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Introduction

Moldavian balm (Dracocephalum moldavica L.) is an annual herbaceous plant that belongs to the Lamiaceae
family. It is known for its production of essential oils and its medicinal-aromatic properties. Moldavian balm’s
essential oil is used for food, cosmetics, flavorings, and pharmaceutical purposes. Abiotic stresses include
drought, soil salinity, flooding, extremes of temperature, and contamination with organic pollutants and heavy
metals hamper plant growth and productivity. In recent decades, heavy metal (HM) pollution has spread across
the natural and anthropic ecosystems posing inevitable, serious health risks. Soil microbiota plays an important
role in the sustainable production of the different types of agrosystems. Mycorrhizae (a combination of
mycelium of the fungus and the roots of the plant) form networks that capture water and nutrients from the soil,
which facilitate the acquisition of the plant. Arbuscular Mycorrhizal (AM) fungi play a crucial role in mitigating
the oxidative damage caused by heavy metal stress in different plant species. Thus, interaction between
mycorrhizae, and plants can be an excellent strategy for sustainable agricultural production The aim of this study
was to determine the effects of mycorrhizal arbuscular on improving heavy metal tolerance in moldavian balm, a
medicinal and aromatic plant.

Materials and Methods

An experiment was conducted to study the effect of AM fungi on growth characteristics and quantitative and
qualitative yield of Moldavian Balm, under heavy metals stress at Research Greenhouses of College of
Agriculture, University of Torbat-e Jam. Treatments included mycorrhiza (inoculated and non-inoculated) and
heavy metals including lead (0, 150 and 300 mg.kg*) and cadmium (0, 40 and 80 mg.kg™) which were arranged
in factorial based on completely randomized design with 4 replication. Growth criteria, yield components,
essential oil content and photosynthetic pigments were evaluated. In this study, different morphological traits
(plant height, root length, root volume, stem diameter, leaf length, leaf width, leaf area, stem diameter, number
of branches), vegetative parameters (fresh and dry weight biomass, root fresh and dry weight), photosynthetic
pigment concentrations and essential oil content were measured. Data analysis of variance (ANOVA) was
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performed using IBM SAS software (Version 9.1) and the differences between the means were assessed using
Duncan’s multiple range tests at p< 0.05.

Results and Discussion

Results showed that with increasing the concentration of heavy metals in the soil especially Cd, most of the
growth characteristics and yield components of the study plant were significantly reduced as compared to those
of controls. Mycorrhizal inoculation improved these traits where plants were grown under heavy metals stress.
The highest biomass fresh and dry weight was observed in mycorrhizal plants grown in non-contaminated
medium, which was significantly higher than those of the other treatments. The highest biomass fresh weight
was recorded in non-stressed mycorrhizal plants. Biomass of fresh weight in non-mycorrhizal plants of Pb150
did not differ significantly from that of mycorrhizal plants of Pb150. Fresh weight biomass in mycorrhizal and
non-mycorrhizal plants stressed by Cd40 or Cd80 was lower compared to mycorrhizal and non-mycorrhizal
plants grown in non-contaminated media or contaminated media with Pb150 or Pb300. Furthermore, the lowest
Fresh weight biomass was observed in non-mycorrhizal plants stressed by Cd80. Root fresh and dry weight of
mycorrhizal plants was significantly higher than that of non-mycorrhizal plants. With increasing Cd or Pb
concentration in soil, root fresh and dry weight decreased as compared to that of the controls. Inoculation with
mycorrhizal improved the photosynthetic pigment concentrations under heavy metals stress. The highest
percentage of essential oil content (1.3% v/w) was observed in mycorrhizal plants stressed by Pb150, while the
lowest percentage (0.53% v/w) was evident in non-mycorrhizal plants polluted with Cd80. With increasing
concentration of the heavy metals, essential oil of moldavian balm was significantly decreased, but the essential
oil content in mycorrhizal plants was significantly higher than that measured in non-mycorrhizals.

