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Table 1- Physical and chemical properties of the soil experimental region

oSS glan 52 sy e e S el
EC (dS/m) pH K (mg/g) P (mg/g) N (%) Soil Texture
0.83 7.4 247 6.6 0.049 el

Sandy-clay -loam

500k 5o Brany polie iz Glie p 1 ,sSee bzl g (Sis 25 1 bl 4o =Y Joaer
Table 2- Analysis of variance for the effect of drought stress and mycorrhiza inoculation on
content of nutrient in (D. moldavica)

. Olapo (ko
ot 2l ©olil az o - - —
Source of Variation df "”‘l“' ) @I WL"’ 2
Essential oil Nitrogen Potassium Phosphorus
A 2 0.365" 1.391" 0.135" 0.128"
Drought stress (A)
13 = (8 *k *% *k ok
’“’S‘”‘f & 1 0.605 5.434 3.476 0.933
Mycorrhiza (B)
BxA 2 0.334" 0.077" 0.042° 0.0003"
s
12 0.0042 0.167 0.085 0.002
Error
CV. (%)  Olpads <o pd 8.91 6.48 4.22 7.59

TN 50 el a1l cire gl gire yuf ol Say s g % OIS

ns, * and **: Not significant and significant at p<0.05 and P<0.0.1, respectively.
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(D. moldavica)
Table 3- Analysis of variance for the effect of drought stress and mycorrhiza inoculation on
essential oil component in (D. moldavica)

oy il Jotd
¥ 24l ;rT Josils3 Juilys Slw! Jis Jay oldgr 8 Jobd S|
S.0.V. ‘sd f) Geraniol ~ Geranial = Geranyl- Neral — Nerol — Caryophyllene Linalool | inalool
acetate oxide
“ ‘J:‘.;S ok * ok * ok ek ok *k
Drought 2 33.80 34.43 11549 12517 0.23 0.53 0.37 0.22
stress (A)
‘}i)’&"o ok * * * *
Mycorrhiza 1 21.67 34.77 29.41 14.38"  0.004"™ 0.03 0.013™  0.0008™
B)
BxA 2 0.48" 2.33" 406 218 0.15" 0.031" 0.089°  0.053"
1299
12 1.83 6.92 6.03 287  0.006 0.0036 0.021 0.0021
Error
B 2
Sl e 737 8.41 9.18 1470  9.68 12.55 12.77 10.91
C.V. (%)

TN 500 ezl mhaw jo s pme ls pe f o Sy i g NS
ns,* and **: Not significant and significant at at [)<005 and P<0.0.1 respectivel .
bl g g 2 y

=Y Jous aolol
Table 3- Continued

a0 ) . . Olw! Jeilsolis|
et @b S obe &3-oloys Jed Jeiss Oct ddy )
S.0.V. = Totarene Germacrene-D Phytol Vetivenol ctadecanol-
df acetate
A A 2 0.26™ 0.198" 0.51" 0.19" 0.53"
Drought stress (A)
15 ok
"“’S.':& 1 0.00005™ 0.026™ 0.04 0.00001™ 0.027™
Mycorrhiza (B)
BxA 2 0.062" 0.007™ 0.0037™ 0.029" 0.044™
s
12 0.009 0.013 0.002 0.0024 0.006
Error
Oy’ gy i 7.26 10.86 10.27 10.65 6.21
C.V. (%)

TN 500 ezl mlaw jo s pae ls pe nf o Sy i g 3 NS
ns,* and **: Not significant and significant at at p<0.05 and P<0.0.1, respectively.
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Table 4- Essential oil composition of (D. moldavica) in drought stress and mycorrhiza
(G. versiforme) Inoculation treatment

