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Table 1. The analysis of variance related to the effect of various scarification methods and stratification
levels on emergence indices and growth of Gundelia tournefortii seedlings
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Stratification x Scarification __eo_il,5 x ole jwdi> 12 311.41** 7.11%*
Error s 100 5.981 1.15

** shows significant differences at 1% probability level

bS5 50 o oS g Lol 2ol 5 sl )y
ooloyu ain ¥ L5 ol Jols moleye ain Ys)
Sbod e oSS 3 g oS azalS Jsb g j5els wo
@by 2in ¥ 5 ISl L Loy mo i3 (oS 5
s g Sl Qo y0 YOIF |y jaebs duo 0 oS 0y
s () JS) el oty o 1l 50 o 4zl S Jsbo
aS wo,S 5,155 oo (Vaisi et al., 2018) . Sea 5
booas asgtls S slody n molore Jlac!
Iy ol (pl Casyails iy g S3ale> slo aslis IS
Panahi ) el 5 ol ol mol38l o)l cae o o
Ooe> ol 9SG, 5algm a1 (e (@nd Arast, 2019
35,5 9l 1y g SIS s (Sueb gt SenE
a> 50 (wolopw 59, VF 5V ais S el pizmen 4
) oS cnl oass (2o 31,5 slaydy (Jjelex (6 St
39 o secslt Cllas Lo glaasil b ol a5 ol 2yl
oyd posbre plopediz waa VB Gdow ()l
g2 (W8ld 09)5) ould (B S5 sla)ds azalS el
Co S s ply Jled code Sl clla (ghls pxe
Slyy @ols olS o osbye polops g s
L 25,5 S 5 s g (Ghanbari et al., 2018)
Rezwani etal., ) _i>g Jo,5 ;0 2ol g ool
Gl % (S 5 Sard Sl eSo sl (2013
el 00 15 5 LS
S Ol 5 g 5d gy (RO Sy 5]
g 5SS azalS w9 b

slas ol Hlas pgo iolesl sloosls il g a3
2% @ sleogd elgl Jlite Sl (izen g ool
aalS w5 b sleasls » &5l SleS 5 elgil
(V992 392 Jlogine s yo s b o ghaw o0 XS

oY

a0 ) Jlaisl maw (o gl (gomes

)..\.u as (M wy G\.H...u) 449.'[; J9_....'l5 )l LJ..A>l.‘> W
5 S8l Sln 658 e Sy ey Sl w8 S 0,
(Mattana et al., 2022) &S o Joe azais, 79,5
Sopd Olgd (SIS L T G s pena
OIS‘QI 9 o.); c\...l.c wy u.)‘ éulia u.agl.n.n Lv Ja.«.ljc
S i8lez Ami ;o 5 WS oo el 2 ) Al jlazats) 7o)
D23 oo Syt |y (S35 S

09,5) PIF 0% 45 ol Gl (izmen i
9098 22,8 p ogbye ploywdiz aia VI (sald
L Ll il glo gime Sl ooy )5S azalS wi,
(blie jo 0l 7 giailex aeyo Vo aoleyw atan Y
Jsb 5550k 02y (I3 (Gre 9> 53 55 b om0l
o fSen b oad oo il sloydy | ol azals
ols v 1y oolw g SISl (59,000 0T coa s
sb 5 ssib oy gaslosm wsllae 5101 US5)
o A4S WS o dwl cdd o il > sla,ds azalS
el (St g9 5 o (SR S L0 Sl
Slansd 555y 457 b S 5 Sl (slasend
Sloseyse Slyme Jall b rizen 9 byl o
odg roldl blie o g dwwl ool Jie ous,la;b
St Sl Cwsl ana) ol Obsy 5 Gl
(Bewley et al., 2013; et al., 2019

9 Gﬁéu»‘)} aliseo (_gl.ﬁos_‘.w JJLQ.A.Q ).1| 3y
Qo) oy pden a5 ol plis ole s alite Zslaw
Loond a3 5 slayd sln azals Job s b
A ade VL JISLI L g colw 5,0 aSTy,



(FAETNNVF+ YV pgus oyl Joms Jlo /]l 3y oliies 5 pole Gz 5 Tgas

A 90 - m0 m1 m2 m 3weeks cold stratification
(6]
g
1<
n 8
32
@ 3
B
(=2}
>
IS
[«5)
sels 2o S lS g ool Js O3 Sl
control hypochlorite sand paper scalpel H202