Conclusions

AM fungi are widely believed to support plant establishment in soils contaminated with heavy metals,
because of their potential to strengthen defense system of the AM mediated plants to promote growth and
development. Mycorrhizal inoculation of moldavian balm promoted plant growth and, in addition,
mycorrhization enhanced yield as well as active substances in this plant grown in the heavy metals stress
condition. However, these approaches show promise in mitigating the adverse effects of heavy metals stress and
improve the overall health and productivity of plants. Based on the enhanced physiological and biochemical
responses, as well as increased essential oil content, it is recommended to use arbuscular mycorrhizal fungi
fertilization under heavy metals stress.
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Table 1- ANOVA for the effects of mycorrhiza on some morphological traits of Dracocephalum moldavica under heavy
metals stress

Olasyo (pile
5 ol @, Mean squares
S“.“O.V' &30 ol§ gl aBlw yad S o o Spdeb Sy Al Jeb Ay o
df Plant Stem Leaf Leaf Leaf Root Root
height diameter surface length width length volume
S 318
Heavy metals 4 91.52** 2.82*%* 6895.4** 86.12** 66.17** 52.98* 1.51**
(HM)
l}*‘)’gv"Lf’ et 1 31.51** 6.83** 11584.1** 144.72** 76.73** 19.2%* 1.47*%*
Mycorrhiza (M)
HMxM 4 4.23* 2.02** 1831.6** 22.86** 8.28* 3.06** 0.08**
ialejl sllas 20
Error
At 3.41 7.96 3.24 3.22 8.46 4.48 8.33
C.V. (%)

Sy S g gy Jlein] pdaw 55 I xe glas saimd lis s 5 T 9T g Iy e glas pae
"S: non- significant, * and **: significant at 5% and 1% of probability levels, respectively

O O3B 5 Cod g 3L 0L (lagy Ologaad 1 152,50k &5 51 il lg 500 - Y Jga
Table 2- ANOVA for the effects of mycorrhiza on some growth characteristics of Dracocephalum moldavica under heavy
metals stress

©laryo (Sl
oy gl “é‘;b R Mfian s?uares
SOV Gl Sl T ol LS Sias oy I OB L s gy el el sl
df Blomags fresh Biomass dry weight Root_fresh Root dry weight Number of branches
weight weight
S <l 318
i # 4 25.5%* 3.93* 1.23** 0.04** 17.04**
Heavy metals (HM)
5 b z,6
)))9& & 1 104.2** 1.54** 1.16** 0.03** 7.16*
Mycorrhiza (M)
HM xM 4 3.27*%* 0.31** 0.07** 0.0028* 0.5ns
Error
S s 5.45 9.78 9.07 9.42 5.70
C.V. (%)

Qo S5 g gy Jlein] e j la gire <glds syl el g 9 5 o re glds pas ™S
"s: non- significant, * and **: significant at 5% and 1% of probability levels, respectively
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Table 3- The Interaction effect of mycorrhiza on some morphological traits of Dracocephalum moldavica under heavy metals
stress (HMO: control; HM1: Pb 150 mg.kg!; HM2: Pb 300 mg.kg?; HM3: Cd 40 mg.kg*; HM4: Cd 80 mg.kg™)

S E) Wl kd Spghe S e iy, Jsb e
rpssale C:)u y ik Plant Stem Leaf Leaf S "’f"' Root Root
Mycorrhiza Heavy metals height diameter surface length Leaf width length volume
fungus k@) em em e @m0
HO 34.4b* 4.67ab 345.17b 38.64b 22.45hc 16.56b 1.72b
Bl il e HM1 32.83c 4.32b 309.14d 34.61d 20.56bcd 17.5ab 1.47c
QTR e HM2 28.67d 1.67d 293.37d 26.91e 15.52¢f 14.28¢ 1.27¢c
520555k HM3 26.65¢ 4.23b 240.15¢ 32.83d 17.69de 13.1d 1.03d
Non mycorrhiza HM4 25.5e 3.45¢c 189.59f 26.84e 12.91f 10.67e 0.68e
HO 35.94a 5.21a 362.62a 40.58a 23.8a 18.67a 2.26a
Bl sl HM1 34.05hc 4.43b 338.4b 36.89c 22.89ab 18.17a 2.14a
@F R HM2 33.16¢C 4.66ab 329.53¢c 37.52bc 22.76ab 17.82ab 1.86b
'}e.)aﬁe.l»_ HM3 29.75d 4.54ab 307.53d 34.43d 19.63cd 13.83cd 1.35¢
Mycorrhiza HM4 26.12¢ 4.1b 221.12¢ 32.69d 16.04e 11.17e 0.78e

