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Abstract

Background and Objective: Ajwain, a medicinal plant, is widely used in traditional and modern medicine and in the
food, livestock, and poultry industries. This study was conducted to investigate the effects of organic and biological
fertilizers on the quantitative and qualitative performance of ajwain and the sustainability of its cultivation.

Methods: A field experiment was conducted in a split-factorial arrangement based on randomized complete blocks design
with three replications to investigate the effects of biofertilizers on the quantitative and qualitative traits of ajwain.
Vermicompost was applied at three levels of 0 (control), 5, and 10 ton ha™! as the main factor. Mycorrhizal fungi were
applied at three levels: no application (control), application of Rhizophagus irregularis and Funneliformis mosseae, and
the presence or absence of the growth-promoting bacterium Azotobacter chroococcum.

Results: The symbiotic interaction among the mycorrhizal fungi (Rhizophagus irregularis and Funneliformis mosseae),
Azotobacter chroococcum, and vermicompost significantly improved growth indices, yield of plant organs, and essential
oil (EO) yield, but did not significantly affect the EO percentage and phytochemical compounds. Funneliformis mosseae
had the greatest impact on aerial parts, including the number and diameter of lateral stems, stem diameter and seed yield,
while Rhizophagus irregularis played a more effective role in increasing root length, root weight, root development and
seed yield. However, the use of organic and biological fertilizers did not significantly affect the major EO compounds.
The highest contents of p-cymene (15.05%) and y-terpinene (48.40%) were obtained with vermicompost (5 and 10 ton
ha™!, respectively), and thymol (35.74%) with Rhizophagus irregularis.

Conclusion: The results highlight the importance of using organic and biological fertilizers to enhance the quantitative
yield of ajwain. However, it seems that the quality control of EO is not affected by the treatments used and may depend
on genetic factors and other agronomic treatments, including stresses.
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Table 1. Characteristics of the studied soil (0—30 cm layer) and vermicompost

(Soil) SL=
<ab Cops PH 05,05 oslizl LB s oslid L6 poly Jolae podS Sl S oS
Texture EC (dS m™) N (%)  Available P (mgkg')  Available K (mgkg')  Calcium carbonate Organic
equivalent (%) carbon (%)
st 246 770 0086 89 213 126 0.8
Sandy loam
(Vermicompost) <o 58 259
Sopd PH o5y b ey & 1S T Soske
EC (dS m) N (%) P (%) K (%) s Organic
matter (%)
C:N ratio
LS| LS|
A ey
- k5
0.84 771 100 P(%) O K S 21.9 38.6
P20s (%) K20
0.65 1.49 0.48 0.52

ey 2SSl S Ve Sl Al e s w00 50 2
Lo esls I3 oy B Jld cl.\j\ Qoo [ Foo glyls a5
sl st Lol s (Karegar Hajiabadi et al., 2015)
s Jsloes 53 agds Vo e 4 L5 o Layds (s
LAs esls 13 Ved CFU mL! bl U o sL ol
Sy peds j glacde >y (Naghdibadi et al., 2013)
0,35 b a3 3 el g, Bl g Ly e
i 3L bl 25 okl Slles A plil (2l
23 Sa 93 53 5 Sle el Oy pons s ol Ll ol 5 elS
ol Sy L Obijan 5 olo g 2l 50 .25 5 2 o atin
a s sl ki sy Oles .L.Zcb.-_}l el ool sl
ol (‘Loj S8l gl s S (ool poiilasl (s s
5 €5 gl s ol DS e s s Ve Sl S 0e
gote Sk Sl el b e b s ol ey, Jsb
Loasle Jas o o318 Jsb o3l IS e bus (g, 8ol
Sles 5 b dle sl s ¢, Sealul S SWS
Bl o5 5 035 e Glp kel oy 2 oled U 3T IS

S shls slagudT S 5 (6l 1 a) 3T S bl ol en w

LS5k b B s Sl Sson b
Trachyspermum sla, 3 A5 | > ) S aw )5 Bslas fulS
(eelos el 5203 S Slasilin b eslinal 3, 50 copticum
St gpaS 05 A g Sl 5 s K Sliiond a0 |
Jols Ol LS 53 5 Ve 50 (dall) i o s o
(Mi—aall) 5,058 O3 Cla_.q A 53 1558 g s el
sl S

