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Extended abstract

Introduction

Dracocephalum moldavica L. is a herbaceous, annual plant from the Lamiaceae family that is native to
Central Asia and domesticated in Central and Eastern Europe. Essential oil of this plant has
antimicrobial and bacterial properties and has many uses in the pharmaceutical, cosmetic, food and
perfumery industries. Lead stress in plants causes disturbances in mitosis, leaf chlorosis, decreasing of
the vegetative and productive growth stages and reduces photosynthesis and enzyme activities. One of
the effects of lead toxicity is due to the similarity of the structure of calcium ions and lead, and for this
reason, lead ions disrupt many mechanisms related to calcium ions and prevent the activity of key
enzymes.Photosynthesis is one of the most sensitive metabolic processes to lead toxicity, and several
studies have reported the inhibition of photosynthesis under lead stress in various plants. Lead prevents
the absorption of elements such as magnesium and iron. These elements play a role in the structure of
chlorophyll and the oxygen-releasing complex in photosystem II. Heavy metals such as lead inhibit
chlorophyll biosynthesis by inhibiting the enzymes gamma-aminolevalonic acid dehydrogenase and
protochlorophyll reductase. Also the availability of different nutrients in the soil changes significantly
under the influence of environmental stress so that using of vermicompost can be useful in stress
condition as well as Jasmonate. Jasmonate is the final oxidation product of unsaturated fatty acids such
as linolenic acid, that is effective in increasing the activity of plant defense systems under environmental
stress conditions such as lead stress. In order to study the effect of pb (0, 100, 200, 300, 400 mg kg
soil) and jasmonate (0, 50, 100, 150 mmol 1Y) on Dracocephalum moldavica L. under controlled
conditions in soil enriched with vermicompost and without vermicompost an experiment designed and
it was done under greenhouse conditions.

Materials and methods

This test was done in a random factorial design with 4 repeats and indices including CO. assimilation
rate, transpiration rate, stomatal conductance, water use efficiency(WUE), PSii photochemical
efficiency (Fv/Fm), photosynthesis quantum performance, electron transfer rate (ETR), were measured
in vegetative and reproductive growth stages.
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Results and discussion

In the conducted study, it was found that CO, assimilation rate, water use efficienty, stomatal
conductance and Fv/Fm were significantly decreased as lead concentration was increased. Also
jasmonate treatment significantly increased CO, assimilation rate, water use efficienty, stomatal
conductance and Fv/Fm in lead stress condition. So that plant treated with 400 mg kg soil pb and o
mmol 11 jasmonate showed the lowest CO. assimilation rate, water use efficienty, stomatal conductance
and Fv/Fm while plant treated with o mg kg soil pb and 150 mmol 1-* jasmonate showed the highest
CO. assimilation rate, water use efficienty, stomatal conductance and Fv/Fm. transpiration rate was
significantly increased as well as increasing pb concentration so that plant treated with 400 mg kg soil
pb showed the highest transpiration rate. Also jasmonate treatment significantly decreased
transpiration rate in lead stress condition. Vermicompost increased CO. assimilation rate, water use
efficienty, electron transfer rate (ETR) and significantly decreased transpiration rate in lead stress
condition.

Jasmonate reduces the destructive effects caused by stress on photosynthetic indicators such as the
amount of chlorophyll and carotenoids and also increases the performance of photosystem II and
consequently increases plant photosynthesis under stress conditions. It has been reported that methyl
jasmonate can maintain the concentration of chlorophyll in the reaction center, thereby improving the
speed of electron transfer and increasing the efficiency of photosystem II. In addition, jasmonate can
prevent the severe reduction of stomatal conductance under stress conditions and increase the quantum
efficiency of photosynthesis.

In the response of plants to stress, jasmonates act as genes encoding inhibitory proteins such as
theonine, hydroxyproline and proline, and in general, by activating defense mechanisms, they help the
plant in reducing the absorption and accumulation of heavy metals. Organic fertilizers can also improve
plant performance under environmental stress conditions. Vermicompost fertilizer increases porosity,
increases absorption and retention of nutrients, improves ventilation, drainage and microbial activity in
the soil.

