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1. Seed priming
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2. Desiccation
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3. Time to 20 % of germination based on seed population
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Table 1- Analysis of variance for germination percentage, germination rate, normal seedling

percentage, seedling length and dry weight of safflower seedling under priming, controlled
deterioration and heat shock
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Coefficient of variation (%)
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* and ** indicate significance at 5 and 1 % probability levels, respectively.

5 (o) Jhie O b Co s e (3lueslel iy slasdy 55 Colu A Ss s Sl S o Jlgs e o

YVO 5 XY/ s & itilsm b cdeoya)F 5 )0 Olpe & 3alsm doss [l el dd (el 05y 50
510 Olpe 4y 1y oanb amalS Ao Dsarsn b5 (o) ki O L Lasdy (3laesbel iy oo 5 45 S Aoy
L oanolie 53 Loy TV/AY 5 YANVA 1 amealS it O3 5 doun VY0 5 VA/SY Ol a0 |y aealS Jsb o s Yo
AY) S8l Aoy 5ledd L;)'meuiuiﬁ Glaod bacolie j dald glas s (Jlss 55, ¥ sled 5 disls )3l dals
aalS Jsb Lol czsls 6 V0 (s Vi/AY) b aaealS doys 5 (Cole 5 /0 YY) Shailer Co e (Ao
Jelse 51 a3 IS b () IS8) s Uls 1 5ol (05 Joe O/1F) aealS i 055 5 (o oo 04/TY)
35m Dlio 51 S a sl el ol Sas 0bes il 5 Ogessn 5 (o) Shie CT L (luesbl iy b
ol sy s ¥ sled 53 58 s e Jolm S b Gladley cpw OGN s)lge (S p g0 &S L 8 S n)
b (do)s YANY) ab azalS dons ((Cole 5 /0 A) ol Co o (Ao s YO) Sidle Aoy cdals
S+ ol glueslel iy glasds b aslie 53 6 VL (p 8 e O/7) azealS it 035 5 (o ks O) azealS
2 ) Gl s (M3 YO) Siail g Ao o SVL oIy 5s T sled L3 comamen Lo g Sla 5 5 G0l
Sl 53 (¢ 5 oo ¥IT) amal S 035 5 (o oe 1) aomnl U (0o 1Y) b 4l Ao (el



53 Osern Lok (lueslel ji sy 53 5 el A S5l Sas sl 3 (o) e O L el (ilueslel iy
() JS8) A sdalin (p 8 oo Y/AY) coll ¥ 51> S Jles

S (lwesbel i 31 e glasles Olssar SOl S s 8 Ll 5 55 iash opl 5l Jol- = ol
JS5) 35 sbmeslal i 05 slasdy 31 2t et (s3leslal iy slasdy 3 azalS wiy 5 S3aler Sl rals
Walis 5 Il daded O sanl eS| o 51 pliowd 5 S plte ¢ Jshor Cilises Sl i b LA s (IS 5 sba ()
Gl LSl LAY DS e sl S (655 Sl e Sl 5 Sl ol en 155 5 st s RNA s 5l DNA
e ol 51 il aie] gl O sl dnST U Jad o ol S 45 353 o 55 Sl L2alS Esl L
o305 o3l La il an (gilweslal iy b 53 a8 ol&in L(VY) Al o 0,83 (glaLdy Jlgs gy 5 S by 5 kS
5> e S sl s e La i 0 SSCis 5wl SEalS st (Sl 4 ool S Ol O 555
Ldal Jye el (_;J'L.MJL»TUL:_; sl ols, il el fals s Wil 5 e ol (F) 55 5 e ol el
il el g5lweslel i lasde jes Jgb OS5 o 038 SKat o, 55 Glwosbel i slas @ ates (Jl> oyl
YY) sl

Srn el (a3 5a5 o) sy 0k sl 53 S Slaesbel i 5l oy dolBdly S0l S5 Sl Jlesl
O slass iy cilmes glaes s 5535 L Ll s (g3lmaslal i Oy glasdy 4 ol 0t (3luesle] S (slas
Ssd sles Sl estizal gy ol LV IS2) Loy Slaso V0 aalS a5 Sl b 5l gslueslel iy
Sl 53 Jles 5as Y s v bl s amalS wsy 5 Soaler B s Sl Coll A Sl 4 S5l
YooY oo s adl s Gl Sud S Gladles b oaglie 53 005 5 (o) Jhie ST L el (g3lueslel iy
Jﬁ.i) Sl (g g L;\)KSQ,&L&Y' e ay SOl S g Al Sl Lsns L;)-m;uiu:ﬁ slasds ¢l dlss 5
Slass Jaw 5 48 s (Sl 0 Jood) sor b 0 by e (sl eadlSe (slls 0 (g3luoslel Sy (slads 31553 .0)
O3ls s 3l ol (3laesbel iy 5 slasdy 53 45 ad esls 0L e Ol (F0) 353 e (3lmeslel iy
5 1Y) Sl ol a8 5T o 5T e 2alS 5 aadliss Ol mem cazaltl oo e A L jas b
SRIB Gk Sl ol Sad S sl Ol S8 xS glasd ses Jsb 5 kS 5 ol Sd S anlas (VY
ol (Gilweslel Jiw byl s Jgb sl Esl (HSP) sl > Sud lansis o L ks e sl MRNA o
5 HSP) ol Sud glagtis, g0l Cigs, e Bl 55 Law gl oo (F) wi (S dar S
S5l s Jsb 3 0l QU5 (FY) s Sinan 5y o Jsb b (HSPS) (S8 ol = S5 slatis
5 () DNA 380 sl play 0 pasein spa> b aS ol bad o 55 0085 oee 5 Slapieew 5 DNA L
OSHSP18.2 u> i i Ol 45 A sdalin 355 e o3ls 0L (FF) PIMT) 1l 5 ke L bl s b-Jl s 5
Ly sl oo il 31 Ol 5 das o ialS 15 (ROS) 035081 Jles L;m;;to,,: b S Js5 500 HSP G
» ROS 50w sdiasolis 8 ((F) A8 oo oal b Syl Sud 5l Gy G sl S 3 0 28 JIg Sl
ol (5le 3 J b