5,58 9 Ai=>,)8 Osd 5 Rhizophagus irregularis-Ms

9 Funneliformis  mosseae-M;

Jﬂ)ls

Azotobacter chroococcum strain 5-A; Ad; S e 5 SL
ble mes olwoslel Sldas sy o5 Jelse Olssan
il Ssde SIS Sl S Lslast sl oS o
SV sl b o S a5 2 Sl YOXYe S salols . us
25
039 58) ey o gaS oy il slie (S 51 Sy
A bt S L e Ga S nlis s 3 5 o3
s plbil D50 & TR W B bl s slas s
st go 515 005 (W) 5 ad gl Joll) )0

S Ms s Mo slajles S s S g 508 O 5 S

Q¥


http://dx.doi.org/10.47176/jspi.16.4.21791
http://jspi.iut.ac.ir/article-1-1716-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21791 ]

g oS i (b Slaasl a5 T slasS ST

S35l patlE los 5 (Adams, 2017) > wcich

@l:s
g by sbel oSl gl ml Wl
Gz Ok Hles 5o Guilal deo s ey (e gaeS o0
b e CegpeS o0 255 S 5o (5 Ve Graas 5058
oamen (Y Jsd) s sdaline Ao s YTV 5 VAY (Sls
S a3 e Slasla (Lo o oS 5l OLES il
Ll (il 35 bl Ol il sdes LS 5 s
0 b me 4 late Lo 3V0/00 L eyl Aoy o nis
b oo 5=l doss (i 3 S e a5 51 U3
Sy G 5aS 059 588 5 (5 V0 LB s 3l cdsys YA/ o
Sl eslial O Bl b a by e Jgass Aoss op it 5 el
351 (Lo s YO/FY 5l 1) CnsenS 09

als 3 Slas n SUgsl 5 CpmeS poss HSen
5,08 VoAl 5 GSU5l5,,8) ViAg slajlag o sls ol
el ol sals | Ll S Sdes i (G gneS 055 5 0
s 5 wliaS Bl s SUsHl e B Sol
(bl cpl s s v 3eaS 55 Lo gta Cla.d |
A5 Shes 3 g0 0 2le o aS 05 o (1S
il (g a8 s VL sl s SLSI L OT S 5 s
O )

S sl Ol calse slajles Sl ol Glaesls )
Slio p SUSH 5 sl wasmaS sy S5 AL
Sl sl 53 3 55 s Ol s ol bl s Slas 5 g,
Sl 53 Gl BIOA) (318 b o i (7 Jst)
(Funneliformis mosseae 3 CwsaS 55 o5 0) VoMs
(o sl QA 550) olS gl ) o iy e LS odalie
308 05k &S op VIMs 5 VIMa sbajles a4 by
el s 0 15550l Sl eslizad b 5 o geS 05

&l JJQA&J:\J.“:)}_{?A BE) C,wu)?aguﬁj_} U‘:MJ" )5(

a0

b‘)lsa.h K) ob‘)'unl...&

53 A 30 Il OAESU Sl g a5 &ls (b 5 55
ol ads b dlaws @3l 5l eoliial b aee glos 5 4l
WS Shas mor Jol oslestls 5 Shos s (5,031
5 olestls mar Jol 55 3 Shos .l @l 5 Sl
05 i 55l p S 00 (il gl (sl ol iy
¥ ode g ol b s hs) a5 oS olaws Sl eslial b
S S35l o (Telcietal, 2011) wi 5,8 bl cela
@ S bl S35 Ao )d isad o Sl Lol uilad 055
5> bl 3 Shas 50 sk LS araloee S0 adsl O35
A3 S Hd e s sdelisa slado s o A=
DS 53 G55 (el Oljee e 5 s 5 0l 05 LS
ol end GC s oy il stias |05 OS5 s 5o

