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Abstract

Background and objectives: Savory (Satureja hortensis L.) is an aromatic plant from the
Lamiaceae family, known for its bioactive compounds, such as thymol and carvacrol, which
possess antioxidant and antimicrobial properties. These compounds have applications in various
industries, including food and pharmaceuticals. Biofertilizers like mycorrhizal and Trichoderma
fungi offer advantages over chemical fertilizers. These include reducing toxic substances in the
food cycle, improving soil physical and chemical properties, and being cost-effective and
environmentally sustainable. Trichoderma species promote plant growth through various
mechanisms, including the biological control of soil-borne diseases by producing enzymes and
antibiotics and direct antagonism against pathogenic fungi.
Methodology: To evaluate the effect of Trichoderma harzianum on growth parameters, yield,
and essential oil composition of savory in organic culture media, a factorial experiment was
conducted using a completely randomized design with three replications in the Horticultural
Science Greenhouse of Mohaghegh Ardabili University. The experimental treatments consisted
of two factors: 1. Organic matter at three levels: Control (soil and sand mixture), Soil and sand
mixture with 30% spent mushroom compost and Soil and sand mixture with 30%
vermicompost. 2. Trichoderma harzianum inoculation at two levels: Inoculated and Non-
inoculated (control). A 2 cm layer of coarse sand was placed at the bottom of the pots to ensure
proper drainage. Savory seeds were initially grown in small pots and later transplanted to the
main pots at the two- to three-leaf stage. Standard agronomic practices, such as irrigation and
weeding, were maintained throughout the experiment. At the end of the study, vegetative traits
(plant height, leaf area, dry weight of stem and root, number and length of secondary branches),
physiological traits (chlorophyll index), nutrient content (N, K, P, Mg, Zn), and essential oil
yield and composition were assessed.
Results: The results demonstrated that organic fertilizers and Trichoderma inoculation
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significantly improved vegetative growth and quality traits compared to the control. The highest
dry weight of aerial organs (4.82 g) was recorded in the vermicompost treatment, while
Trichoderma inoculation resulted in 4.87 g. The highest chlorophyll index (26.86) was observed
in plants treated with Trichoderma and vermicompost. Nutrient analysis showed that
Trichoderma inoculation significantly increased phosphorus (3606.3 mg/kg), nitrogen (2.55%),
and magnesium (55.64 mg/kg) content. In organic substrate treatments, vermicompost
application resulted in the highest levels of zinc (47.87 mg/kg), nitrogen (3.06%), and
phosphorus (4143 mg/kg). The highest carvacrol content (71.90%) was observed in
Trichoderma-inoculated plants, while the highest essential oil yield (0.599 mL per pot) was
found in plants treated with Trichoderma and vermicompost.

Conclusion: The findings suggest that organic substrates combined with Trichoderma fungus
can serve as an effective alternative to chemical fertilizers, enhancing both yield and essential
oil quality in the organic cultivation of savory.

Keywords: Essential oil, organic growing media, Trichoderma, medicinal plant.
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oS 2 5 (St pasle S elul skt

s w8 S Sl pola Sose 4 S an

w2 e gl olss 4 sl cany lasl S0l

Ay 0593 b5 L ) b Sl u.fij

525 il COM200 Jua) e s JS 51 snlisal L
A ol (1Kl

sl ole
5 obls sl Pl plie ol o oshie 4
SR N del bS5 K ol
r}f R R LR PRRR VRS G P
e S N S L elS ean sy Sas s
Ak eals 13 0,58 53 g A, Sem Ap 5 5 )
o Sl a5 00+ =F o a5 1y 0558 Sl ans
bowas wzhsaSS b cnl 5o cela g 5 058 ol

s 9 sl el

Loles 31 g sk ‘&.L‘}T o590 oL o
B \-wbjse.j" C)\-" L o-:)s'*e.\-‘ E) uﬂ 6\-“’;1«6.
s>y a3 ol ) oS sas, d\-‘*é}w
gl asbe glio 5 Ll ol ssba siales)
03y eolesls Ses 5 5 sy (Shs buy) vy
(s sl ey @) am, Sas 5 5
Sbcand (Sad 03y o sl w5 GS el
axss Ve b)) ol Jals os allas [ ba 290
Colg o s Laz ey Hl 3 (Celh FA Sse 4 (o greads
3 S Al gl S 5



