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ABSTRACT

In order to evaluation the effect of seed osmo-jmignby polyethylene glycol (PEG 6000) on saffloyesr. Pdideh)
seed germination and seedling growth, a laboratexperiment was carried out at the Agronomy Depantra
Agriculture Faculty of Shahid Chamran Universityhvaz, Iran, during 2011. Seeds primed with four atfmn
potential levels (i.e. distilled water; QP-2 MPa; OPR,, -4 MPa; OR, and -6 MPa; OR) for 12 (Dy,), 24 (Dy4) and
36 (Dse) hours priming duration. Experiment was arrangedtbrial (4 x 3) in a completely randomized desigith
three replications. In this study, seed germinapencentage, germination rate, plumule and radlelegth, radicle
to plumule ratio, seed vigor index as well as plievand radicle weight were investigated. Our resghowed that,
all studied traits significantly affected by osneopotential levels except germination percentage atumule
weight. Also, osmo-priming duration had significaftect on all germination and seedling growth cweristic
except plumule weight. Plumule and radicle lengtie®d vigor index and radicle weight significardifected by
interaction of treatments. All studied traits dexsed by decreasing of osmotic potential levelsréfbee, ORs and
D35 had the most inhibitory effect on studied charasties. In general, results of present study sisggaat,
osmotic potential increasing and reduction of prigiduration could improve seed germination and Begd
growth parameters of safflower.
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INTRODUCTION

Safflower Carthamus tinctoriud..) is a member of the familgompositaecultivated for its seed, which is used as
edible oil. This crop was also grown for its floweused for colouring and flavouring foods and mgldyes. It is a
rich source of oil (35-40 %) and linoleic acid cemt (75-86 %). Safflower flowers are known to havenyna
medicinal properties for curing several chronicedises [1]. They are rich in vitamin A, iron, phospts, and
calcium [2]. In addition, it also contains a smathount of oleic acid, linolenic acid, flavonoidsniao acids and
polysaccharides [3]. Safflower is a highly branghleerbaceous, thistle-like annual, usually with ynéong sharp
spines on the leaves.

In recent years, a lot of research has been dortbeomvigoration of seeds to improve the germonatiate and
uniformity of growth and reduce the emergence toheome field crops [4]. Furthermore, the invigaatpersists
under less than optimum conditions such as salfBitySeed invigoration treatments such as hydioypg, osmo-
priming, hardening, matripriming and growth regafat have been successfully employed in many pdrtheo
world.
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There is different treatment for seed priming whigblyethylene glycol (PEG) is one of the most ptent

treatment. This treatment does not have any plogitdl responses to seed and in order to having mmaecular
weight cannot pass the cell wall and so it be dsedvater potential adjustment in germination expents [6, 7].

Osmoticums such as mannitol, polyethylene glycal andium chloride (osmo-priming) and in water (lo/dr
priming) has been reported to be an economicabplsimnd a safe technique for increasing the capatiseeds to
osmotic adjustment and enhancing seedling estaidishand crop production under stressed conditibhis. could

be due to faster emergence of roots and shootgrlowidence of resowing, more vigorous plantstdsedrought

tolerance, early flowering, early harvest and higirain yields under adverse conditions [8].

Ghiyasi et al. [9] demonstrated that, osmo-primiigZea mayd.. seeds with polyethylene glycol 8000 at -5 MPa
osmotic potential had the positive effect on emecge grain and biological yield compared with ottreatments.
Result of an experiment showed that, soybean seéedsprimed with -1.2 MPa osmotic potential and Hdlrs
priming duration had most progressive effect ondsgermination and vigor in compared with higher doer
treatments [7]. Golshani et al. [10] reported themo-priming at lower concentration could impraiee Oryza
satival.) seed germination and seedling parametersiignrésearch, -3 MPa osmotic potential had beésults in
compared with -6 and -9 MPa. In other experimeagdsosmopriming improve final germination perceatag
germination rate, seedling length and seed vigdexrof bersim clover and maximum invigoration obedrin seed
osmopimed at -8 MPa for 8 hours [11].

Therefore, the aim of present study was to evalnathe effect of osmopriming by PEG 6000 with difet
concentrations and priming duration on safflowedsgermination and seedling growth.

