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1- Reactive Oxygen Species

Kafi) 35550 ot ol > (olyj S pamo 15 (sl il
Wby o (ol G5 Bl aS eAd asuie og34s g (et al., 2009
Sy 135008 lize 5 ooy Sodo & ¢ lalS oS 52 Slae
.(Pandey et al., 2001) )b

s 5 Sefsdnid Sk » (Sis Ji &S byl
$9 3 Subd J5 BT cals o)l 65,k @l olS gk
olS JodlpSe g o1y (polus Jolyo 2 (3 (2 4 Sl 0 ol S
£989 &S 1> .(Kafi et al., 2009) 1S oS St (55 ply jo
diaie (JoSlge 9 (alendon ((Sfglgsd Ol ((SiS
3 shad (S1ysk b wlg e 4 398 0w LS o 1,
Sl anshy Jpame CoteS g CuaS LBl caond 3 g olS A,
.(Imam & Zavarehi, 2005)

g Al K> cuwl aLS (Foeniculum vulgare Mill.) &L jl,
(RFSyany g (nnke 3l 45 (Apiaceae) oLy 0)5 4 Blaie
3 oalisal jolatats Baos g i Jlades oy (0l gyl S
g o)l olie (o) dilie mlis o o 5 Jols il
oS ol .(Omidbaigi, 2007) 3.5 0 )8 cuiS 3)50 ailigg
g 0dd S e Sdddeg 5 S blie 3 (awy ysbdy
Cl Cllas ] a3 5 05) (sl p)F 9 Slilimte Slomacl ag2
Ulg o (Suid i o plplo .(Omidbaigi & Hornok, 1991)
gioe g deme Amd )1, 5 b Covy olS pl kS g 3,Skes
S i 48 a5s,S )5S (Mohamed & Abdu, 2004)
sgbas 1y bl ogne 3Shos 5 (Lol a8l 5 a3L5 Slass w0liS )]
3= (Osman, 2009) leie 3.5 gl b (ials )b ixe
g % 5L ol g el )bl oo ialIL aS ol LS
g asle ol o, S by g)bbxe (il GL3l) oo 3 Slas
s yiiSTly aslllas > (Rezaei Chiyaneh et al., 2013) -, Sen
Oiel38 Ly 4 angas ol ol Cadgame 4 WLl (il
e S ) e o e V00 4 oo £ ()l
O il § Sy o s (sl b Jidg IS @ Jid)lS clale
S ) sl ialS as ) FY 5 VY Y W Cpa Sy
=)y b (Al-Kayssi et al., 2011) 4,Kan 5 Sl S50
Bunium ) ol 025 (295 oS (59 2 (Sid A5 5]
WSS cogby g ol enld ials oS x5, )l5S (persicum
ol 025 Sy LS jgy sl 5 )0y S5 cg03) Jolpe



Y g5 Shee gl od Shos  Solimadbos sl Cilisio Gbedilé 5 (S (B35 51 oo Ko g 003 59303

Giliseo oy i plosl JLSG oy Ve (o)l Ollas i ploxl
o2l o}y ¢ a3 3a0 g el b3l (c5elgid
() Joi) ilise So5elesud (S e JolS 23 JS ¢ spoazmis

Ol dewgdy (mdazse glul g (348l gl e )
» 6ol Bl ey bl mdy Jless 005 Jleel iy
Ly 0590 bl U (o, Vo il ) coolol oaome o Sis (slalows

Wbl ol Sjglpd dolye - Jogsr
Table 1- Phonological stages of Fennel

;flf” "f M”: Sl oM @5, omdle e J"KF‘-’; > o
enologica s . . u e
stage Germination Emergence Rosette Stemming Budding flowering S 3 919-1 0
iS5l e s
Day after 4 7 20 35 50 58 125
planting

2 )0 9 0 yio Bl B Cudy o dlold g e Sle YO (),
W0y dudls laiedy (65US Caydy 90 a5 W jalate (a3 iy & )S
4By a5 ) el gy CullS Bes g e (b LS Jobo

