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ABSTRACT

A laboratory experiment was conducted to inveséigdie effects of seed priming with salicylic acBA) on
germination characteristics of ajowan (Carum copti)under salt stress. The experimental design was lstetp
randomized design with four SA concentrations (00001, 0.001 and 10 mM), four salinity stress leye, 6, 12
and 18 dS.mM) and three replications. The seeds were soak&hisolution for 6 hrs, and after drying, were place
in Petri dishes containing 10 ml of NaGblution. For 21 days the germination traits wer®nitored and
germination percentage and rate, radicle and pluenigingths and seed vigor were measured. The reshubteed
that salt stress inhibited all of the germinatidmacacteristics measured. At high salinity (18 dSathgermination
traits were reduced to near zero even with SA apptin. Therefore, under such conditions seed priming@ivan
with SA is not recommendedlhe 10 mM SA concentration significantly inhibit@t the germination traits to
almost zero; therefore, it is not recommended fedspriming of ajowan. The 0.00001 mM SA conceotrat
significantly improved all germination characteitst of ajowan up to 12 dShmsalt stress level. Based on the
results of this study, seed priming of ajowan vidv concentration of SA (0.00001 mM) is recommendatker
non-saline and up to 12 dS’malt stress conditions.
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INTRODUCTION

The interest in medicinal plants for treatment afious diseases has grown widely throughout thddwdthe
production of medicinal and herbal plants in natisréow and does not meet the growing demand inwbed
market. In the other hand, the fertile agricultueadds are utilized mainly for production of fooddafiber crops.
Marginal lands such as salt affected soils, in wheemventional crop production does not produce@ueic yields,
maybe considered for economic production of highue@ medicinal and herbal plants [Balinity is a major
abiotic stress, especially in arid and semi-arghaof the worldlt is estimated that about 77 million ha of theatot
cultivated land areas of the world are salt affédie various degrees [2]. Salt tolerant medicinkan{s offer
promising opportunities for regeneration of rangdseand economic utilization of saline soil andexaesources.
Therefore, study on the salt tolerance of medicpplahts such as ajowarCdrum copticur)) is necessary for
appropriate production management of such plargaline environments.

Ajowan, a medicinal plant with white flowers and almbrownish seeds belongs to Apiaceae familys Mvidely
grown in India, Iran and Egypt [3]. The seeds, soahd leaves of ajowan has a wide range of usmditibnal
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medicine throughout the world. The seeds and ealbethe essential oil are strongly antisepticispasmodic and
diuretic [4]. It has been stated that ajowan hasigsalt tolerance [5].

There are two general methods for improving plamwgin in saline soils. They arehpsical methods such as
leaching salts from the soil and using a drainagstesn, and biological methods which are based amtpl
physiology to improve salt toleranfg]. Seed priming with various plant growth hormoneshsass salicylic acid, is
a common technique for increasing the speed arfdramity of germination and seedling emergence urstiesss.
During priming, the seeds are usually exposed textarnal water potential which is sufficient enbug prevent
germination, but let biochemical and physiologisadcesses occur before germination within the §ged

Salicylic acid (SA) is a naturally occurring plamrmone of phenolic nature that has diverse effect®lerance to
abiotic stresses [8]. Application of SA inducedetaince in plants to many biotic and abiotic streseeluding
fungi, bacteria and viruses, chilling, salinity,odght and heat [9]. It participates in regulatidnpbysiological
process in plants such as stomata closure, iokegtad transport, inhibition of ethylene biosynthgsanspiration,
stress tolerance, membrane permeability and photiossis and growth [8]. Significant reduction ofdative stress

in corn plants under salt stress by external agftio of 0.15 ppm SA has been reported [10]. Intfaeoreport, 1.4
mM concentration of SA improved salt tolerance arrc[11]. The effects of SA on physiological processes of
plants depend on its concentration, type of pléuet,stage of plant growth and environmental cooddj thus, it can
have beneficial or inhibitory effects on plant pioysgical processes.

