., 2022) LS o Cilan gjal g 51 &S

oS J sl gl e )8 S s s 4 S
ot ol Koo g S 5 ke |y ol S5 il 5 o Lol o
dsb 53 5y s 1 55 Ol ba o b atSS gb b
NS w5 slacale Culiy Gdu K2 Ol )
olE sdome il CnSi 4 oo il oo sl 0 g8 0315 s
s S b il 5 n 5 (S5 s cncb 3052
(ST (slapadl® l5 Sn olleb (STl 3 alls g3 5 Sl
0 0t b Sl T M) K 53 anb (655w 55T
K3 Jolse 5l Jar 5 045 035 5 (5 o IS (Sl e
ol ol 51 e s (Kildisheva et al., 2020) 5 5 .S
Slp el gl 258 eSS b i J5b Jlo i Sl S
iz, (S5 STy guoe 1) (sl p3Y Ol 0357 ol S

Iranian Journal of Seed Science and Technology

.

dodio
ooz 5T 3 Sl eslinl 55055 5 Olgr Comer e i)
5 b b ool d (o ge gl 5 18 Ol g 4 b AL
o S5 adkie 8 ol S 5 5550 55355 (50 OB S
Shls 8 Sl be 55287 (g das Sl g 20 Jaes Ll 5L
P GBS (ol sy e 5 (5 Sl () £ 5
e pU L K8 oLS Basiri, 1984) 5L s 014l sa
o SV adate 55,0 L 0llE ales I Gundelia tournefortti L.
dolis (gl & ol (Ateraceae) Ols KT L owlS o5
Olays 43 OT 3l esliwl 95408 3,8 sladgle 5 pxio (ST
Sl 5 6ol slacsslen (S5 )l S SISt 06
> (Asadi-Samani et al., 2013) C—wlodl i ap s swy
oltile S (slao S5 il Ghlis ) iy SIS 0L
5ok 5 bl Ol S Ol J eOlan Ol k5T
> Ll.(Gahreman, 1983) &S™ oAb 5,5 55 Do) sy o,
(b e 51 OT o5l s 5 ol b LBl ) (Slaans
Celys s Cmlosls S2als 1ol opl b i)y glaas o
el e 015558 gy 5 Ol sa ol oyl
IS b o a5 el (S s
o & (58] g pide AL o oS bl Dy sl
Dl Ol 4 Y gene iz OB (il g sl S
! (Baskin & Baskin, 2014) 55 4 8 L 5 S5
ka1 S B il a Sl pesdle Ol p s
O\}DQW}ASG«&J&{G)A)@&QN
ol Sl 55 Jamwe pllanl ol 5 1 Clial o g o5
Wi S 5 8y Sl 3,15 (65l Comal AL Saai S
3l olE (635 5y 53 Olej 3 ame Ll 15 ¢ S5 Jal e
B & v S US55 olE Wy 5 s, R
S s 51 55 (Jls g1, (Hudson et al., 2015) sl 5 5o
FElE (N Sl aia osb e s Sk s b b
o5 33 jidw SS5é ol (Casas et al., 2017) ol
WY ki b oS dladils (53 oS Sl ) s S
Lol pi b ol (8 4 5 oyl b s ISl Syl
bl ST a e a6l

wyuaﬁgjhwﬁéf&aéh»cﬁsdu)&

Ol 5k 5318 5 p ke & 45

Vol.: 13, No.: 4, Winter 2024

VEF Olne ) oF ol Y



AO

G_GT}“; PRTEIEIRES

Ll DS A b (ol Sl b &) ey talesT 058
Cawd ails 3,010 sl (63 ¢ ol 51 ST a5 il
apY s an S s dal b oy 8 Olyim oa 03,
o8 s Slsle D3 s 4 ax 5 L &S ol (555Tk
A3 it Ll ST Ll s doen (6 3 a3 bajd slta S
2,8 )3 05T 3550 s s Jilis b ab a8

