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Table 1- Physical and chemical properties of farm soil at a depth of 0-30 cm
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Table 2- Results of analysis of variance of morphological traits and performance components of caraway
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Figure 1- Interaction of salinity stress and manganese and iron micronutrient fertilizers on plant height of caraway
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Figure 2- The effect of salinity stress on the number of branches per plantof caraway

e oo tnl jo oo ol (25 S0 (chagy oy ShalS
Osman, ) ceuwl oais sl 0,3 agr 4o x> slawd j2als &
STl kT b a5 ol ons (5,155 (6,550 aios o (2009
Lsylol a cas 1) aig 4o aliw olows ayacd mals (98

(Pouryousef et al., 2014) ws S ssalice Jgore oI

Ags > Al daxd g y 45 Al dlaas
G e talajl glaosls Luilsly agsos gl el
palolasy povs S ahow o L;)losmf,j;lséﬁ_&
ol el g 5 gl sbogS B rae Sl Ll cils
30 &g i Jaliie Hil aizmen 090 jlo g Zao
S ge ao 0 iy Jleizl mhaw 0 Chao cpl o gdse),
Solosire yob a5 ddgr po adls slasy (Y Jga) ago 3
2 Eor G GRSa 9 L85 18 (6500 S Sl e
Cho ol jo gdseg; oS Ll ad o sixe (sdie,
b 0T 5 Jgome OF Ll 53 Y 302 390 Sl gine
58 Sl Sy ol Brme b x> 4o alo olowd oy yiden Hod
b Jyore ol bl o o ol Jladie o a8 a5 >
SogS G pae g e Laas O lal i 10 9 13K B puas
)OW.MTCA‘»Q}&ZAjobi‘Ab:;é)_.Mj‘S:X&A}ﬂ)
i i o alls Slas (nyeS 5 (n ey H5b ol Ll

pas g,u 0 il VY/O L:u.:{lj,.i..ofly B, aed by

digs >y Doy
slo,los 5l cos aigr o i olaws oLl Llsd
O iSad 55 ¥ USCE (Y Jgax) <é )5 8 Ll blae
Iy ol Buizs 10 00 adlllas (dso), slodsS 1 (5,00
GART gy L 6,500 Baazs o Ll cpl o a2 oo lis
W‘)B‘L;Jw‘owﬁys”)lso;l&))ubig)im;f
digr ;0 AE olaey g e jo als dlasy ‘Q,ﬂ 5 e cdale
a_olie ls (Ramezani et al., 2013) wuly oo 2ol
GrosS ;o (6y0—i s bliie Jl el & jo ooy .Sl
(ol slelas (oles o a8 05 o] 5l Sle e,
slaws ol 4 e oyl g 5K (gdre i, sloogS B, ae
3 ool Byas slojles (loe cpl )3 5 9335 gy 3 >
B an Hled puised g u’Jy,.u G)LHTL).ML.‘L Slews bl i
LMM ol 9 9 <L LS)L&.T S Ll jo 58 O"”T PTSS
Lo plaw b anlio )0 (6 ion Al ;o iz olows 5l 9
Skl slojles plas )3 Craizmen (T JS—5) disgs 510,95 »
IS sl sy amls Ll 1 )0 d5g0 40 i Slawd (p yieS
Sl ppg—ar 0 Oladss plw gleadl b ol b (Y
Cllas aigy o gz olaas GalS o] sty gy d

(Rohamare et al., 2013; Moosavi et al., 2014) s /s

991> (N ok gy 0 Gliee 4 gy )0 iz olaes



Yy

ohals byl pd 53 (CATUM CArVI) ol 025 (529,13 ol o Shas 3 (S olg 90 Wlino p a1 g 3Kk polic 5 (5 y9d i b

slasy juelS (Raesee et al., 2015) o4 & o digs ;o ails
al>ya 53 655 b e Wil oo (5,90 5 T 50 als
L 5z 2 009 ee S &5 (me nayadl ails ol
byt g atdls JolSS (5,90 5l (20 (2188 jolie 35008 e
4 a5 Wgdi oo (5 90 Jelb b g WD sed b 3 (g5l
gy o ado slass cales )0 g adazdl de Ly i ke
(Moosavi et al., 2014) al o ol dig o ails sloss
omiioe ol b i 5l cos adgy o adls slass als
Moosavi et al., 2014; Raesee et ) o,ls cisllae calisw

.@l., 2015

S b0 .AATCA_.»J.))I%)Q Wlo Vo b sdsnp, 995 OB jpunn
SrosS 5 (590 G GRSy bl )l o (1 S0ke alie
3 digs 0 ails olasd Jlade oy i ion aS ol i gdse,
L <5)L.:-.'—| Lylys o u—“’] Syan lp (Jsere t.?)L.:‘.1 byl
5 5 ol sogS plg Bran (sl 93 9 3-8 s O
Gl Ll o Cdo cpl Jlade o 5eS Criored el Cawdy
05 59 5 555 L Ol Il pd 4 5 53500 B b (Jsone

el Gy (gdre, slBSsS B pae
2 P Gk 5l 69— i Job o ol Casgame

\)‘..\.!3 u,..‘.mlf g0 Ui o)BQ LJB'Ia u..‘.mlf 9 @N‘o\); gJ—a..(i

Bl

Control

digs yo ie alad
Number of umbrellas per plant

lyaness]