Extensive areas of agricultural lands in Iran aa# sffected to various degrees. Successful gettinoimeand
establishment of seedlings are essential for ecanorap production in these lands. Consideringithygortance of
germination stage for successful production of ajown saline agricultural lands of Iran, it is nexary to study the
methods for enhancement of seed germination uradieity stress. Therefore, the main purpose of shisly was to
investigate the effect of different concentratiofisalicylic acid on ajowan germination and seeglitharacteristics
under salt stress. The results of this investigati&n be helpful in ajowan management and irrigaditoplanting and
germination stage, particularly under salinity s¢re

MATERIALSAND METHODS

This experiment was conducted at the Plant Phygolbaboratory of Shahid Chamran University. The
experimental design was completely randomized iiactorial arrangement with three replications. Tmeents
consisted of four salt stress levels of 0 (confr6l)12 and 18 dS.fnand four salicylic acid concentrations of 0
(control), 0.00001, 0.001and 10 mM. The pH of sdilicacid and control solutions were adjusted ta 6.

After disinfection, ajowaiseeds were immersed for 6 hours in every solutf@alicylic acid and control in the dark
at 25 °C. At the end of this period, the seeds wemeoved and dried. 15 seeds were placed on a ffideer in a
clean and sterilized Petri dish, and 10 ml of NaClution was added to cover the seeds. Petri dislere
transferred to a germinator set at 25 °C and 60&&ive humidity. They were inspected daily and thenber of
germinated seeds (>2 mm radicle) were counted.r&ftedays, the seeds were taken out of the Pethiedj and
their radicle and plumule lengths were measuredm@®eation percentage (GP), germination rate (GR) seed
vigor index (VI) was also calculated accordingtie following equationsi?].

:SLXGP

Ni
GP=—L GR=Zi— Vi Toc

N, N¢ and N are total number of seeds, number of seeds getedireand seeds germinate at the day i, respectively,
and SL is radicle length plus plumule length.

The data were statistically analyzed by MSTATC istatl software. The comparison between treatmertse
performed by Duncan's multiple range test (DMRT})%t probability level.

RESULTSAND DISCUSSION

The results of analysis of variance showed thateffects of salicylic acid (SA) concentrations,iisi#y stress and
their interaction on all germination traits measlmeere highly significant (Table 1).
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Table 1- Analysisof Variancetest resultsfor the characteristics measured in aj owan experiment

Source of variatio | df | Germination percenta | Germination ree’ | Radicle length (cn | Plumule length (cn | Seed vigc
Replication 3 109.7% 0.13" 0.02™ 0.08™ 8.51™
Salicylic acid (A) 3 710822.75 790.76 21.85 712.45 4050.57
Salinity stress (B) 3 78127.44 762.58 "7.76 " 4.46 71295.53
AxB 9 71598.96 712.01 3.1T 1.36° 542.48
Error 45 92.9: 0.5C 0.0¢€ 0.0< 12.7¢
cv 29.2( 24.9¢ 24.3¢ 25.6¢ 27.3:

NS: Not significant ~ **: Significant at 0.01 probdiby level.
T Number of seeds germinated per day

Germination percentage

Salt stress significantly reduced germination petage (GP) of ajowan at all SA concentrations (Féga).
Reduced GP by salinity is mainly due to reducedewabtential gradient between the seed and th@wuling
environment, which results in impaired enzyme sgsih that is required for germinatiot]. At low salinity level

(6 dS dS.nt) both 0.001 and 0.00001 mM SA concentrations prexesignificant GP reduction as compared to the
control (Figure 1).
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Figure 1- Effectsof different concentrations of salicylic acid (mM) on ajowan germination percentage at different salinity stresslevels
Columns with at least a letter in common are nghsicantly different according to Duncan’s Mult@Range test at 5% probability level.

At 12 dS dS.nt salinity stress level, the low SA concentrationOQ@01 mM) significantly increased GP as
compared to control, and was not significantlyefiét than GP of control at 6 dS dS.ffthe stimulating effects of
SA on GP of fennel and cress has been reportedlH]4 SA prevents oxidative damages during gernonaand
thus, can improve germination process [16]. ThenM SA concentration reduced GP to almost zerolatadihity
levels. Although GP of 0.00001 mM SA was higheshigh salinity stress level (18 dS dS)nbut there was no
significant differences among different SA concatitms at this stress level. SA causes an increasexin and
cytokinin hormones in plants, which may enhanceeduce germination [17]. High concentrations ofiashusually
reduce germination, while low concentrations usuathhance it. Therefore, different concentratiohsSA by

affecting hormone production in plants, will exhitifferent effects on germination process of seesisbserved in
this experiment.

