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Abstract
Background and Objective: Ajwain, a medicinal plant, is used widély in traditional\and modern medicine, as well as in
the food, livestock and poultry industries. This study was conducted tinvesti the role of organic and biological
fertilizers on the quantitative and qualitative performance oRAjwain and\the sustainability of its cultivation.

Methods: A field experiment was conducted in a split f&%&izrrang ent based on a randomized complete block
design with three replications to investigate the effects of hjofertilizers onthe quantitative and qualitative traits of Ajwain.
Vermicompost was applied at three levels: 0 (controh‘ﬁ, and,1@t/ha as the main factor. Mycorrhizal fungi were applied
at three levels: no application (control), applieation of Rhigophagus irregularis and Funneliformis mosseae, and the
presence or absence of the growth-promoting bactegiumydzorobacter chroococcum.

Results: According to the results, the symbiotic | tion between mycorrhizal fungi (Rhizophagus irregularis and
Funneliformis mosseae), Azotobacte oococcum, and vermicompost significantly improved growth indices, yield of
plant organs, and essential oil (E ield, but didpnot significantly affect the EO percentage and phytochemical
compounds.

Funneliformis mosseae had the greate
diameter and seed yield whi
development of roots and see
major compounds of EO!
vermicompost (5 and 10 t/ha, respectively), and thymol (35.74%) with Rhizophagus irregularis.

Conclusion: The result hlight the importance of using organic and biological fertilizers to enhance the quantitative

ction aerial parts, including the number and diameter of lateral stems, stem
s irregularis played a more effective role in increasing root length, weight, and

How to Cite: Shirmardi, M., Hayatzadeh, M., Ghaneei-Bafghi, M.J., Hemmat, N., Fooladi Doghzloo, M., 2025. Soil
fertility assessment in saffron (Crocus sativus L.) cultivated fields (case study: Bahabad city, Yazd province). J. Soil Plant
Interact. 16(4), 1-17 (In Persian). https://doi.org/10.47176/jspi.16.4.21791


https://orcid.org/0000-0003-2607-1133
https://orcid.org/0000-0003-3784-7929
http://jspi.iut.ac.ir/article-1-1716-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-23 ]

D) oS 5 S (g o ls s s I glrasS S0

(Trachyspermum copticum)

\wﬁﬁ Wb 9 Y‘_;.XSJLA :|}1J.3: ‘ﬁs\ﬁb|jwl?9 d_,l.@.»

Ol 05 «303LaS s 5 5 el elidios Olejlo 528 wlhe 5 b [ &
babaszadeh@rifr-ac.ir : oy ;S Ces oJ M’&u P

°~\-5->
Mw)f)jlaﬁnmwﬂ;uu;‘ 5)\>)j~b}¢\3)dl49cw‘o)b v.]a)b })I’JSQL;)J})\JJ.S AJM"MJJ.; -

.L,.,:\Ja)¥ 5L 5 0L S 5 aS 5 Shee s s s T slassS
2SS s S SU s SR USS e s ke a8 b B s oSl Skl S 4 s e el il by,
uﬁlﬁ,j@@u‘yl&bo\yg,ugﬁﬁ\o ~)J_a.pcbuﬁw”swu.mlﬂwgdgsjws%ﬁw
Azotobacter \iy S s s ;Sb s, S 5 lSH&) Furtheliformis mosseae 3 Rhizophagus irregularis > 5 ,|S (Aali) 5 5,8 ple Cl‘“