A I gxe Juoyd gy Jlein] aws j3 (Sl (glaialsain 905l wlioly cygiw y2 ) aliie Cgys (gl dluel s
* Numbers with the same letters in each column are not significant at the 5% of probability level based on Duncan’s multiple range
test.

O 318 (G SOt a9 3L 0lS (oulg) Olwogaad 1152 j950le @58 1 (S 0 - F Jgsa
Table 4- The interaction effect of mycorrhiza on some growth characteristics of Dracocephalum moldavica under heavy
metals stress (HMO: control; HM1: Pb 150 mg.kg™; HM2: Pb 300 mg.kg*; HM3: Cd 40 mg.kg™; HM4: Cd 80 mg.kg?)

I52s95 2,6 s A0 sl Sgjy R 0) w200y S Ol
Mvcorrhi . . Shoot fresh P WES Root fresh Root dry
ycorrhiza Heavy metals (mg.kg weight . ight weight
fungus 1 g Shoot dry weight welg g
) @) )] @
Sl ke o HO 15.32b* 2.6C 1.54b 0.29b
. HM1 13.43cd 2.58¢ 1.32c 0.22¢
BoosSile HM2 14.03c 2.29¢cd 1.14c 0.24c¢
Non HM3 8.52 1.71e 0.92d 0.16d
mycorrhiza HM4 4.53g 1.08f 0.61e 0.12e
HO 16.72a 3.82a 2.02a 0.36a
o sole 2,5 b sale HM1 13.73cd 3.01b 1.91a 0.37a
RIPLE BT 2 ) HM2 15.3b 2.42¢cd 1.67b 0.28b
Mycorrhiza HM3 12.75d 2.11d 1.21c 0.23c
HM4 6.53f 1.16f 0.7e 0.13de

A I gae deoy iy Jlein] o 53 Sl (glaalsiin g0 wliolyy cygiw y2 > alie gy oIy dluel s
* Numbers with the same letters in each column are not significant at the 5% of probability level based on Duncan’s multiple range
test.

pais opl doxs )3 o)l gy ol SS9 JeSgyhn
P M 4 e a5 03)S kb e ) pre dLmM)’JT 5ol
NS e olS pn Sdplie ] plo g wdS Gy
sl Jooly Wgs (uuedlS pdaws il331 (Testiati et al., 2012)
gand dpuSTpp90 w51 Cllad s 15 5 Sl 1) oS00
S lgisdy s olds (Khan, 2001) wb o wli8l 58
090 LSL&M_{A]JJ‘ Clad C’L" .\Jl}:@ ‘M%w P (o pais
{355559)5) blis: slao3sS3, 3t > JMS1 L 5 355 Joko
.(Guo et al., 2007) >4 o5 clabloee  s95ds (6 5w gid s