MATERIALS AND METHODS

A laboratory experiment was carried out at the Agray Department of Agriculture Faculty of Shahida@tran
University of Ahvaz, Iran, during 2011, to evalaeatithe osmo-priming effects on safflow&@afthamus tinctorius
L.; cultivar Padideh) seed germination and seedijrayvth. The experimental design was completelyloanized,
with three replications. The treatments were aredrig a 4 x 3 factorial design.

For this purpose, initially seeds sterilized witthanol 5% for 30 second and then maintained in usodi
hypochloride 1% for 10 min. Then seeds washed digtilled water and dried between two paper tow8tsrilized
seeds primed by different polyethylene (PEG 60@9ls or osmotic potentials (i.e. distilled wat®R,, -2 MPa;
OP,, -4 MPa; OB, and -6 MPa; OR) for 12 (D), 24 (D.y) and 36 (Re) hours priming duration. After priming,
seeds were washed with distilled water and themddi20 seeds from each of the treatments were ¢piac® mm
diameter petri dishes on whatman filter paper tias moistened with 10 ml distilled water, and tipetri dishes
were maintained in a germinator at 25 °C for geation. Germination progress was measured dailytabdurs
intervals and contained for 7 days. Germination wassidered when the radicles were 2 mm long. Final
germination percentage, radicle and plumule ler(gtim) and weight (mg) were measured after the 7th da
Germination percentage [12], Germination rate [48Yl seed vigor index [14] were calculated accordmghe
following formula:

Germination percentage (%) = (Number of germinatsstls / Total number of seeds) x 100

Germination rate = Number of germinated seeds s@dyirst count + ... + Number of germinated seefsys of
final count

Seed Vigor Index = (Plumule length + Radicle lepgtlsermination percentage

The data collected were processed by analysis dn@ (ANOVA) and analyzed with SAS software amarts
were drawn using Excel program. Then treatment si@gre compared using the least significant diffeee(LSD)
at 5% probability levels.

RESULTS AND DISCUSSION

Germination percentage

Statistical analysis of variance results (Tabled@nonstrated that, safflower germination percentageificantly
affected by priming duration (p < 0.01). In contrathis trait not influenced by osmotic potentiavéls and
interaction of treatments. Mean comparison of geatidn percentage showed that, this trait decrebgéacreasing
of priming duration from 12 to 36 hours (Table But, had no significant differences frompJio Dss (Table 2).
Therefore, the highest (92.5 %) and lowest (71.35@&tmination percentage obtained by Bnd g, respectively
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(Table 2). Also, result of Figure 1 indicated thhts trait not affected by various osmotic potahliévels. Sadeghi et
al. [7] reported that, soybean seed germinationifsigntly affected by osmo-priming duration. 24un® priming
duration had the most inhibition effect on germioafpercentage as compared with 6, 12 and 18 hBeduction in
germination percentage by the effects of PEG 6089 be due to decrease in water potential gradimoing seeds
and their surrounding medium adversely affects sgeminination percentage. Thus, the mobilizationstfred
reserves and synthesis of proteins in germinatinigrgos are not able to begin subsequent growthegsss [15].

Germination rate

Analysis of variance results indicated that, geation rate significantly affected by osmotic potehtevels and
priming duration at 1 and 5% probability levelsspectively (Table 1). In spite, interaction of treants had no
significant effect on this trait. Trend of germiicett rate changes under different osmotic potemtiatls revealed
that, This trait had no significantly affected bgcdeasing of osmotic potential levels from 0 toMRa. In spite,
decreasing of osmotic potential from -4 to -6 MRaised significant decrease in germination ratecddfse, no
significant differences observed between @RAd OR; (Figure 2). So that, Maximum (12.85) safflowermgaration
rate observed in QRwithout osmotic potential) and minimum (10.45)ueaobserved in O (Figure 2). Also,
evaluation of different osmo-priming duration releehthat, this trait was significantly decreasedifgreasing of
priming duration from 12 to 24 hours. But, increasof priming duration from 24 to 36 hours had ign#icant
effect on this trait safflower seeds that primedhb2rs (Q,) had the highest (13.86) germination rate and @6
priming duration (Is) had the lowest (10.0) germination rate (TableAZcording to the results of Mubshar et al.
[16], osmoprimed seeds exhibited germination mateomparison to non-primed seeds. Osmopriming tefeseed
water absorption during germination. So that, #edsbefore being placed on their bed, it will absmater. Then,
metabolic reactions of germination are startedsTéads to the synthesis or re-activating enzymes#fiective in
germination. In addition to, gene expression amdt®sis of nucleic acids before planting are begiese series of
reactions are leading to improved germination ahpd seeds [17].