. .. Normal water
e

Salinity stress

s s

Relatively salty water

] L-)_,-eT
Iron

[ JELeN
Manganese

LS SRy
Iron and Manganese

)%‘:" ‘.—'T
Salty water

olow 0333 digr 53 i Olani g (T g S Gk ) SO g (59 T SIS p Y S
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Figure 9- The interaction of salinity stress and micronutrient fertilizers of manganese and iron on the essential oil yield of caraway
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Abstract

Introduction: Caraway is a plant from the umbelliferae, whose cultivation in arid and semi-arid
regions has a high economic justification compared to other crops. The importance of using medicinal
plants is the presence of effective substances in them, and the quality of medicinal plants is more
important than agricultural plants. Iran is located in an arid and semi-arid region, and salinity is one
of the environmental stresses that cause temporary or permanent damage. Salinity stress can change
the amount of element absorption by the plant by changing the potential difference and affecting the
absorption power of water and solutes by the roots. Nutrients necessary for the growth of agricultural
plants are divided into two categories: high-consumption and low-consumption nutrients. By
supplementing the consumption of low consumption nutrients, it is possible to improve the condition
of plant growth in stressful conditions. Based on the studies conducted on agricultural plants, it has
been determined that the use of micronutrient fertilizers in stressful situations can lead to an increase
in the growth and yield of these plants, but this has not been well established in the case of medicinal
plants, including caraway. . In this regard, this experiment was conducted to investigate the effect of
salinity stress and the low consumption elements of manganese and iron on the morphological
characteristics, yield, yield components and the amount of caraway essential oil.

Materials and Methods: This experiment was carried out in the split plots basis of randomized
complete blocks in Zahedan region of Iran. The experimental factors include salinity stress as the
main factor in three levels (Irrigation with normal or control water (1.2 deciSiemens/m), irrigation
with relatively salty water (3 deciSiemens/m) and irrigation with salty water (5 deciSiemens/m)) and
low consumption elements as secondary factors in four levels (no fertilizer consumption, consumption
of manganese, iron, manganese + iron) were. Plant height, number of sub-branches, number of
umbrella per plant, number of seeds per umbrella, number of seeds per plant, weight of 1000 seeds,
seed yield, biomass, harvest index, essential oil percentage and essential oil yield were measured and
weighed. At the end, after ensuring the normality of the data, their analysis was done using SAS
statistical software, comparison of averages was done by Duncan's multi-range test and at the
probability level of 5%. Graphs and figures were also drawn by Excel software.

Results and Discussion: The results showed that salinity had a significant effect at the probability
level of one percent on plant height, number of umbrella per plant, number of seeds per umbrella,
seed yield and biomass, and had a significant effect at the probability level of five percent on the
number of branches per plant, number seeds per plant, weight of 1000 seeds and essential oil yield,
but it had no effect on harvest index and essential oil percentage. According to the results, irrigation
with relatively salty and salty water led to a decrease of 29.9 and 18.4 percent of grain yield,
respectively, compared to irrigation with normal water. Nevertheless, the application of manganese
and iron micronutrient fertilizers in the conditions of salinity stress to some extent led to the mitigation
of the effects of salinity stress, so that the increase in grain yield due to the use of iron fertilizer in
irrigation treatment with saline water was about 25.5% compared to the absence of fertilizer use. The
highest yield of essential oil was achieved with 7.49 liters per hectare under favorable conditions. In
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this study, manganese and iron micronutrient fertilizers had a significant effect at the one percent
probability level on plant height, number of umerellaper plant, seed yield and biomass, and a
significant effect at the five percent probability level on the essential oil yield of caraway. Iron
consumption with an average of 345.70 kg per hectare had more grain yield. Despite the lack of
significant effect of micronutrient fertilizers on grain yield components, the application of these
fertilizers increased them. Considering the increase in seed yield and the yield of caraway essential
oil under conditions of application of manganese and iron, the use of these fertilizers in caraway
cultivation is recommended.

Conclusion: In this experiment, salinity stress had a significant effect on all the morphological traits,
yield components, seed yield and essential oil yield of caraway, except for the traits of harvest index
and percentage of essential oil, and led to their reduction. The negative effect of salinity stress on the
weight of 1000 seeds, number of umbrella per plant, number of seeds per umbrella and number of
seeds per plant can be considered the most important factor in reducing seed yield under these
conditions. Based on the results, it can be concluded that manganese and iron and their combined use
causes an increase in the morphological traits, seed yield and yield components and the yield of the
essential oil in this medicinal plant. In general, considering the increase in seed yield and the yield of
caraway essential oil under the conditions of application of manganese and iron, the use of these
fertilizers in the cultivation of caraway can be justified.
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