it lS a5 > Sl (Sao Jiba)lS (Slyimo inlS

i s M SIS sl Jlaisd Gl b (Jisls
A8l 1 gt 50 Jli] ol 5 Candlg S
Cls o adbioe Jdg )l jriwgn > ol pole I mjie
S obul WS phe paie ol o S WSle S
) Fw > B el sl (Sae i Gl (pionen
5 205 010308 b I g (iSly 35 50 0335 b IS
b ShSetp bag g il 5 el ol g 5,5 0 )13
(Carrenho et al., 2,5 0 5w uSsw SH leole 4,8
Jeilow ooy S L b (S5 e eedlS .2007)
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Figure 2- The effect of mycorrhiza on the number of branches in  Figure 1- The ffect of heavy metals on the number of branches in
Dracocephalum moldavica (DMRT, p<0.05) Dracocephalum moldavica (DMRT, p<0.05)
Ol Oyt W39 6y il i LIS s 32y950ke 9 bl w5
£S5 ke Yoo Gy 039l (632,050l kS > agu ol il plod jd a8 o s pSow @l o 15,050 g ) B lie il
sl 5l il (gl gxe ot &S 35 Jols S p Sl @ Cawd gl QLS Lulsl olime i slajls zolaws
039l (55)950keyd LS ) ji bl (s (a8 29 b jlas 2 St il (gl dre SN (g5,5Gk (9l LS

(B JS5) 13,5 osalie ST p S 0kS 3 )5 oo Ar iS4 Ol 4 Cuns shysale Gl (pKiw bl gohw (sles

Qgm0 3L 8LS (g 5mwgid S0 5 ) (Sl 52 i SW3S 9 132,00k 5B 5T el g 42325 -0 Jga
Table 5- ANOVA for the effects of mycorrhiza on the photosynthetic pigments of Dracocephalum moldavica under heavy
metals stress

Slayo ke
Ol puntd @slio NEHETSY Mean squares
S.0.V df a Jadg ls b Judg,l5 JS by i Mgy,
Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
(i 1 4 45.25%* 9.43** 98.12** 13.53**
Heavy metals (HM)
lragsile 28 1 36.37** 9.25%* 92.64%* 6.8%
Mycorrhiza (M)
HM x M 4 0.89** 0.39** 1.41*%* 0.14ns
@:I\.J.Lo)" L;Ua} 20
Error
et ey 3.83 4.23 2.07 3.96
C.V. (%)

2oy S5 g gy Jein] grdaw )3 o dre glds adim ) lis gy T 9 g o xe gles pac
"s: non- significant, * and **: significant at 5% and 1% of probability levels, respectively
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Table 6- The interaction effect of mycorrhiza on photosynthetic pigments of Dracocephalum moldavica under heavy metals
stress (HMO: control; HM1: Pb 150 mg.kg*; HM2: Pb 300 mg.kg?; HM3: Cd 40 mg.kg*; HM4: Cd 80 mg.kg™)

152595 &, O Ol 548 a Judg s b Ly 5 55 Judg ks
Mycorrhiza Heavy metals Chlorophyll a Chlorophyll b Total chlorophyll
fungus (mg.kg™) (mg.g™* fw) (mg.g™* fw) (mg.g™* fw)
HMO 11.7cd* 4.9¢ 16.76d
] L HM1 12.23¢d 5.47d 17.69¢
Bussalo g8 b (Sjale pas HM?2 11.53d 5.16d 17.06d
Non mycorrhiza HM3 9.41e 4.27f 13.53¢
HM4 5.629 2.34h 8.42g
HMO 14.7a 6.78a 21.39%
. HM1 13.43b 6.36b 21.27a
bl @B L Jiale HM2 13.53b 5.93¢ 19.53b
Mycorrhiza HM3 12.36¢c 5.39d 17.82¢
HM4 7.48f 3.54g 11.02f

A I gre Moy iy Jlein] gaws j3 (Sl (glaialssin g0l wlely cygiw ya )3 aliie Cgys gl sluel s
* Numbers with the same letters in each column are not significant at the 5% of probability level based on Duncan’s multiple

range test.
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Figure 4- The effect of mycorrhiza on the carotenoid
content in Dracocephalum moldavica (DMRT, p<0.05)
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Figure 3- The effect of heavy metals on the carotenoid
content in Dracocephalum moldavica (DMRT, p<0.05)
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Figure 5- The interaction effect of mycorrhiza on the essential oil content of Dracocephalum moldavica under heavy metals

stress

(HMO: control; HM1: Pb 150 mg.kg™; HM2: Pb 300 mg.kg™?; HM3: Cd 40 mg.kg?; HM4: Cd 80 mg.kg?) (DMRT, p<0.05)
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