B m0 m1 ®m2 m 3weeks cold stratification a
% ~_—
u &
i 5
T2
3 =
;]O 5
1 »

o S ylS g ool Js 039,42 ST
control hypochlorite sand paper scalpel H202
~azaLS (B) Jsb 5 (A) y5a w030 52 otlo pusiiv ilizho - ghaus 3 5y diwgy (A5 (slooguds glgil 1-1 S5

>y JUSL T
Q5 02 b (gl cire Sglds oy O Jleis| g 50 (S5l (ygesl b S e g gl slagygie
Figure 1. The effect of various methods of seed scarification and stratification levels on emergence

percentage (A) and length (B) of Gundelia tournefortii seedlings
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 scarification methods and nitrogenous
compounds on emergence indices and growth of Gundelia tournefortii seedlings
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Table 3. The effect of various methods of seed scarification and nitrogenous compounds on emergence
indices and growth of Gundelia tournefortii seedlings
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The same letters per each column 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 seed scarification and nitrogenous compounds on emergence

percentage (A) and mean time of emergence (B) of Gundelia tournefortii seedlings
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 3. The effect of various methods of seed scarification and nitrogenous compounds on shoot (A) and

root (B) length of Gundelia tournefortii seedlings
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 4. The analysis of variance related to the effect of various stratification levels and sodium
nitroprusside concentrations on emergence indices and dry weight of Gundelia tournefortii seedlings
grown from seeds scarified by scalpel
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Table 5. The effect of cold stratification and sodium nitroprusside concentrations on emergence indices
and dry weight of Gundelia tournefortii seedlings grown from seeds scarified by scalpel
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The same letters per each column 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 cold stratification and sodium nitroprusside on emergence percentage (A) and

mean time of emergence (B) of Gundelia tournefortii seedlings grown from seeds scarified by scalpel
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. The effect of cold stratification and sodium nitroprusside on dry weight of Gundelia tournefortii

seedlings grown from seeds scarified by scalpel
The same letters indicate non-significant differences between treatments according to Duncan’s multiple range tests at P<0.05.

RS GOV PRV W3 S VL BV S e PR X Do
o painz 005 o ends g 050 co (So59lg 58
by g 5t (il 50 SOy BT aulg g s mads 9

Byl by KS azalS

& 5 Ak

9 KIS o)k oS aad oo (LA oSl s
O 9 Wt (S0 58 9 (S Gglg e g 95 90 syl
s 3 Sl b gy B o] sl o
Ao, MO L Lo,ss a col adn ¥ Coedy oolopu
0,90 azsliz Lol led oo Su 20 | olS” cl )do (95els>
e b moloyw ploy 0,5 ail 5olieS oole
aalS ul; 5 Gialsr Sl Jyax slp wlagpg s
el 23y

s.?‘é)..\s 9 ,S.m; y
ool e iy sl 5,5 s oSl 5 oy

Jores 5 ab)l ol )5 asliplly B o Giags
sl wsSads oS il L]

gdise (6Kl 3,5 s

oS g SIS oad B AP slayd (59 095 Cote
3 0550 BT 8o 50 (BB psbans (omoloyus GY5b
39 d9den Mg Sy KIS Hh Ol CuSs
ST S 5 Sy lsieds dylusg g 5 ordes 0 2)l8 ds
el ol j0 0, g 310 WS S s suss
b1 S 0y Sl e a5 e 3
Oz giedy] g s (sloyd )3 Gl wdiiz 0j50 (b 4o
Bethke et al., 2009; Ciacka et al., ) s s 5454 55
Seogiiyn adllae S (2019; Debska et al., 2013
as ols slas (Arc et al., 2012) ) )\Seo 5 ST aliwys
2l slbie pomisn o8 (olo iz 5 SIS L LS
ol a5 Cel T e a5 5,5 sl gl T
ol o o] oS oo Joe stolie pandlSe b La Lo
gl 50 Slsd Slml b Gl 5 (ooleyw jlod 59 2
eyl cllad daintisy dez s 3l G b iy,
Y 3PIE S o0 S )y plBS aie j0 1S 50
bl (el 1y syl Syl s 9 5y (S3alsz g1
Amooaghaie ) _asle,w s 9o o 356 omes
<SS s 9 @nd Ahmady, 2017; Yang et al., 2019
(Krasuska et al., 2015; Nagel et al., 2018) o, L.51