Yo s 0 de,ie S jliecils oldes plodl jl J8

0t Ol lrosdsSesd GLaShy 5 )b aised s pte Bl
e Jold) (e (5lwodlel lilas pls] 5l s oV Jgds) B
iy Gl ) CdlS Ay 5 g9 dloml g guland (S
Sy Alold .8 plodl di iy lawg )3 WWAD Jlwole 3)5,8

oule;l Jowe S8 Ciladuiie — Joua
Table 1- Traits of soil of experiment location
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Table 2- Analysis of variance for studied traits in experiment
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* and **: significant at 5% and 1% probability level, respectively.
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Introduction
Medicinal plants are of the most valuable reserves of natural resources in Iran, and if there is correct recognition
of them, these plants can play an important role in the health of the community, employment, and non-oil exports.
Fennel (Foeniculum vulgare L.) is a perennial herb that is one of the most important and is widely used as medicinal
plants that is mainly cultivated for the purpose of using essential oils in various industries of pharmaceutical, food,
cosmetic and sanitary. Therefore, this research was carried out with the aim of investigating the effects of different
concentrations of salicylic acid on the qualitative and quantitative characteristics of fennel under drought stress
conditions at phonological stages.
Materials and Methods
The experiment was conducted as a split-plot based on a randomized complete block design with three
replications. The main factor included five levels of irrigation regimes: full irrigation, irrigation at stemming stage,
irrigation at a budding stage, irrigation at flowering stage, and irrigation at seed filling stage. The subfactor included
four different concentrations of salicylic acid: zero, 3, 6, and 8§ mM. In the treatment of irrigation regimes, irrigation
proceeded until the end of the growth period after irrigation was discontinued at the growth stage. At the end of the
growing season, in order to evaluate the yield components, ten plants per plot were selected randomly, and the yield
components were measured. In the southern half of each plot, seed yield was measured after collecting plants and
seed separation. The essence of the seeds was extracted by the water distillation method, and the essential oil content
was calculated.

Results and Discussion

The results showed that two treatments for non-application of salicylic acid in irrigation in the grain filling stage
and application of six mM of salicylic acid at irrigation at flowering stage obtained the highest number of sub-
branches per plant with 21.3 and 20.3 sub-branches in the plant, respectively. Treatment of application of 8§ mM
salicylic acid in irrigation at seed filling stage revealed the largest number of umbrellas per plant and weight of 1000
seeds. The largest number of umbellet per umbrellas belonged to six and eight mM salicylic acid applications in the
treatment of irrigation at the seed filling stage. The lowest amount of seeds in the umbellet was observed at different
levels of salicylic acid in irrigation at the flowering stage. Treatments of application of 8 mM salicylic acid in
irrigation at budding stage and application of zero and three mM salicylic acid incomplete irrigation conditions
obtained the highest seed yield by producing more than 790 kg per hectare. Application of zero and three mM
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salicylic acid at irrigation in seed filling stage showed the highest amount of essential oil by 3.83 and 3.73%
essential oils, respectively, and after those, two treatments of application of 8 mM salicylic acid at irrigation in the
flowering stage and at the time of seed filling were placed at the next rank.
Conclusion

In general, it seems that the occurrence of drought stress at the flowering stage compared to stress in other stages
of development, had the greatest effect on reducing the yield components and grain yield of fennel. Also, the
application of salicylic acid in conditions of irrigation removal in the budding stage improved seed yield, as well as
at stemming and flowering stage, increased the amount of essential oil of fennel seed. However, its effectiveness did
not follow a particular process. In addition, the highest amounts of essential oil were observed at the time of drought
stress in the grain filling stage. The results showed that application of zero and three milliliters of salicylic acid
produced the highest amount of essential oil at irrigation interruptions in the grain filling stage.

Keywords: Irrigation regime, Quantitative and qualitative traits, Foliar application