/B Cugb) jlme adsd’ GSlas ¢ /VO Cugb) jlre adsd ST S S pas
ol 0.50 MAD 0.75 MAD Non-stress
&olosb . - il pue . - il pus . - il pas
z)B b il z)B b il zHB L
Component No.  Retention & i No & : No 3 Cd-’-b. No
. Mycorrhiza . Mycorrhiza . Mycorrhiza .
Indices . . Mycorrhiza . . Mycorrhiza . . Mycorrhiza
inoculation . . inoculation . . inoculation . .
inoculation inoculation inoculation
Geraniol
( . 5) 1225 22.03° 20% 19.02% 16.19¢ 17.35% 15.6°
Joslss
(Geranial) b b b
- 1215 30.64" 26.43 34.01% 32.08* 33.29% 31.1°
Julys
(Geranyl-
acetate) 1323 24.05% 19.76° 30.96" 29.95° 29.08* 26.70"
il il 5
eral
(th,; ) 1168 13.68" 12.63% 11.62%¢ 11.98% 10.48" 8.80°
erol
™ .) 1132 0.46° 0.8% 1.13° 0.92% 0.93% 0.7°
Jos
(Caryophyllene) b
. 1320 0.5% 0.5% 0 0.6* 0.5% 0.3
b8
(Linalool) b od d be d
1014 1.36" 1.5% 1.02° 1.05°¢ 1.13% 0.8
Jokd
(Linalool oxide) b a . d
a1 Jallid 1221 0.5 0.62 0 0 0.36 0.21
Totarene
( G ) 1928 1° 1.2° 1.5° 1.5° 1.51° 1.3°
o)y
Germacrene-D
( ) 1420 1.21% 1.22° 1.15% 1.01% 0.90% 0.8¢
oo wley
Phytol
( y .) 1860 0.74% 0.65% 0 0 0.36° 0.2°
Joyid
(Vetivenol) b d
- 1680 0.6 0.7% 0 0.4° 0.35° 0.25
Jeisns
(Octadecanol-
acetate) 2210 1.66° 1.51° 1.12° 1.24° 1.1° 0.9¢

Olowl- Jgilsolis

RI, retention indices relative to C6-C24 n-alkenes on the DB-5 column.

)l K080 b s ys iy mhaes 4o (60 sime IS (STls yaesl bl oS e B> gl sla i Silo
Means that have a common letter, have not significantly different together based on Duncan test at 5%.
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D. moldavica)

Figure 1- Mean comparison of the interaction of drought stress and mycorrhiza inoculation
on essential oil in dragonhead (D. moldavica)

o a : WMAD 0.75 0/75 sk Lo 4la3 o :

% 25 % -
2 5 =
3 ‘?10 b §
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(S 5 il b 53 580k bl SLS 5 oliee Y S
Figure 2- Essential oil composition of D. moldavica content in different levels of drought
stress
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Figure 3- Essential oil composition of D. moldavica content in mycorrhiza inoculation levels
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Figure 4- Mean comparison of the effects of A. drought stress B. mycorrhiza inoculation
inculation on content of nitrogen in D. moldavica
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Figure 5- Mean comparison of the effects of A.drought stress B. mycorrhiza inculation
inculation on content of phosphorus in D. moldavica
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Figure 6- Mean comparison of the interaction of drought stress x mycorrhiza inoculation on
inculation on content of potassium in D. moldavica
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Abstract

To study essential oil components of Dracocephalum moldavica in response to
mycorrhiza fungus inoculation under drought stress condition, a factorial experiment
based on completely randomized design with three replications was carried out under
greenhouse condition. The factors of the experiment were three levels of drought
stresses [control, 0.75 maximum allowable depletion (MAD) and 0.5 MAD] and
inoculation with mycorrhiza fungi in two levels (no mycorrhiza inoculation as control
and Glomus verciforme inoculation). Essential oil components were recognized via gas
chromatography (GC) and gas chromatography-mass spectrometric (GC/MS). The
result showed that about 36 components in D. moldavica were identified through
inoculation with mycorrhiza under drought stress. Concentration of 13 compounds of
these were higher than the rest. Compositions of geranial (18.3%), geraniol (30.98%),
geranyl acetate (26.78%) and neral (11.94%) had high quantities in essential oil.
Drought stress and mycorrhiza inoculation increased the percentage of major essential
oil components. The highest essential oil percentage (1.24%) was obtained by
mycorrhiza inoculation treatment and drought stress at 0.75 MAD. Drought stress
reduced the uptake of nitrogen, phosphorus and potassium elements, while mycorrhiza
inoculation increased their uptake. The highest uptake of potassium was in non-stress
and mycorrhiza inoculation conditions. It can be concluded that mycorrhiza inoculation

under drought stress increased the uptake of nutrients and essential oil composition of
dragonhead.
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