Sl S ] s 20lS 5 pem Fgn SO 20 50
o Jletnl olsfice eonlpl conl sad L3l Ly o



(FAFTINVE -V pgu ol /o Jlo [0yl 5l ko lisiss o pgle ydy ol 3

&bw

Amooaghaie, R. 2007. The effect of moist chilling, temperature and nitrogenous compounds on
germination of Ferula ovina seeds. Journal of Agricultural Science and Sustainable Production,
16(2): 159-169. (In Persian)(Journal)

Amooaghaie, R. 2014. The effect of some hormones and nitrogenous compounds on capacity, velocity
and synchrony of germination of Zygophyllum atriplicoides seeds under salinity stress. Journal of
Plant Research (Iranian Journal of Biology), 24(4): 465-475. (In Persian)(Journal)

Amooaghaie, R. and Valivand, M. 2015. The effect of duration of moist chilling, concentration, type
and application time nitrogen compounds on seed germination and seedling growth of Kelussia
odoratissima Mozaff. Journal of Plant Research (Iranian Journal of Biology), 27: 465-477. (In
Persian)(Journal)

Amooaghaie, R. and Ahmady, F. 2017. Triangular interplay between ROS, ABA and GA in dormancy
alleviation of Bunium persicum seeds by cold stratification. Russian Journal of Plant Physiology,
64(4): 588-599. (Journal)

Amooaghaie, R. and Rafeie, A. 2024. The effect of various scarification methods, He-Ne laser and
sodium nitroprusside on seed dormancy breaking and the growth of myrtle (Myrtus commnius L.)
seedlings. Iranian Journal of Seed Sciences and Research. (Accepted)(Journal)

Andryka-Dudek, P., Ciacka, K., Wisniewska, A., Bogatek, R. and Agnieszka, G. 2019. Nitric oxide-
induced dormancy removal of apple embryos is linked to alterations in expression of genes encoding
ABA and JA biosynthetic or transduction pathways and RNA nitration. International Journal of
Molecular Sciences, 20(5): 1007. (Journal)

Arc, E., Chibani, K., Grappin, P., Jullien, M., Godin, B., Cueff, G., Valot, B., Balliau, T., Job, D. and
Rajjou, L. 2012. Cold stratification and exogenous nitrates entail similar functional proteome
adjustments during Arabidopsis seed dormancy release. Journal of Proteome Research, 11(11):
5418-5432. (Journal)

Asadi-Samani, M., Rafieian-Kopaei, M. and Azimi, N. 2013. Gundelia: a systematic review of
medicinal and molecular perspective. Pakistan Journal of Biological Sciences, 16(21): 1238-1247.
(Journal)

Badeli, S. and Zarei, H. 2018. The effect of different treatments on breaking dormancy and stimulate
germination of Firmiana simplex. Iranian Journal of Seed Science and Technology, 7(1): 167-179.
(In Persian)(Journal)

Bethke, P.C., Libourel, 1.G., Reinohl, V. and Jones, R.L. 2006. Sodium nitroprusside, cyanide, nitrite,
and nitrate break Arabidopsis seed dormancy in a nitric oxide-dependent manner. Planta, 223: 805—
812. (In Persian)(Journal)

Bethke, P.C., Libourel, 1.G.L., Aoyama, N., Chung, Y.Y., Still, D.W. and Jones, R.L. 2007. The
Arabidopsis aleurone layer responds to nitric oxide, gibberellin, and abscisic acid and is sufficient
and necessary for seed dormancy. Plant Physiology, 143: 1173-1188. (In Persian)(Journal)

Bewley, J.D., Bradford, K.J., Hillhorst, HW.M. and Nonogaki, H. 2013. Seeds: Physiology of
development, germination and dormancy (3" Ed.). New York, Springer-Verlag. (Book)

Ciacka, K., Krasuska, U., Otulak-Koziet, K. and Gniazdowska, A. 2019. Dormancy removal by cold
stratification increases glutathione and S-nitrosoglutathione content in apple seeds. Plant Physiology
and Biochemistry, 138: 112-120. (Journal)

Ciacka, K., Staszek, P., Sobczynska, K., Krasuska, U. and Gniazdowska, A. 2022. Nitric oxide in seed
biology. International Journal of Molecular Sciences, 23(23): 14951. (In Persian)(Journal)

Debska, K., Krasuska, U., Budnicka, K., Bogatek, R. and Gniazdowska, A. 2013. Dormancy removal
of apple seeds by cold stratification is associated with fluctuation in H.O,, NO production and protein
carbonylation level. Journal of Plant Physiology, 170: 480-488. (Journal)