Plumule length

Based on statistical analysis results, plumuletlesignificantly influenced by osmotic potential/éds (p < 0.05),
priming duration (p < 0.01) and interaction of treants (p < 0.01). Investigation of plumule lengtider different
osmotic potential levels showed significant deceeas affected by decreasing of osmotic potent@hfr4 to -6
MPa (Figure 3). Highest (49.46 mm) plumule lengbitained by OpF and lowest (39.87 mm) value for this trait
observed in OR. Also, plumule length increased by increasing grho-priming duration from P to D,, and then
significantly decreased by increasing of primingadion to 36 hours (8) (Table 2). While, s had the most
inhibitory effect on this plumule length. Interamii of treatments showed that, ©QRontrol) with D, cause
maximum (54.55 mm) plumule length, whileggvith OPg cause minimum (12.18 mm) plumule length (Figure 9)
Kadkhodaie and Bagheri [18] reported that, osmaoipgy leads to the significant increase in the pllentength and
plumule to radical ratio in the linseed seeds. Adiow to the obtained results on examining seeatrrent and
drought stress, significant hydro-priming treatingaosmo-priming with germination percentage aae features
and plumule length can be the result of quick watesorption in hydro-priming seeds, and this predeghe seed
will be done with a more speed. As a result ofwlaer absorption cell dividing will be done with mospeed and
this will increase the germination percentage atel and radicle and plumule length.

Radicle length

Analysis of variance showed that safflower radiglegth significantly affected by osmotic potent{pl < 0.01),
priming duration (p < 0.05) and interaction of thé@P x D) (p < 0.01). Mean comparison results riagthat,
radicle length significantly decreased by decraasinosmotic potential from -2 to -6 MPa and saffés maximum
(46.14 mm) radicle length obtained in @Bnd lowest (30.1 mm) radicle length obtained iedsethat primed with
OPg, (Figure 4). Osmo-priming duration data showed,tBat and Qs hours had the highest (42.56 mm) and lowest
(35.82 mm) radicle length, respectively (Table QR, improved radicle length in compared with other o8m
potential levels (Figure 4). Interaction of treatit®indicated that, QRwith Dss improved radicle length and cause
maximum (49.47 mm) of this trait. Also, QRwvith Ds;g had the most inhibition effect on this trait an¢himum
(9.64 mm) radicle length obtained by this treatn{&ure 10). Basra et al. [19] reported the inseeaf radicle and
plumule growth of primed onion seeds in 7 daysraftaving and the primary seedling growth.

Radicle to plumule ratio

Analysis of variance (ANOVA) results showed thatdicle to plumule ratio high significantly (p < @)Gaffected by
osmotic potential levels (OP) and priming durat{®y). In spit, interaction of treatments (OP x Dih#o significant
effect on this trait (Table 1). By increasing ofraic potential from zero to -2 MPa this trait imoged from 0.9 to
1.3. Then by increasing osmotic potential froma2& MPa R/P significantly decreased and lowestdébRined by
-6 MPa osmotic potential. Maximum (1.03) radicleplamule ratio obtained by Ofand minimum (0.76) value
observed in seeds that affected by.JPigure 5). Also, this trait significantly decreasby increasing of osmo-
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priming duration from 12 to 24 hours and then daseel by increasing of osmo-priming duration fromt@46
hours. Therefore, 3 and B4 had the maximum (0.97) and minimum (0.76) radtolglumule ratio, respectively
(Table 2). Similar to our result, Neamatollahi et[20] reported that, root to shoot ratio decrelbg increasing of
PEG concentratiarAlso, in their experiment maximum and minimum rémshoot ratio were obtained at -0.3 and -
0.9 MPa, respectively.

Seed vigor index

The ANOVA results for safflower seed vigor indexosled that, this trait high significantly affecte¢ bsmotic
potential levels, priming duration and interactiointreatments at 1% probability level (Table 1)miar to other
traits, seed vigor index significantly decreaseddbgreasing of osmotic potential from -4 to -6 MBé.course, no
significant effect observed as affected by osmpbtential from 0 to -4 MPa. Highest (81.73) seegoviindex
observed in Ofand lowest (52.28) value obtained in QfFigure 6). Seed vigor index significantly decehdby
increasing priming duration. Maximum (86.21) anchimium (55.37) seed vigor index obtained by, Bnd B,
respectively (Table 2). Interaction of treatmertewged that, OpPwith D, and OR; caused maximum (92.67) and
minimum (14.83) seed vigor index. Rouhi et al. [Bigntioned that, vigor index was higher in the gdhseed with
-0.8 MPa of PEG 6000 for 16 hours was higher ingamd with other treatments.