A eslawul chroococcum
Azotobacter (s ;SU (Funneliformis mosseaéNg Rizophagus irregularis) |3 5 5 Szl Ole s jen Jolad (il plal :@Lﬁ
5 ol dos o bl as ild s Shes (S Sl atli 5 ag Comse (SKadir 5sb 4 «Caw 5eS a5 5 chroococcum
SR8 o slaadle sl dea Al J:;L Oy s Funneliformis mosseae G)LB S Fae Ol olS slendgnd LS 5
S5 Ll aly s Sles 5 baals 59 sk bl s s 555 A& Rhizophagus irregularis oS Jl> ;5 (ol &l 5 Slae 5 a8l
5 L3l b gme 31 (Thymo inene « p-Cymene) ilul sdee OLS 5 5 2l 5 L;T s S 5l eslanal &8 ol Jl= s

el s (LYO/VY) Rhizophagus mosseae & jf
(Trachyspermum c um) Ol 88 oS 5 Shas 35 05 1) ew s bﬂ ©lassS 3 )8 Coenl ass ool slaasl 1 JS S aous

: el s ol S 5 035 ab, e slasled 5t Cow bl ol SUS 5 dy e a4 dias e OLES gt
Sl Ol 1y ol s ol bl s Sas 5 doys Jo il ba 25 ales 51 oy slasles

Thymol Azotobacter chroococcum «;Js > Shas ¢ ypilusl 154" slao3ly


http://jspi.iut.ac.ir/article-1-1716-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-23 ]

sl S O 5 sl sl tasy s al, 2024)
Lavandula angustifolia Mill. | 4» <=|,L;l Sz osle 5 S 5
4 S S S o5 b Ao 3 7Y U cilis glajlad 5o
5 G yinS 55 015 3,008 Ll esdle sl 0L 1 dals
eion el Gulul kS 5 er S RG0S
s Borneol 1,8-Cineole 4oz 3l 0551 olS 5
ol s pals st L & sl 51« Camphor
(Mavandietal., L& 5,158 o sd o o gumes o 33 55 sl
oS 55 bl oS 5 i 5 il 3O es 5 5 2021)
G)G O sl 35 1S U 1y (Anethum graveolens L. ‘Dill”) & &
(Weisany et al., 2015) L3 8 5,158 15,58
Bl b w0 Jolse ol 51K s cute ol 3L 4 S
w2l s o bS5 See 5 Al e o

SISl e 53 ot DMl Ll ol sdd antlid

0Ly oS 5 Shoe 5 popdynd by Sl (S

e sbeslg ol WS 5 b K8 85 3

Sl Az el Lis e Ol o Shas tayafll
2

BE) QT o3 8 U“M.:_‘J.e\ 9 eL:f U‘-’-‘ x5 J.;NL_'

(oask ol gl Bda s Ll W LSLAW

e bE 51 OT bt 5 (Sosd Slaopar s
Yo Ger 3 plakised (ilel sspe adlae ely5 S
S gladigad 038 bglse 51y 5 Ad Cils e o
35 elen 4 bl s @Sl Gy ol M S

) Jsdr) w3 8 Jll oliylesT & o aS 5

dodls —\
¢L L (Carum Lovagel Ajowan) ol 55l L 035 (25,0 oS
WSS alS Trachyspermum copticum (L.) Link s
Of oKisy, 45 o5y Apiaceae olgplt 3 ile 5 ans
(Mhatre et Jib o La 5 01l (Bl,e Gare dile gl 508
(Ol 5 8) 558 35 Ol s of Jlax! auls al., 2024)
Ol Olgiol gy Olomldl Ol sl 5 Ol
L Ol 5 53 ol ol 5 ol e o5 5 Ol S (sl
ogre bl 355 o st IS el 501" OF (s o
Sl S TG Y o OF Sldie 5035 555 4 oleze olS -l
s s mal o 558508 dans JISIT o 5506 canlos
oy DLS 5 edes Sl lagy 55 ol s b dacl ey S
(Bairwa et al., 2012; toes O35 ojlas s ol a=lis