AY

a0l s Ll &S Aoy 19/888 ol as s
Dy edd @i m e el e SASY ) e
LS el ool sbasle S8 4 budb b
Ll o e (C7-C 25) Jls by Sorded Gy

bl ab, bug 5 Losld Gy L ol

SV R PSR S 1 VR e e

N U P [ PP Y P S N P
SLoSle anglie 5 Luloly ases pll Gl
sslizal SAS A/Y Jl5ale 5 5l eas L Seslnl wlas
Jilas a3l 3l el b LLSle aglie as
5 eslizel b 55 Jlased ey 5 (LSD) Lls sine 3N

i sl Excel ) 3le 5

Jv\» woslly 4 e 5l Job s

Soo Lo sS 5 C’b L C“‘L 3 JT ciS b iy
WS ols oles (Y Jpa) w30 olS (S35, 50 Oliw
slass ol S gl sl glo g, call
s Wl 5 aty, Ses ohy oS, Claw (sl sl
L il S s o e il a3Le b
S o555l 84 Slio ol gl LSS 5 g
Dt dopn V mhe o il asle by an,
Sl J—u\a 4 by uﬁu dalie Jodo oy
gl cp i oS ol olas obls gl cals
oo oad et 5S4 by e (re il FV/-Y) LS
eSS sblS | a8 sy, o 9eaS 05 S\l Gl s
Sl sme Oulis C)\"" Conw guaS Xlas s > 0ad
G gsle YE/YY) pli,l Slade S 5 culw
3o aals pe o asl i oS 4 by
oSl alie s el cmes (Y 5as)
ol Ly sS, 5 ol b il ol Sl g P
fY) tui')‘ crpi b Lo S5 5 GJB L osas c-ﬁb
Sl (e e YY/VE) wale 4 cod (e sl

P U B VA P IN K A PR eI

O e 5 e s die K 4 plE ass
ol & Vs ¥ Suu S el sl Je Ve b,
plam 595 0555 we als Sl b ez L)
Dol 2522 o el 55 00 28 sl csole oy
Jals a4 FY Lty slo 8 5 s 5l 1) san ag
238 Glo b as als Lpe I e Ver o353 b
350 w5 el hud S o3l Gl
o N ealial b S i ol ee .28 8 )5 eslinal
Sheslaal b (sl wladse 555 K)o S5
3lie 5 VER/D o Jsb 5o gy Sl oSans
p&°@~ﬁ&bﬁd|wﬂﬁﬁjﬂw@.
(LSl 528 cale JENWAY  S,L) g
(Hamada & EL- enany 1994) .z o Ss;ll
PR PO SN T S R RS PR S R 95 RY
5ok s Ao an bls oSS )

% rL?d\ A3 oo o gaml 2

ol sasas JSSis sl oS5l
S8 Fe s bl gl ok 4
4 olms 5l e sams 8 asla w5 S slaases
Sgedd 3 gsx 4 aS a0 \F UV S0 cusb,
A eoly Ool o cell Y Sse 4 S W s
FISV-RE V- TN S g bw g sdal s 4 sl
58 sbelEans 5 bl ey olelis ol
5 Kl pe8 call 7890B Jus (GC) 3l S5l S
(GCIMS) oz imeish 4 Juae IS 5iLos S 58
cwu.ia Kaws 4 sad Jaw BHITTA  Ju
DB-5 aiise st 3 s S ealiwa! Satuorn Il s~
YOo b s, ¥ Job 4 JEW oS e el
s Ser /X0 2l ghe calhs L S
Fooadsl Gl 3l g SOl oAl as esladd
I8l amon YV Ll gl b ol S sl as s
RS IR PV IK U UMDV SV TGN S
L opsale s & ol @ous slad 5 bl 58 g



v e s 5 Ly S 5 GJ\B J:L

(P Jpaa) wols oL (m e 20 Js 479/0F)