Germination rate

Germination rate (GR) is one of the most imporiadicators for evaluation of plant tolerance. TlHie@s of salt
stress, SA concentration and their interaction & @ ajowan were highly significant (Table 1). leasing salt
stress levels significantly reduced GR of ajowaallaBA concentrations (Figure 2).
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Figure 2- Effects of different concentrations of salicylic acid (mM) on ajowan ger mination rate at different salinity stresslevels
Columns with at least a letter in common are nghsicantly different according to Duncan’s Mul@Range test at 5% probability level.

GR of ajowan at 0.00001 mM SA concentration waaiigantly higher than control and other SA concatibns at

0 to 12 dS.nt salinity levels. Although the GR of 0.00001 SA centration was highest among all treatments at 18
dS.m' stress level, the differences were not signific@igure 2). The 10 mM SA concentration reduced ©BR
almost zero at all salinity levels. GR of canolasviacreased at 1.5 mM SA and decreased therdaBgrPrimed
sunflower seeds with SA have been reported to simore germination rate under 4 dS.malt stress condition
[19].

Radiclelength

Increasing salt stress levels significantly reducgticle length of ajowan at all SA concentrationkijle the 10 mM
SA concentration reduced radicle length to alme&sbzt all salinity levels (Figure 3). High salinistress by
reducing water potential or by increasing the catregions of toxic minerals in plant, can reducdicke length B].
Reduction in radicle length have been also obseirvédyme and fennel under salinity str¢®6, 21].Under non-
saline condition (0 dS.#), 0.00001 and 0.001 mM SA concentrations signifilyeincreased ajowan radicle length
as compared to the control (Figure 3). But at 8rifSboth were significantly lower than control andréhevas no
significant differences between these two concéptra. At 12 dS.il salinity stress level, radicle length of 0.00001
mM SA concentration was significantly higher thamtol and other concentration levels. Increaseéitka lengths
of fox berry seedlings with the used of SA at Highels of salinity and drought stresses has also beported [22].
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Figure 3- Effects of different concentrations of salicylic acid (mM) on ajowan radiclelength at different salinity stresslevels
Columns with at least a letter in common are nghsicantly different according to Duncan’s Mult@Range test at 5% probability level.
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Plumulelength
Increasing salt stress levels significantly redupkanule length of ajowan at all SA concentrationgjle the 10
mM SA concentration reduced plumule length to atnzeso at all salinity levels (Figure 4).
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Figure 4- Effects of different concentrations of salicylic acid (mM) on ajowan plumule length at different salinity stresslevels
Columns with at least a letter in common are nghsicantly different according to Duncan’s Mult@Range test at 5% probability level.

Plumule length of ajowan in 0.00001 mM SA concdigrawas higher than all other treatments at ndimsand
all salinity stress levels, but it was only at 6rd$ salt stress levels that were significantly higtrem the control.
Different concentrations of SA on the growth oftleseedlings have been evaluated, and it was foladonly 0.15
mM concentration significantly increased plumuledth [23]. It was reported that 1 mM SA concentration
significantly increased and higher concentratioasréased fennel plumule leng@i].

Seed vigor

Seed Vigor Index (SV) is one of the valuable chiméstics for evaluation of seedling tolerance undiess
conditions. Thus, the SA treatments with higher ey be recommended for increasing the salt toleraic
germination stage2f]. Increasing salt stress levels significantly relSV of ajowan at all SA concentrations
(Figure 5).
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Figure5- Effects of different concentrations of salicylic acid (mM) on ajowan seed vigor at different salinity stresslevels
Columns with at least a letter in common are nghsicantly different according to Duncan’s Mul@Range test at 5% probability level.
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These results are consistent with the results dbilliaand Abdoli [14] with cress plant. The 10 mM SA
concentration reduced SV to almost zero at alhiglievels (Figure 5). Under non-saline conditighdS.nt),
0.00001 mM SA concentration significantly increasgjdwan SV as compared to the control and other SA
concentrations, but there was no significant differe between control and 0.001 mM concentratiogugei 5). All
SA concentrations significantly reduced SV at 6miSsalt stress level, but there was no significaffedince
between 0.00001 and 0.001 mM SA concentrationsoadth SV of ajowan in 0.00001 mM was highest atd$2n

! but it was not significantly different than casitr However, it was significantly higher than thther two SA
concentrations (Figure 53A primed soybean seeds have been reported tbiexiure vigor under salt stref25].
Ghanbari et alf24] also reported that 1 and 2 mM SA concentratgigsificantly increased seed vigor of radish at
4 dS.m" salinity stress level, but increasing SA concditrs to 3 mM had no significant effect on salinity
tolerance of radish.