Plumule weight

Analysis of variance results about plumule weigbhmdnstrated that, this trait no affected by osmpttential

levels (OP), priming duration (D) and interactidrtttem (OP x D) (Table 1). Also, no differencesetyed between
various osmotic potential levels (Figure 7). Theref this trait showed tolerance to increasing offyg@thylene

concentration and priming duration.

Radicle weight

Radicle weight was significantly affected by osmogiotential (OP), priming duration (D) and interant of
treatments (OP x D) (P < 0.01) (Table 1). Thisttsignificantly decreased with decreasing of osmettential
from OR, to OPR,. While, no significant differences observed amosgotic potential levels from Qfto OPg.The
highest (0.36 mg) radicle weight obtained in,@€bntrol) and lowest (0.28 mg) value for thisti@served in OF
(Figure 8). Also, evaluation different priming pedi showed that, £ improved radicle weight and caused highest
(0.36 mg) radicle weight. Also, safflower insdwith no significant differences with phad the lowest (0.27 mg)
radicle weight (Table 2). Investigation of osmapiotential levels and priming duration revealed ,thatOR, by
increasing of priming duration radicle weight inesed, while in other in other osmotic potentialelsy this trait
increased by increasing of priming duration from tb224 hours and then decreased by increasing infimy
duration from 24 to 36 hours. Similar to our res®buhi et al. [22] reported that, osmo-primingatreents had
positive effecton seedlings dry weight in all of tlevestigated Bersim clover species (primed andpramed).

Table 1: Analysis of variance results of safflowegermination and seedling growth as affected by
different osmotic potential levels and priming duraion.

S.0.V. d.f. Mean of square

GP (%) GR P length R length R/P Svi P weight R weigt
OoP 3 137.96° 9.4* 165.46* 467.04** 0.14** 1415.1* 01t 0.01**
D 2 1393.75** 55.22** 945.31** 136.41* 0.17** 2871.76 0.09" 0.03**
OP xD 6 34.49° 0.52¢ 345.87** 311.78** 0.02 628.1** 0.1¢ 0.01**
Error 24 129.55 3.11 43.47 30.66 0.41 2652.15 0.08 0.001

* ** ns, Significant at P = 0.05, P = 0.01 and maignificant, respectivelyl.f. degree of freedon$.0.V: sourece of variationGP:
germination percentag&R: germination rateP: plumule.R: radicle. SVI: seed vigor index.

Table 2: Safflower seeds germination and seedling gwth parameters as affected by different priming dwation

o P length R length P weight R weight
Treatment GP (%) GR (mm) (mm) R/IP Svi (mg) (mg)
D1z 92.5a 13.86 a 48.25 a 42.56 a 0.86 a 86.21a 1.39a 0.3b
D24 78.75b 10.32b 53.5a 39.33 ab 0.74 b 68.67 b 1.26 ab 0.36a
Dse 71.25b 10b 36.19b 35.82b 0.97a 55.37 ¢ 1.23b 0.27b

In each section, means followed by the same leitein columns are not significantly different (p0=05) according Duncan tebBt
priming duration (hours)GP: germination percentagéSR: germination rateP: plumule.R: radicle. SVI: seed vigor index.
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Figure 7: Safflower plumule weight as influenced by
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Figure 9: Comparison of safflower plumule length asnfluenced by different osmotic
potential levels and priming duration.
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CONCLUSION

According to the results, all studied traits sigr@ftly affected by osmotic potential levels excgermination
percentage and plumule weight. Also, priming doratiad significant effect on all germination anddiang growth

characteristic except plumule weight. Plumule aadiale lengths, seed vigor index and radicle wegidpificantly

affected by interaction of treatments. All studiesits decreased by decreasing of osmotic poteletigls. Results
of present study suggest that, osmotic potentiadegsing and reduction of priming duration coulgiave seed
germination and seedling growth parameters ofcaét.
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