(F 5 ¥ sbdsis) oSle amlie bl 4 ax 5 |
olasls 5 4z, Kas o35 » gﬂ CS ﬁ\‘
adyy S o5 Sle op it &S w3 S Gasia o)
w by (05 F/NY 5 /FF) Cop o slsle
O\ 4 55 CewgaS pass e 3 03,5 a3, LS
ke opeS 5 amalh Sles ol s by ()l fme
Lo GIY/IYE 5 /YY) iy a Ol ool Gl
LossSu s gl b il oole 5l iz a5 aal o,
Ble Hlade oz &S o ol Bl Sas 3y
oS s C)b Lo C“”L oLl sl (TJ? Y/AV)
s aale ol 4 b e o ol (o S Y/7Y)

ceiS e 5L Bl ) oSl anlie s
e op i oS 0l olas Lys S 5 C)b L C“”L 5 S
Diosn oblE Gl Gueusle Y8/A8) sle asls Jb
g8 b S s Jobs capaS e o sl
e Jsb e oS 5 Bay edd il Ly s
Wl iys, oblE 4 by e (e ol \WW/YY) il
(0 Jpa) 352 sl ot 5 T 355 9k st 5

AO

Gy gl bl y (T Joaz) sl plas (ols sme
2 C’b L (:LL 5 oS b bl sl 1ol
Joaz) culsy b pme 85U b basls slow
ot S ol las b ke 4 s el Cmizen (Y
0) 5 (/YY) Cw ja Bl basls slow o xS
5 CamgmaS s Sole e 5 sas cS HLLS s
Aoy Lo CL‘” oz (Y sus) Sel Cawdy aals LS
b 48 ol LS 256 L il sl sl ] ool
goB L eas mils ol o S sbasls sl
55 (O/AN) ol ol oS 5 (AN LyssSS s
(P Jsam) dal oy 256 L osSale s pLS
Sl plas ) casS g x50 ke 4ol
(pr fode YVNO/0 ) S phu ol oo rien
Sols S 55 CawgnS o)y e 2 oblS 4 by
Sr ol Ol S 5 sl wala b ol e
sanlice Klaws G eSS g o (@f Sadee AYY/0)
oSile aglis s el pized (¥ Jsaz) 20 8
C)L"’ Losas C“'L oLl ‘G)G L C“'L ool !
VWOMEY) S, e ol ot LyosSSy
aali b ool dre Sule a8 smals 1) (me e e



(Satureja hortensis) s ; ofgjj_,é)_,n oliw vsj,ﬂuﬁ;w: @ls)cﬁ:.{;.qj;f: oobols a3 =Y Jsus

Table 2. ANOVA of cultivation medium and Trichoderma effects on some Satureja hortensis morphological traits

M.S.

d.f. Plant height Number of Leaf area Root dry Stem dry Carotenoids Greening index Lateral

S.O.V. lateral branches weight weight branches
length
8\‘/"')“"3“0” medium 2 710" 30.16™ 246714” 0.08" 4.69° 2.00™ 0.63" 47.33"
Trichoderma (T) 1 588.58™ 46.72" 165696 0.004"™ 6.84" 4.43™ 2.26™ 2.40™
MxT 2 14.80™ 1.7 18819.5™ 5x10-2" 0.22"™ 0.66™ 0.61° 2,52
Experimental error 12 0.18 2.33 17667.61 5%10-3 0.77 1.07 0.94 11.62
C.V. (%) 16.35 20.36 12,51 19.87 20.73 25.09 18.46 15.98
ns " and : non-significant, significant at 5, and 1% probability levels, respectively.
(Satureja hortensis) s . G54 58,50 Slio S p CilS g ,;1" ‘_,S/VL.‘ bl =¥ Jous
Table 3. Means comparison of cultivation medium effects on some Satureja hortensis morphological traits
L . Plant height Number of lateral branches Leaf area Root dry weight Stem dry weight
Cultivation medium >
(cm) (mm°) @ (@

Soil (Control) 26.32° 5° 1139.5° 0.22° 3.24°
Vermicompost 47.022 9.33° 1215° 0.44° 4.82°
Mushroom compost waste 42.02¢ 8.16° 832.5° 0.42° 4,71°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 4. Means comparison of Trichoderma effects on some Satureja hortensis morphological traits
- 2 -
Treatment Plant height (cm) Number of lateral Leaf area (mm?) Stem dry weight
branches )]