Farhoudi, R., Modhej, A. and Motamedi, M. 2021. Evalution of Arctium lappa seed dormancy breaking
methods. Iranian Journal of Seed Sciences and Research, 8(2): 161-175. (In Persian)(Journal)

Finch-Savage, W.E. and Leubner-Metzger, G. 2006. Seed dormancy and the control of germination.
New Phytologist, 171: 501-523. (Journal)

Grzesik, M., Gérnik, K., Janas, R., Lewandowki, M., Romanowska-Duda, Z. and Van Duijn, B. 2017.
High efficiency stratification of apple cultivar Ligol seed dormancy by phytohormones, heat shock
and pulsed radio frequency. Journal of Plant. Physiology. 219: 81-90. (Journal)

4



(FAFYNNVE -V gs 0)lad [ Sl [l iy liins 5 psle Gz 5 Tgas

Ghanbari, M., Modarres-Sanavy, S.A.M. and Mokhtassi-Bidgoli, A. 2018. Germination characteristics
and seed activity of enzymes of different landraces of Indian cheese maker (Withania coagulans) in
response to sodium hypochlorite and pre-chilling. Iranian Journal of Seed Research, 5(1): 119-135.
(In Persian)(Journal)

Kepczynski, J. and Sznigir, P. 2014. Paticipation of GAs, ethylene, NO and HCN in germination of
Amaranthus refroflexus L. seeds with various dormancy levels. Acta Physiologiae Plantarum, 36:
1463-1472. (Journal)

Krasuska, U., Ciacka, K. and Gniazdowska, A. 2015. Nitrosative door” in seed dormancy alleviation
and germination. Reactive Oxygen and Nitrogen Species Signaling and Communication in Plants,
23: 215-237. Retrieved November 24, 2014. https://link.springer.com/chapter/10.1007/978-3-319-
10079-1-11.

Kwon, H.J., Shin, S.L., Kim, Y.R. and Kim, S.Y. 2020. Effects of temperature, gibberellic acid, and
KNO; treatments on seed germination of the wild plant Maesa japonica. Seed Science. Technology,
1: 65-72. (Journal)

Liu, J., Xue, T. and Shen, Y. 2019. Effect of nitric oxide on seed germination and dormancy in empress
trees. HortTechnology, 29(3): 271-275. (Journal)

Liu, X.Y., Deng, ZJ., Cheng, H.Y. and Song, S.Q. 2011. Nitrite, sodium nitroprusside, potassium
ferricyanide and hydrogen peroxide release dormancy of Amaranthus retroflexus seeds in a nitric
oxide-dependent manner. Journal of Plant Growth Regulation, 64: 155-161. (Journal)

Mattana, E., Gdmez-Barreiro, P., Hani, N.Y., Khaled Abulaila, K.H. and Ulian, T. 2022. Physiological
and environmental control of seed germination timing in Mediterranean mountain populations of
Gundelia tournefortii. Plant Growth Regulation, 97: 175-184. (Journal)

Mondani, F., Jalilian, A. and Olfati, A. 2018. Efficiency of chemical and mechanical priming in breaking
seed dormancy and germination traits of Malva (Malva neglcta). Iranian Journal Seed Research, 5(1):
55-70. (In Persian)(Journal)

Mousavi, L., Wan, I., Wan, R. and Mousavi, M. 2019. Evaluation of physicochemical methods for
dormancy breakage and germination of Datura stramonium seeds. Journal of Chemistery. Health
Risks, 9: 217-224. (Journal)

Nagel, M., Algudah, A.M., Bailly, M., Rajjou, L., Pistrick, S., Matzig, G., Borner, A. and Kranner, I.
2018. Novel loci and a role for nitric oxide for seed dormancy and preharvest sprouting in barley.
Plant Cell Environment, 42: 1318-1327. (Journal)

Panahi, F. and Arast, M. 2019. The effect of different treatments on seeds dormancy and germination of
Gundelia tournefortii. Iranian Journal of Seed Science and Research, 6(3): 347-358. (In
Persian)(Journal)

Rezwani, H., Asghari, J. and Ehteshami, S.M.R. 2013. Investigation of prechilling and scarification
(chemical and physical) treatments in break of wild mustard (Sinapis arvensis) seed dormancy.
Iranian Journal of Seed Science and Technology, 2(2): 147-159. (In Persian)(Journal)