5 sde oS ol slaai,, Dubey and Kashyap, 2015)

shyls o oge 9 Aol e et Col glyls O s,
\

Ju St 51 (Singh and Ahmad, 2017) _jla.S1 sT cools
ool (Aslam et al., 2020) gl 5 (Manayi et al., 2014)
O bl Jé 5 ool OlS 5 51 S Ol 4 Thymol
5 Lgal Jall iyl S W Oleys (gl g by
2 oodhe 3,8 e 15 eslinal 3)se il Glaglen s
sdas (gl in; 3l y-Terpinene 3 p-Cymene (Thymol
(El-Sayed et al., 2025) Liwa olS pl uilal OS5
(Norouzi Esfahani 01, 5 Jleawl (653, 5 aalllas s
51 eslessl Verbascum thapsus oS, et al, 2023)
ol Esl SIS s (A 5 Y mslae 5 CegeS s
Jsb calpn ol S 035 bl plisy) Do 53l ns
(S G5l s cpramen A 8IS Olge 5 4y
oS SSdss Slio spp Corge ConppeS ans 2208
s S es 5 do s Wile gl (Si 5 505y SRl NUY
2 SISl b 5 Jgs S5 (s lS (il
S 53 3V0 5 Ve 5,8 55 (Mentha spicata) Jals gl

(Latlﬁet M&)(ﬁ d‘)&&.ﬁj&:&hﬂj} k:».w‘ﬁ&sﬁﬂjj


http://jspi.iut.ac.ir/article-1-1716-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-23 ]

Cﬁwx.as‘fd)j}(ﬂ&lﬁu o—Yo L}“")‘) 4.9)]45\;-41?& C)LA};JJ \ dj-b:

Table 1. Characteristics of soil (from field in depth of 0 -30 cm) and vermicompost analysis
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Table 2. Comparison of vermicompost on the essential oil of Trachyspermum copticum
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Table 4. Comparison of vermicompost, mycorrhiza, and azotobacter fertilizers on the morphological characteristics of Trach
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V: Vermicompost(0, 5, and 10 t

Lo 3 0 ezl o 53 ls me Ml BB O g 55 S nde G S Bl (ol sl Sl
eans within each column followed by the same letter are not significantly different at the 5% probability level.
), M: Mycorthiza (No application, Rhizophagus irregularis and Funneliformis mosseae), A: Azotobacter chroococcum (No application and applied)


http://jspi.iut.ac.ir/article-1-1716-en.html

[ Downloaded from jspi.iut.ac.ir on 2025-11-23 ]

50

40

30

20

10

< 0
p-cymene terplnene thymol
u Control 13.61 46.73 34.49
" Azotobacter |, o0 o4 3535

chroococcum

ol ol LS 5 sl St S
Figure 3. Effect of Azotobacter chroococom on main
essential oil compounds

Stmed (o 5 ol iy Job il i L sl il
J‘JL"“:“UJ)L[%QJ_'JTJ;J#.J‘JQLZJL;)\;L;;M%';,,
uiz“.“""é‘)b ‘L;LP‘ oy J}bbupl}f Sldas pioman
0Lz e SKteman S 55 Shae L bl ccudls oo

Coils ke Mg;wﬂyb&awﬂ}b 3l Y:/V}Diuﬂ 3 8ke i Ad edalie s s

dw&)\;wwwﬁsﬁ ;L,;p M,ss:;
Cls e Sens Sl se 5 Sas b ulal 13

OL (Vv dsdr) el LS 5

v-Terpinene s p-Cymene |, Thymol 'S 5 as sl
>

s Ses il 5l

Rhizoph mosseae L;LAGJG

5eeS 5055 UK 5 50 5,8 g irregularis
)JOS \o &JJ@AJALG&_“)W)JQT&JJﬁ‘rJ&J
)" QUN oaleiul e g J‘Sbj}')‘ )Lo.’,; ¢¢MJ?QS‘_;‘:U
o loles i a8 el O edins 0Lis ol 3L bl
s Funneliformis mosseae LgLaG)Ce Lk olawd sS
Olgae sl 0350 3SU 33l 31 22 Rhizophagus irregularis

Vo sl iy CwgmeS sy LIS 55 5 0l 53 LA W8

222 EEE Gk

R p-cymene terp?rlene thymol
m Control 14.19 46.65 34.23
= Funneliformis
mosseac 12.3 46.88 35.74
Rhizophagus 1) ¢ 4681 3481
irregularis

-
bl ol LS 5 51, 5K il LgL»G)BJ;U Y s
Figure 2. Effect of different mycorrhizal fungi on

i) essential

oil compounds
.