=38 IS 5y S 51 eslinal L Wl olbs
dbe b 538 SIS by s A pldl (GOMS) o r
ki s Oyt 5 FID LT & jeme Agilent 7890A
5 Gy b gl 238 13 esliud 5,5 DB-S
el el O ola S el o e YAR °C Sl Sl
03 3 A&Bd )5 gk 4 3 Y e W LYY °C L Fo 5l Les
s Vo S b pegrdes az 3 Y20 w1580 s
S ards Ve e s los ol 5o B 5 aEs 55 sk
2 Ak oV Ob i e L OS5 a8 4, JSa el 58
oaws 3 eslizal L yulel olS 5 elelbs g aids
s b 4 Juate Agilent 7890A 8 Gl S sky S
4y Sy Oy kb ol s ler ¢4 5l Agilent 5975C
A 52 GO L alis O oS asliy 5 55 DB-5 ¢ 5
°C oV auil 5 les 5 YPe °C 5,5 abaioes los d ab S
0352 A4/288 ol o L psds ol 50 s YA
S O dgb s b e Al Yo Ce LS
L bl sdas |25 (gl3> (Solouki et al., 2023) .S
Gl 5 L gl alie 5 OLS 5 oz glacib )y
s bl 53 sem g0 Sledbl 51 eslizal 5 3,k


http://dx.doi.org/10.47176/jspi.16.4.21791
http://jspi.iut.ac.ir/article-1-1716-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21791 |

CJ'J&"AJ"’UQ‘L? \f“f/f)l.e ajw/rhbjudb/al:fjxsu Ly,

ul.:.o‘)alﬁfuwl.wlg')l.tsj)l (_?J")J""L"" szﬁs;mxdda)) :;S;luﬁlz.awli» A d}-\?:

Table 2. Means' comparison of the effect of vermicompost on the essential oil percentage and some of essential oil compounds of
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Fig. 1. Means' comparison of the interaction effect of vermicompost x azotobacter on seed yield of ajwain. Means followed by the

same letter are not significantly different at the 5% probability level according to LSD method. V1, V2 and V3 stand for vermicompost
application rates of 0, 5, and 10 t ha™!, respectively; Al and A2 indicate no application and application of Azotobacter chroococcum,
respectively.
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Fig. 3. Effect of Azotobacter chroococom on the percentage of
main essential oil compounds in ajwain. In each group, means
followed by the same letter are not significantly different at the

5% probability level according to LSD method.
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Fig. 2. Effect of different mycorrhizal fungi on the percentage
of main essential oil compounds in ajwain. In each group, means
followed by the same letter are not significantly different at the
5% probability level according to LSD method.
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Table 5. Means' comparison of the effect of vermicompost, mycorrhiza, and azotobacter on the essential oil compounds (%) of

ajwain
a-Terpinene Myrcene Sabinene B-Pinene o-Thujene woled
Treatments

0.24gh 0.30cde 0.27h 0.70ab 0.111 ViMiA:
0.45a-¢ 0.35a-¢ 0.62cd 0.46b 0.36gh ViMiA;
0.48a-d 0.33a-¢ 0.52ef 0.90a 0.33h ViM2A
0.51abc 0.44a 0.46f 0.15¢ 0.39fgh ViM2A:
0.36d-g 0.37a-d 0.89a 0.80a 0.41e-h ViMsA:
0.42a-f 0.36a-¢ 0.75bed 0.72ab 0.51cde ViMsA;
0.34e-h 0.24e 0.33gh 0.77a 0.44d-g VaMiAg
0.41b-f 0.32a-e 0.52ef 0.69ab 0.52cd VaMiA:
0.44a-¢ 0.33a-¢ 0.45fg 0.82a 0.61bc VaM2A
0.38c-f 0.41abc 0.66¢cd 0.88a 0.37gh VaM2A,
0.52ab 0.44a 0.74bcd 0.91a 0.44d-g VaMsA

0.55a 0.31b-e 0.82ab 0.79a 0.38fgh VaoMsA:
0.29fgh 0.33a-¢ 0.78abc 0.68ab 0.48def ViMiA:

0.22h 0.43ab 0.74bcd 0.86a 0.53cd ViMiA;
0.24gh 0.32a-¢ 0.69bcd 0.88a 0.44d-g ViM2A
0.54ab 0.30cde 0.68cd 0.64ab 0.72a V3M2Az
0.38c-f 0.28de 0.75bcd 0.69ab 0.68ab ViMsA;
0.41b-f 0.35a-¢ 0.70bed 0.79a 0.66ab ViMsA:
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Means within each column followed by the same letter are not significantly different at the 5% probability level according to LSD method. V1, V2 and
V3 stand for vermicompost application rates of 0, 5, and 10 t ha™', respectively; M1, M2 and M3 show no application, and application of mycorrhizal
fungi Rhizophagus irregularis and Funneliformis mosseae), respectively; and Al and A2 indicate no application and application of Azotobacter

chroococcum, respectively.
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