5 e Slo LS (g5 4 Lol (o sl Al ey
0355 L 5 gliey) 3 oL T Sl a5 YO los 45 L jtss 5
Asddsel i slag,cel ) 5 S el \F g5
2 ey g s (LT e OT L (glue Ol s 555
sy s 5 s 43 8 55 50 S5eler Ol e e ¥
S¥aS Sl ds F o 5, 0 el oSG (b s sl e
S\ il Ao s ol T s Ll adl e Jise
3 8 s 5 daly b 5l s KS sl (PG)

PG=100(n/ N) Vb,

JS S N g o3 il g (sl yds sldas N adasly ol 55 a5
el o ST slayd

565NNl s s eias T slaceuyails Jsb s
Al 5 ddaly Sl A 4 el

has el = Sialer o ya X Syl JS sk Y adal

SV s 51 (PV=Peak value) &, e ¢ pl o 5Mle
Odey 615 5L 3550 Sl g) sldad 4 (ramd J 54l g Ao s
S35 il Sole T s 3l A3 ol &
slasgy JS aesjdil s ladils S sluss M;\(MDG)
P3G TS 53 ool S g A a2 LT
5 S8 )l el &S (GV =germination value) 4l s>
Glaalaly 5l s s Li ol i 55T 5 el el s Sl
(Al & Aziz 2021) L& acloes 5

&5 Sl G e s
PV=

¥ b,

TP PNIY

03 &l g (slaails
MDG=— ¥ bl

AT sl Sy JS sl

GV=PV x MDG 8 alasl

Iranian Journal of Seed Science and Technology

o35 SLaolad 1B b Gla tg) 5l A ulal 5 54
b 5 Ol Sl b (A3 A5 4 g 3o (g lemsdh 5 (SIS
b ol H b pl gl 8 oo eslimal gles glacS 52
i eSS Sl eslinal b oaslaT 55y S 25
Mbi et al., 2022;) >, o G S el 5 £1 ol ceslau
o5 als Ay s il Jlis (ol .(Xue et al. 2016
Mahmoodzadeh ) | ul dews 5 (Datura stramonium L)
(Tamarindus indica) (st o5 4l> oLl o (et al., 2005
5 e L35G (Mohammad & Amusa, 2003) e T s
Mondani (2018) .csls 4ils Ll CaSs (655 (o153 sne
b o3 WA s sl b yles L S 55187 o et al.
ESVRICTRTS S iA RUIKVEH INEEVSTS DI PRN ISt T g
s oSl G5l dasys il

RS Ol S Sl s s bl i s
3 bt (P A Gl Gl s b Sl eslanal b e
5 IS o T 30555 Ll s oS 5 5 SIS
238 oalp AE 6 E 1038 ol 555

b 59y 93Mg0

Ol ,dy 08T, &S 2 51 oy SIS (slaydy G (a5
Ol 3 Ko aiate 51 08 5 ol 3,18 bl & s ags
don 535 0d o5l e VFer Jlo o 55l 5 e slex
o ¢S g gla,di c T o Waadls 03 5,5 LIzl dla il 3T
535 o8 tnloT 53 oy ol (sl 2T S s
A5 VFY Il s 5 S e ol o gle 0uSCails  aLS

2 SH (PP rogd £l I (s
=9 S Fidiler Sl el
4{@3\.:}._..-' u\.GKLIQJ) abL:.:._w 6‘.&)‘.@.; j"“ J)‘ Lf;"nb)-‘-)"
)&dkﬁj)b&ﬂﬁ&)&‘f-c@é\'jb&bu\.ﬁ
e s ol 38l ISl L OT B L 5 L
sl 5l ol iy Sl a4 5 b sl Jlasl (sl
e g 0dd &I e St 4 K8 L gy w st
F it mop Joe 0 S5 iy o)l (semd
S ab ol ol ibg IS WL 535 denls 3+