Funneliformis o yes 4 Cow 5 5,y 5 Ve 5 )8

cr i oS ol s dzotgbacter chroococcum s mosseae
55 ol s (B I g VOPPITY) 1, S 5 Shas
Slogd 53 a3l s t 3 8ee il S 25 J

VoA oSl b G 5aS 09 SIS 53 050 OB e

YY°/V) “Si)“‘}jﬁ Jjﬂa.ﬁ« E) (JL&A
CM)T:&S&A)J J)S)Ug.a BE d;
(F Jsd=) del ows & Rhizophagus irregularis

ol SUS 5 155850 gl S o SSle alis

p-Cymene dojs o iy oS sl Ol (Y (IS8) sl

22 (‘ijlsg

\o k_éf.ﬁﬁ)l.a.::‘).}()m

5 (Lo s ¥2/AN) y-Terpinene dalis jles s (do 3 VF/14)
Funneliformis z,6 5,5 (Loys YO/VY) Thymol
5 6L LS 4 ke aulis .l Cosa mosseae
p-Cymene Ao s o i oS sl oL (7 JKS) dals [l
V- 3o (p i 5 00 Al slad 4 by e (Ao )y \W/PY)
53 (o3 YO/Y0) Thymol 5 (aws s ¥#/AY ) Terpinene
el Cwsas Azotobacter chroococcum s Sbos 8 rl.(;a
2 el DS 5l sl iz Sl Sl 4 i
ol ol o3l OLES O J s
o 1 Dlis  Steer addlas o
Siad (2 5 kol aiys b ol Bl 8 s
5 ol Ble sl o (romen A sdalie s jae Coie
S s 3 b i e i 51

Bl sl L olS plis


http://jspi.iut.ac.ir/article-1-1716-en.html

Table 5. Comparison of vermicompost, mycorrhiza, and azotobacter on the essential oil compounds (%) of Trachyspermum

copticum
Treatments o-Thujene B-Pinene Sabinene Myrcene a-Terpinene
ViMiA, 0.111 0.70ab 0.27h 0.30cde 0.24gh
ViIMiA; 0.36gh 0.46b 0.62cd 0.35a-¢ 0.45a-¢
ViM2A: 0.33h 0.90a 0.52ef 0.33a-¢ 0.48a-d
ViM2A: 0.39fgh 0.15¢ 0.46f 0.44a 0.51abe
ViMsA, 0.41e-h 0.80a 0.89a 0.37a-d 0.36d-g
ViMsA; 0.51cde 0.72ab 0.75bed 0.36a-¢ 0.42a-f
VaMiAg 0.44d-g 0.77a 0.33gh 0.24e
VaMiA 0.52cd 0.69ab 0.52ef 0.32a-e
VaM2A 0.61bc 0.82a 0.45fg 0.33a-¢
VaM2A, 0.37gh 0.88a 0.66¢cd
VaMsA 0.44d-g 0.91a 0.74bcd
VaMsA: 0.38fgh 0.79a 0.82ab
ViMiA; 0.48def 0.68ab 0.78abc
ViMiA; 0.53cd 0.86a 0.74bcdn
ViM2A; 0.44d-g 0.88a .69bcd .
V3M2Az 0.72a 0.64ab - 0. 0.30cde 0.54ab
V3MsA; 0.68ab 0.69aba < 0.75bc 0.28de 0.38c-f
ViMsA: 0.66ab D\79a Obced 0.35a-¢ 0.41b-f