(b 458lS Lo 5 G5l dos 3 @) il 25 W5 sSbuesbel iy Jols alesT Jalse 51 G 5a
St U3y 5 2alS Uk (b aalS (il Cs e (il Aoy ol alBan 5 S8 Llize ol
(sl Aoy als Cel iy C}la,.e <=L;3 05 Sl 5+ 6)[,,49:&]“;.,:; (Y Jsd) 55 Sl pms 30 azmalS
A Ol (Y ISE) A dals L anlie 53 el S 035 5 48l Jsb (b xalS do s ( Siailr Cs e

Sles Lo g b glasd sl ris et (gilweslal i slasd 53 Jlss enss dsb (il et S5 Slin 51 G s



(4,3 OA/FS)

j;E o ;ﬁ.»,lf 4:#5\._.5 S 039 9 J_,Jo g‘;'.::b A:’r.hl-_\.f ;u.'»jﬁ\ﬂ_,»' S gua'jn\.ﬂj:.- E-PT 6‘4’5 g"';Ll.)b @ -y J}.\»

6,-:.«‘ ‘J.ZJ K) J‘}J géjha:biui.:g
Table 2- Analysis of variance for germination percentage, germination rate, normal seedling, length
and dry weight of safflower seedling under the priming, deterioration and osmotic stress.
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Table 3- Analysis of variance for germination percentage, germination rate, normal seedling, length and

dry weight of safflower seedling under the influence of priming, controlled deterioration and seed drying
method.
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Figure 1- Germination percentage (A), germination rate (B), normal seedling percentage (P), seedling

length (T) and seedling dry weight (C) of safflower seeds under the priming treatments, heat shock and
controlled deterioration.
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Figure 2- Germination percentage (A), germination rate (B), normal seedling percentage (P), seedling
length (T) and seedling dry weight (C) of safflower seeds under the priming treatments, osmotic stress

and controlled deterioration.
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Figure 3- Germination percentage (A), germination rate (B), normal seedling percentage (P), seedling
length (T) and seedling dry weight (C) of safflower seeds under the priming treatments, drying method
and controlled deterioration.
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Investigating the effects of heat shock, osmotic stress and drying methods on the
viability of safflower primed seeds during deterioration period

Abstract

Background and purpose: In recent decades, seed priming has become a popular technique for
enhancing germination rate and uniformity in the field, as well as promoting better seedling
establishment and faster adaptation to adverse environmental conditions during germination and
seedling growth. However, the practical application of this method has been limited due to the decline
in seed quality and longevity associated with priming. Thus, this study aims to investigate the impact
of post-priming treatments, such as heat shock, osmotic stress, and drying methods, on the longevity
of safflower seeds under various deterioration periods.

Materials and methods: In this study, the seeds of the Sina cultivar were used. First, the seeds were
immersed in distilled water (hydro) and salicylic acid solution. After the completion of the imbibed
phase, they were subjected to heat shock treatments (1.5, 3 and 8 hours at 45 °C), osmotic stress (-1.5
and -2.5 MPa applied by polyethylene glycol), and two slow and fast drying methods. The treatment
without priming was also considered as a control. Finally, the seeds were subjected to controlled
deterioration for O, 2, 4, and 6 days at 45 °C.

Results: The results indicated that as the duration of deterioration increased, the germination ability
and seedling growth decreased. In the treatment where deterioration lasted for 6 days, the seeds died
completely. The decline in quality of primed seeds was more severe under the conditions of heat
shock and osmatic stress after priming, compared to the control seeds. However, heat shock (8 hours)
resulted in improved quality of the primed seeds compared to shorter heat shock durations. The
primed seeds with salicylic acid and distilled water (hydro) showed f 13% and 10% increase
compared to the control treatment, respectively. Applying drying treatments after priming, without the
use of heat shock and osmotic stress treatments, resulted in maintaining and even increasing the
germination and seedling growth of primed seeds compared to unprimed seeds at various levels of
deterioration. Both drying methods improved the germination and seedling growth of primed seeds,
resulting in greater germination and seedling growth compared to non-primed seeds.

Conclusion: In general, it is advisable to employ an appropriate method to dry primed safflower seeds
in order to maintain or enhance their longevity during the priming process and after the completion of
the soaking period.

Keywords: Controlled deteriorations Seed enhancement treatments, Seed longevity s Storage.