Sl (4 gy 4o 53 Glas 03 0357 5L ad) OIS

Ol 5k 5318 5 p ke & 45

Vol.: 13, No.: 4, Winter 2024

VEF Olne ) oF ol Y



...C,.w)d‘.s J)b))..b G)M‘f-f&lﬁb d{ﬂ}@:uﬂf- f?l

A7

Sas) gl 534 o T Jali b 5876 s planil ) S5 0
o e 380 S T 53 lasd 03,98 5 Jseme T L
S aY A ) e FLla,d 058 50 5 (adds fr e wy
mr“ati"‘ﬂ;ﬂb-’ Y :\fdﬁua?)s—Y~LgLa.>)>(ﬁ}
Olpes €36 5 2 53 Bl oS (63, 4 ,du V0 JLasl )
S ey 318 sl a3 YO Glas 55 a6l G4l s
WS sie c olg Siaile oy 0 B Y glaakal, b bl
3 e yils b o S50 55,1 dlny il o Sls

A e Hled a4 e lo

Sl 36T
s3T5 (Bolas SlS = b L sl rolejT e s nl 5o
) 3L S bl oy sSTB o) s e 5 03
b bl LT 55 5SS it Jolb o inlesT aen s 8
Lo 03037 31 03litl L ¢ Sibe aslie 5 YV auu SPSS L1331 o 5

A plowil d 53 0 la| b Sl (glals

SLa AL SSe B Elgil ST
> 9 SO S ydls Job g 418 Jjdiles

Calies (Slae i 3145 51> DL uilsly Jebod 5 4 2
WSy s (e il A Sl sl
5yl dsb Gy Gl B3l e S50l 45, oS0Le
OV dar) 55 ol sre Lo o ) Jlazl o 55 4y el

2 2l (PO B Sogad E1gi 1 sy
=9 ST Gidlexr sl el
3L WelS b B s oy 56 S g 53 S leT
Al (L) ST 3 Ol S (s 2 (612 1SS i L
oo S IS g (Sl el (K IS Al (S5 ) 5
GOl e 3 Ao s Yo Ll LOSs s ST
ol ST il Ay 5 oy S50l aRES P 5 Y oF
YL cble Quuug.,ibl,u_fc.__w\;';grﬂ )
ny Ey - esleul @:jbﬁ- Sy eU; Oy Gl b el
S ol Gy Ll s yls Cwjails uiy it S1TY sene
Sde Sl g eslanl OLS 5 ple g badwl dpjs Yo Cbale
W38 B g 350 e (S0
SLS 5 slad shows 51 baals clayles Ol O plo 51 g
2l b (GOl b i aras OTL s )l G
AE8 oy 4 sda V0 559 o Sl aails (g9 ediladl DLS 5
6135y 558 Oljme e b Jize 5 2 8 55 Slo
L gillae 5 s 31,8 Sl a3 YO Lo s Loy
ol (S 3de (ol a3 B B Y (laak,
4y gl g S yails b ¢ el 5500 ailsn, (G54

A e Hled g

2N (Fidilg> S aslh g obd el F1 sy
& Sﬁ
b 2obaai Wl b b ) 556 ) s b g 25T

St S Canyails iy 5 5k el slaasly (SO e il Calisee sl bay S wibsls 4 e =) Jsd
Table 1. The analysis of variance related to the effect of various methods of mechanical scarification on seed
germination indices and seedling length

il il o Sile

S gl ) TSR G N Sl i) S yiils b Vigor oy as L
S @3l5T germination Peak 5] germination Seedling .
SOAY) index

df percentage value MDG value length
s gla
TSRS 4 5086.80%* 19.80** 20.67** 279.03** 712.66%* 1368.801**
Scarification methods
Lot
20 2.19 0.6 0.4 1.016 3.254 45.275
Error
I GOSN
erV e 12.32 3.3 5.16 2.74 2.19 13.02