Sl Loy 0 JL&}'&MJJ}\J@MWQPﬁ)éd%ﬁdf&f‘d}dbbéu&ﬁgﬁ
Means within each column followed by the e letter are not significantly different at the 5% probability level.
V: Vermicompost (0, 5, and 10 t ha'), M; My&egthiza (No application, Rhizophagus irregularis and Funneliformis mosseae), A: Azotobacter
oococcum fNo application and applied)
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Table 6. Results of correlation between morphological and yield traits of Trachyspermum copticum
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* L S oA LS ) N € L _ ek
L o . g eAlFL dolas sl s lF B e
o Essential S . ek Stem yield ¢ A Number of ; Inflorescenc |
. Essentia ; Lo At) ° . Sy Main Stem inflorescence P : Plant
Essentia Toil oil Biologica Seed with Latera rool diamete elength e diameter heigh  Traits
loil eld percentag lyield Root Shoot yield  inflorescenc ~ Leaf Lroot Jength 2 Number of h
harvest ~ Y© e dy  yield e yield | en - lateral stems
index weigh ength .
t -
17 16 15 14 13 12 11 10 ¥9 v8 7 v6 y5 y4 V3 2 yl
- 1 yl
1 022 y2
- 1 000 072" W3
‘* * 1 043" 024 -020 v4
1 022 028 0.05 0.11 y5
1 0.11 0.06 042" 0.04 049" y6
1 040" 033" 052" 0.74" 0.00 0.62" y7
1 041" 0.70™ 021 0.04 037 0.024 046 y8
039" -0.32 055" 0.09 -0.23 -0.20 0.01 032 y9
1 -0.32 022 0.08 0.14 0.11 0.19 0.09 -0.00 0.11 yl10
1 0.85™ 044 0.30 0.11 0.26 -0.13 022 0.12 -0.00 0.13 yll
0.59™ 057" -0.13 -0.20 034 -0.01 -0.03 -0.09 0.00 0.18 yl2
028 0.16 031 0.10 0.18 0.04 -0.06 0.00 0.12 0.14 yl3
057" 051" 0.02 -0.11 -0.19 -0.03 -0.05 -0.07 0.05 -0.08 yl4
1 027 -0.09 0.18 -0.01 0.13 0.18 -0.02 -0.06 0.05 0.00 yl5
1 0.86™ 0.12 -0.32 039" 0.06 032 0.05 0.08 0.01 0.10 0.09 yl6
1 0.85%* 0.80™ -0.17 057" 038" 0.18 045" 0.04 0.07 0.07 0.05 0.14 yl7
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", ™" significantly correlation at =0.05 and a=0.01 probability levels, respectively
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Table 7. Results of correlation between essential oil compounds of Trachyspermum copticum
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a -Thujene  Sabinene [ -Pinene  Myrcene a-Terpinen p-Cymene Limonene 1.8-Cin$)le v -T ene Thymol Carvacrol
a-Thujene 1
Sabinene -0.01m 1
B-Pinene -0.18" -0.23s 1
Myrcene 0.08 0.25m 0.18" 1 “‘
a-Terpinen 0.14m -0.02" 0.05" 0.35%* 1 ““\
p-Cymene -0.17m #5_() 30 0.25m -0.20" -0.22" 1
Limonene 0.26" -0.02n 0.12m 0.11m 0.23m™ 0.1 1
1.8-Cineole -0.19ms 0.12m 0.09ms 0.221s -0.01™ -0.10™ 3 -0.19m 1
y-Terpinene -0.02" -0.29" 0.01m 0.06" 0.06™ ‘: 240 -0.02ms -0.05™ 1
Thymol -0.02" 0.25m -0.19™ -0.13™ -0.&} 135 -0.02" -0.23™ -0.38" 1
Carvacrol 0.02m -0.11m 0.22" 0.04"s \Q 0.02" 0.01" -0.33" -0.21m™ 0.18" 1
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