Tiwari, A.K., Tiwari, T.N. and Prasa, S.R. 2016. Seed dormancy in ornamental plants: A review. Indian
Journal of Agricultural Sciences, 86(5): 580-92. (Journal)

Vaisi, G., Mohtadi, A. and Moradi, A. 2018. The effect of different treatments on seed germination and
dormancy breaking in seeds of (Gundelia tournefortii L.). Nova Biologica Reperta, 5(1): 26-37. (In
Persian)(Journal)

Yan, D., Easwaran, V., Chau, V., OkamotoM, .M, Kimura, M., Endo, A., Yano, R., Pasha, A., Gong,
Y., Bi Y-M Provart, N., Guttman, D., Krapp, A., Rothstein, S.J. and Nambara, E. 2016. NIN-like
protein 8 is a master regulator of nitrate-promoted seed germination in Arabidopsis. Nature
Communication, 7: 13179-13179. (Journal)

Yang, B., Cheng, J., Wang, J., Cheng, Y., He, Y., Zhang, H. and Wang, Z. 2019. Physiological
characteristics of cold stratification on seed dormancy release in rice. Plant Growth Regulation 89(6):
131-141. (Journal)

Zare, A. 2019. Effects of cold stratification and chemical scarification duration on germination of
Cotoneaster nummularioides Pojark. Journal of Plant Research (Iranian Journal of Biology), 32(2):
353-362. (Journal)

#Y


https://www.researchgate.net/scientific-contributions/2156999857-Yongbao-Shen?_sg%5B0%5D=9Padg8ebb_qhNGC7WwWzjF99t6UqFBuVWNNf5-HtGNw3vyjziErizEvMv1RzcV7cEIBZce4.veAkVJtjmUQnqtPYX--png8hbX6_j8SjfiuXWUJbV9akvkTRKlfkSiIyHU5TnjYzt5wlJT4csJ0h9xg-eZln0g&_sg%5B1%5D=myPKYPzAzYwI_3C0Ag037OlRHSoVeq7FaUTOLKpnXRxGAiZ1ZLcs_3HMhrBS7nzl6Idf9aw.xeyDA5SNtlZtdJ1l1LZv9zzeA-Bs9WpeZrnDTHQkGgDuKumrnuaffaImR3-PDhqSFDQu1Gpx6mTfnY82PEn3dw

Impact of seed scarification,............. Iranian Journal of Seed Science and Research, Vol. 10, No. 3, 2023(49-63)

Impact of seed scarification, pretreatment with nitrogenous compounds and cold
stratification on emergence percentage and growth of Gundelia tournefortii L. seedlings

Reyhaneh Amooaghaie®?*, Abolfazl Khodadadi

Received: September 27, 2023 Accepted: January 7, 2024

Abstract

The propagation of Gundelia tournefortii L. via seed faces certain problems due to the strongly
lignified disseminule from secondary capitulum. Therefore, in this study, in first, the interaction of
chemical and mechanical scarification (Control, sodium hypochlorite, H,O,, scalpel and sand paper for
10 min) with cold stratification (0, 1, 2, 3 weeks) or nitrogenous compounds (control, thiourea, nitrate,
sodium nitroprusside) on seed dormancy breaking were investigated in two separate factorial
experiments. Results showed that all scarification methods significantly increased emergence
percentage and growth of seedlings and the interaction of scarification methods with stratification or
nitrogenous compounds on these attributes was significant. In the first experiment, the highest
emergence percentage (75.6 %) and length of seedlings (22.4 cm) was gathered in treatment of seed
scarification by scalpel + 3 weeks cold stratification. In the second experiment, the maximum emergence
percentage (65.6 %) and length of root (10.2 cm) and shoot (8.1 cm), and minimum mean time of
emergence (11.5 days) of seedlings, was obtained in treatment of seed scarification by scalpel and
applying sodium nitroprussid (SNP). In third experiment, the impact of combined application of SNP
and cold stratification was assessed on dormancy breaking of seeds scarified with scalpel. Results
showed that the application of SNP reduced duration of cold stratification required for obtaining the best
emergence indices and maximum dry weight of seedlings. These results indicate that Gundelia
tournefortii seeds have physical and physiological dormancy and can achieve the highest percentage of
emergence (85%) and the lowest average emergence time (8.5 days) by treatments of scarification with
scalpel and then cold stratification or SNP treatment.

Keywords: Hypochlorite; H.O2; Mechanical scarification; Seed dormancy breaking, Sodium
nitroprusside
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