Conclusion

Having nutritious mineral elements and plant growth hormones can improve plant growth in the
presence of environmental pollutants such as heavy metals by influencing the physiological
characteristics. It can be said based on the results obtained lead stress decreased photosynthesis index
through effect on electron transport chain and photosynthetic pigments while jasmonate treatment and
Soil enriched with vermicompost can reduce the destructive effects of lead stress. So that using of
jasmonate and vermicompost in lead stress condition Recommended.
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S b Sh CowgroS 503 S S 39
Soil characteristics Vermicompost characteristics

pH 7.75 pH 7.5
EC ds.m*? 1.14 EC ds.m 1.2
K o wd ol pulis  ppm 118 C Sles % 25
p i B yiwd  ppm 7.1 N JSoless % 2
N J0lar ppm 298 P o B s % 15
Pb POl © e ppm ND Zn oo BB g9, ppm 150
Soil texture S edl e —py) | Fe oo rws B ol ppm 8000
Cu o ppm ND Cu o ppm 20
Mn Pw  ppm ND Mn Pw  ppm 650
B ¥ ppm ND B ¥ ppm 30

ND:none detected
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Table 2. MANOVA (mean squares) for the effects of jasmonate levels and vermicompost treatments on Dracocephalum
moldavica L.physiological characteristics under lead stress

Vegetative growth TP
s NP
i qilio o1 ¢y g Slsanas! ey Ol Gpan )5 Gl colan  COz cdalé
5.0.V Df A E WUE gs AC
clgoulr 3 21.30™ 0.007" 2327.53" 0.001" 12.00™
Jasmonate (J)
Sy 6.95" 0.014™ 1094.50" 0.0005™ 48.36™
Lead (L)
X Oligewly 23.37"™ 0.015™ 929.04™ 0.0005™ 19.30™
Jasmonatexlead
_ CogSsory 20.80"™ 0.002" 55.91™ 0.000" 18.73"
Vermicompost (V)
ey CuwgpeS (09X Slgawlr g 20.09"™ 0.004™ 1877.93™ 0.001" 22.2"
X
- CowgpnS (09 X0y 6.86" 0.013™ 1735.26™ 0.0005™ 51.65™
X
[omaeopn Sl 1y 217 00217 1530797 0.002% 393"
X X
Error Ws 80 0.13 0.0003 6.84 0.00002 0.61
(9033) &l gk g i 16.14 14.590 11.56 17.650 20.07
C.V (%)
Reproductive growth |y Ay
s N
JUUE T 6‘>|}i 3 g Deoaan| By% ;_:T bGpan Hl5  lajgyculan CO2 cdale
5.0.V Df A E WUE gs AC
clgaulr 3 2.86™ 0.030™ 1521.23" 0.019™ 79.29™
Jasmonate (J)
S g 14.78"™ 0.069" 593.51™ 0.007™ 252.22™
Lead (L)
wroxolyeals 15 1486 0073 146657 0.019™  181.33"
JxL
. G0y g 15.43"  0.002" 93.45™ 0.008™  340.05™
Vermicompost (V)
Cgead o0y9 XSlgowls g 1,61 0.090™ 25327 0.025™  138.53"
Ix V
Lx V CowgraSs0ygX Oy 2323”  0076”  1673.92" 0.043"  258.08"
X
JCA.:Q-,;-:/SS")S X o lgaule 15 5.15" 0.0330™ 1036.78™ 0.014™ 315.85™
X X
Error Ws 80 0.19 0.002 0.982 0.001 1.56
(W0 33) Ol yuusd g i 20.47 14.250 7.022 20.12 13.49
C.V (%)

" and " significant at p<0.01 and p<0.03, respectively oy 05 ) Jlil a0 gl e cos i 4 F g M
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Table 3.effects of interaction between jasmonate levels, Lead levels and vermicompost treatments on Dracocephalum
moldavica L.on physiological characteristics