Control (Non-inoculated) 32.76° 5.88" 966.56" 3.64b
Trichoderma 44.2° 9.11% 1158.44° 4.87°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5. Means comparison of cultivation medium x Trichoderma effects on greening index and lateral branches

length of Satureja hortensis

Cultivation medium Treatment

Greening index (CCM200)

Lateral branches length (cm)

Mushroom compost waste Non-inoculated 138 19.66*
Inoculated with fungus 2.37° 24.4°

Vermicompost Non-inoculated 1.46° 21.26 ¢
Inoculated with fungus 2.53" 26.86%

Soil (Control) Non-inoculated 1.28° 18.56°
Inoculated with fungus 1.35° 23.17"

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 6. ANOVA of cultivation medium and Trichoderma effects on aerial parts nutrient content and Satureja
hortensis essential oil yield

SOV, d.f. N K P Mg Zn EssenFlaI oil
yeild
Cultivation 2 1.20° 0.31™ 2519% 223.24™ 271.81" 0.086
medium (M)
Trichoderma (T) 1 0.92™ 0.68* 7264* 94.97% 88.75™ 0.068™
MxT 2 0.05"™ 0.09™ 7269™ 413" 16.2" 0.009"
Experimental error 12 0.30 0.15 15972 78.94 64.03 0.001
C.V. (%) 17.08 18.39 11.73 14.27 18.39 10

ns:* and *: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 7. Means comparison of cultivation medium effects on Satureja hortensis aerial parts nutrient content

Cultivation medium N (%) P (mg.kg™) Zn (mg.kg™)
Soil (Control) 2.26° 2930° 45.69%
Vermicompost 3.068° 4143° 48.87°
Mushroom compost waste 3.016° 3124° 35.95

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 8. Means comparison of Trichoderma effects on Satureja hortensis aerial parts nutrient content

Trichoderma K (%) P (mg.kg™) Mg (mg.kg™)
b a )

Non-inoculated (Control) 2.55 3204 59.96

Inoculated with fungus 4.01% 3606% 64.55°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 1. Means comparison of cultivation medium % 7richoderma on Satureja hortensis essential oil yield
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 9. Cultivation medium and Trichoderma effects on Satureja hortensis essential oil compounds

N Compound RI T T, Ts Ty Ts Ts

1 a-thujene 924 1.2 0.1 1.2 0.9 0.5 0.7
2 a-pinene 934 0.5 0.4 0.4 0.4 0.2 0.2
3 camphene 947 0.1 0.1 0.1 0.1 0.1 0.1
4 sabinene 971 0.1 0.4 0.1 0.1 - 0.1
5 B-pinene 976 0.3 0.3 0.3 0.2 0.2 0.2
6 a-phellandrene 1004 0.3 0.3 0.2 0.2 0.2 0.2
7 delta-3-carene 1007 0.6 0.1 0.1 0.1 0.9 0.8
8 a-terpinene 1011 4 7.6 2.9 3.6 4.1 1.9
9 p-cymene 1024 1.4 1.3 14 1.2 0.7 0.4
10 B-bisabolene 1028 0.6 0.6 0.5 0.5 0.5 0.4
11 y-terpinene 1057 20 20.2 15.2 15 19 18.3
12 a-terpineol 1197 0.1 0.1 0.1 - 0.1 -

13 carvacrol 1288 65.7 64 70.9 63.9 62.2 69.2
14 thymol 1266 25 2.6 2.4 2.1 1.9 1.8
15 carvacryl acetate 1345 0.5 0.2 0.3 0.4 0.2 0.1
16 (2)-caryophyllene 1419 0.2 0.3 0.4 0.5 0.5 0.4
17 (E)-caryophyllene 1424 0.2 0.2 0.1 0.2 0.2 -

18 germacrene B 1542 0.3 0.2 0.2 0.2 0.1 0.2
19 spathulenol 1578 0.7 - 0.7 0.6 0.5 0.5
20 caryophyllene oxide 1580 0.3 0.4 0.4 0.5 0.5 0.4

T,: Trichoderma and Vermicompost, T,: Trichoderma and Mushroom compost, Ts: Trichoderma and Control (Soil), T4: Non-Trichoderma and Vermicompost, Ts: Non-

Trichoderma and Mushroom compost, and Tg: Non-Trichoderma and control (Soil).
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