CONCLUSION

The overall results of this experiment showed titehitory effects of salt stress on germinationiced of ajowan.
However, seed priming with SA improved and enhangedmination traits under various stress levelsisth
reducing some of the inhibitory effects of saless. Under high salinity stress conditions (18 d$.mone of the
SA concentrations enhanced any of the germinataitst Therefore, under such conditions seed pdmihajowan

with SA is not recommended.

The 10 mM SA concentration significantly inhibitedl the germination traits to almost zero; therefat is not
recommended for seed priming of ajowan. The 0.0GAMLSA concentration had the most beneficial ansitpe
effects on germination traits of ajowan under saléss condition. This concentration significanthproved all
germination characteristics of ajowan up to 12 dSsalt stress level. Based on the results of thigystseed
priming of ajowan with low concentration of SA (0@1 mM) is recommended under non-saline and uf2to
dS.m" salt stress conditions. This concentration is Vew; therefore, seed priming practices with tkisdl seems
to be also an economical and environmentally filigpdactice.

REFERENCES

[1] TSR Raolndian Cocoa, Arecanut arfdpices Journall986, 9, 498-502.

[2] F Ghassemi, AJ Jakeman, HA Nigalinization of land and water resources: Human semj extent,
management and case studi€éB International, Wallingford, UKL995.

[3] SH Hejazian, MH Mosaddegh, M Dasht¥orld Appl. Sci. J.2008, 3(2), 215-219.

[4] AG Sabarjraqgi J. Pharm. Scj.2010, 19(2), 38-41.

[5]1 H Majnoon Hoseini, S Davazdahemamgronomy and production of some medicinal plamtshran Publishing
Co., Tehran, IrarR007, pp. 320 (in Persian).

[6] R Munns J. Plant Cell Eny.2002, 25, 239-250.

[7] M Ashraf, MR FooladAdv. Agron, 2005, 88, 223-265.

[8] M Ashraf, NA Akram, RN Arteca, MR Foola@ritic. Rev. Plant Scj2010, 29, 162-190.

[9] S Najafian, M Khoshkhui, V Tavallali, MJ Saharkhiays. J. Basic App. ScR009, 3, 2620-2626.

[10]M Samia, A El-Khallal, A Hathout, A Ahsour, A Abdihalik, Res. J. Agric. Biol. S¢i2009, 5, 391-402.
[11]MM Hussein, LK Balbaa MS GaballaAgric. Biol. Sci, 2007, 3, 321-328.

[12] AA Abdul-Baki, JD AndersonCrop Sci, 1973, 13, 630-633.

[13]M Yagmur, D KaydanAfrican J. Biotech.2008, 7, 2156-2162.

[14]A Habibi, M Abdoli, Int. Res. J. App. Basic S@013, 4 (6), 1393-1399.

[15]Farahbakhsh, Hnt. Res. J. App. Basic S@012, 3(4), 737-744.

[16]L Wang, S Chen, W Kong, S Li, DD ArchbolEpstharvest Bio. Tech006, 41, 244-251.

[17]FM Shakirova, DR SahabutdinovRlant Sciencg2003, 164, 317-322.

[18] M Mazaheritirani, K Manochehri Kalantatianian J. Bio, 2006, 9, 408-418.

[19]MD Kaya, G Okcu, M Atak, Y Cikili, O Kolsaricizuropean J. Agron2006, 24, 291-295.

[20]MT Alebrahim, N Sabaghnia, A Ebadi, M MohebodihiRes. Agric. Sgi2004, 1, 13-20.

[21] R Moradi, P Rezvani Moghaddainanian J. Field Crop Res2010, 8, 489-500.

[22]M Zare, AA Mehrabioladi, S Sharafzadeh Agric. Sci.2006, 12(4), 855-865.

[23]M Mohammadi, H Fahimi, A Majd]. Bio, 2009, 4, 33-44.

[24]M Ghanbari, AR Eftekharian, S Jahanmardi, M FarhafieNew Knowledge Sust. Ag011, 3, 45-50.
[25]SNA Basra, | Afzal, RA Rashid A HameeH,Biotech. Biochem. ScR005, 1, 173-179.

110
Scholars Research Library