** shows significant differences at 1% probability level

Iranian Journal of Seed Science and Technology

Lo ys ) Jlea| CL..,); Dls gme s

Ol 5k 5318 5 p ke & 45

Vol.: 13, No.: 4, Winter 2024

VEF Olne ) oF ol Y



AV

‘_sa_GTjA; PRTEIEIRES

ToA Ol s os S ade by ol (S Coeglia L
Sl Al ps g S V.Aij.e fy asls 3l ama_io
Lo gl b anlze das o 35 |y (2 s KS,0
p ity 1535 2l 5 oa Abu-Qaoud & Alkoni (1995)
v gy ls p b iy K7 slasdy gjal o
Gaisd 53 el Cnds OT 53 Ol s 5 5k b
slaslad e o - Khajeh-Hosseini et al. (2017)
JIEl s gt gy (A3 B3 ol s plad 5 (S5
i sl Ol S WS gl e e
.34 (Cressa creticae) 4>, 4o _ole 4 (Prosopis farcta L.)
SIS g3 b 5 a8 s S 5,18 s Olgaet al. (2011)
Loy op YL eslew alw s 4 Sphaeralcea munroana .

..5; :l:;ﬂ ‘) (-\«0): QV) 6’)4"‘}’

A
70
a
a X 60 b
2
3 6§50 c
& £ 40
3 E
Pt d
95
2382
? [ e8]
[%2]
10 e
0
control [sand paper 5| sand paper blade scalpel
10
dals 0 o3l Ve osliw SiE JIs
C
a
4 a
c
2
3§38 3
32 :
3% o
3> c
5E
35 1
" c
Y g d
= 0
control |sand paper 5| sand paper blade scalpel
10
Ll 0 esliw Veoesliw Sk SIS

Gl 48 I3 513 0Lt Sl s Aoy S0k d e

8l ol (s il o) dals slajsles 53 (i S
wly T Giadler 428510 50 Sl wosleu b jleg clin 3
Ol S (5 b A sl Aoy DYV 5 VD
S8 2 e (SIS L Bl Sae ik,
Ly eopomen (A JS8) o sls toy S Lh ol
ey (SO (2 il slae g il 5l e
dsodalie 3kl S5l 4l Siale nSole S
ks d s S asdis i3 y5 45 ) skiles (B-D-Y S 2)
I Db i g bl (s iy ey iy S
o S5 a0 s (g S g 40) 0 56 508 51 ol 0
(Mattana ﬁ@qu)cjf,@juﬁdlﬁ&}s
.k.;f u_ﬁ“ﬁ.e ;.;ljs-j@TJ\g.& Jg;wg.etal.,ZOZZ)

B 4 a
b
3
S
332 d
g 3
5
a1l
e c
0 |
control | sand paper | sand paper blade scalpel
5 10
Al 0 esliw Veooslin S JIs
D 14
a
12 b
. 310
AT
.3 >
2 8
N 2
HE 6 c
? £
~NE 4
Y5 d
O 2 e i
0
control |sand paper|sand paper blade scalpel
5 10
sl 0 osliw Ve osliw SiE uicen]

(A S 26 G381 dops p als Sl (Su b oA e e, - S
s RS 5 D) 3l 5555 (C) el 4y o Kike «(B) & e
I o b gl me gl Lo 53 D Jlaz | elas Sl sasT b &S 2te o slls GO 2w
Figure 1- The effect of various methods of physical scarification on final seed germination percentage (A), Peak value
(B), MDG (C), and germination value (D), of kenger seeds

The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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Figure 2- The effect of various methods of physical scarification on length of seedling
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The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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Table 2- The analysis of variance related to the effect of various methods and different diurations of chemical
scarification on seed germination indices and seedling length
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Figure 3- The effect of various methods and different diurations of chemical scarification on final seed germination
percentage (A), Peak value (B), MDG (C), and germination value (D), of kenger seeds

The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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Figure 4- The effect of various methods and different diurations of chemical scarification on length (A),
and vigor index (B) of kenger seedling

The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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Figure 5. Interactive effect of boiled water (0, 60 min) and freezing (0, 1, 2, 3 days ) on final seed germination
percentage (A), Peak value (B), MDG (C), and germination value (D), length (E), and vigor index (F)
of kenger seedling

The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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