Vegetative growth 1 9y Iy
b pan 1) Colon O
CowganS 0y9  Olgomwls Oy Ggmedosl % ol 1439, Coz ke
Vermicompost Jasmonate Lead A E WUE gs AC
that mmol.I* mg.kg™ pmol m2s pmol.m?s % pmol m2s?
0 2.5407 0.045tw 5.720%W 0.050¢ 5.2509
100 1.210i" 0.065%u 18.7304 0.020" 2.675°
0 200 0.880m® 0.055™ 16.020 WX 0.0151 7.100f
300 0.2304 0.080"" 2.930vx 0.010i 2.800i"
400 0.160% 0.3672 0.430 % 0.010i 4.12591
Mean 1.004 0.122 8.766 0.021 4.390
0 2.960f 0.098k° 30.200%h 0.060° 4.095¢
100 1.580 Mk 0.110¥m 14.360™P 0.040¢ 4,325
50 200 0.790 M4 0.125 h‘f 6.360" 0.0259f' 3.000M™
300 0.640" 0.1409" 4480w 0.020" 1.5000¢
400 0.190" 0.180¢f 1.080Wx 0.020" 1.200P
0 Mean 1.232 0.131 11.296 0.033 2.824
0 5.1409 0.025"W 205.830° 0.060° 1.0009s
100 2.0409" 0.055"u 37.180f 0.0279" 1.4250°%
100 200 1.850M 0.085m4d 21.720k 0.0259_h 11.075b
300 0.880m® 0.090"° 9.7804t 0.015Y 0.500°
400 0.320pt 0.095"° 3.4204% 0.011 0.750"
Mean 2.046 0.070 277.930 0.028 2.950
0 6.640° 0.065Pu 102.150¢ 0.070° 3.550M
100 5.400¢ 0.080"" 67.500¢f 0.057¢ 8.600¢%
150 200 2.4507 0.105k" 23.3401 0.030f_€_J 0.450°
300 1.090%° 0.168™ 6.480™Y 0.015Y 0.750"
400 0.780™" 0.200¢¢ 3.920u 0.017ik 5.250¢
Mean 3.272 0.108 40.678 0.038 3.720
0 2.0809" 0.0609( 34.750f 0.040¢ 7.350¢f
100 1.700Mi 0.110im 15.450+° 0.037¢f 3.800Mi
0 200 1.300+™ 0.120* 10.830P" 0.034¢f 13.450%
300 0.950"° 0.125Mk 7.620" 0.0301 1.600m¢
400 0.160% 0.245° 0.670"Y 0.0151 1.600™
Mean 1.238 0.132 13.864 0.031 5.560
0 4.310¢ 0.040uw 107.150% 0.050¢ 2.800i"
100 0.950"° 0.0730s 13.020™P 0.037¢f 3.625M«
50 200 0.560° 0.078™ 7.250" 0.015“'_ 1.850m"
300 0.500° 0.120" 4.210" 0.020" 2.150md
400 0.350° 0.190¢f 1.830"* 0.010/ 9.675%
10 Mean 1.334 0.100 26.692 0.026 4.020
0 8.490° 0.050% 169.830° 0.0509 3.750M
100 4.000¢ 0.0609 ¢ 66.930° 0.035¢f 6.775f
100 200 2.0809" 0.070° 29.720fg 0.0279" 10.100b°
300 1.500"! 0.070° 21.430k 0.0259" 2.400%p
400 0.500° 0.215« 2.340vX 0.0151 0.767"
Mean 3.314 0.093 58.050 0.030 4.758
0 9.5902 0.025ww 383.630? 0.0802 1.4500
100 9.2702 0.057 4u 162.830% 0.037¢f 1.250°
150 200 2.500_f9 0.0594v 41.110¢ 0.037ef 2.100md
300 1.160" 0.061" 3.130ux 0.020" 7.500¢f
400 0.730ms 0.220b¢ 3.130ux 0.0151 1.450°
Mean 4.650 0.084 118.766 0.038 2.750
LSD 0.590 0.028 4.250 0.007 1.269

Al gommy 0,90 i 2 30 b Sl o o Sre BB pas oaums lid S i By,
Values with the same letter within an index are not significantly different (p<0.05)
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Table 3. Continued alol Y Jgus
Reproductive growth ]y Oy
bt cdalé SMs
CowgpoS (o0y9  Sligowl> e g o] &% Cldpan glaijy,; culan Co»
Vermicompost Jasmonate Lead A E WUE Gs AC
t.hat mmol.I* mg.kg™ umol m2s umol m2s % pmol m?s?
0 2.6808 0.190%° 17.7649 0.1434¢ 40.6002
100 1.870M 0.200+" 42194 0.070%° 3.000™4
0 200 1.450"k 0.420¢f 7.2671 0.065k° 7.3831
300 1.000km 0.435¢de 5.254K 0.058"» 8.450i
400 0.450m° 0.5712 2.25495 0.055"P 9.025M
Mean 1.490 0.363 7.352 0.078 13.692
0 3.430¢ 0.165+ 24,7424 0.235° 20.1504
100 1.940% 0.188%° 6.374Kk 0.170¢ 8.150
50 200 1.28Of‘I 0.360¢" 3.108m4 0.155¢f 5.150km
300 1.260+! 0.387°¢N 2.720°" 0.125% 6.525}
400 0.170° 0.530% 0.322 0.035"P 6.800
0 Mean 1.616 0.326 7.453 0.144 9.355
0 4.490¢ 0.1250° 20.170f 0.170 34.400°
100 1.5109k 0.135™P 2.682°" 0.137¢h 8.200i
100 200 1.470k 0.343¢% 4.630m 0.065k° 4.650f'n
300 0.880%° 0.370%h 2.382% 0.045m 7.025
400 0.590+° 0.445¢4 4,718m 0.040mP 2.400°"
Mean 1.788 0.284 6.916 0.091 11.335
0 5.000¢ 0.123°p 37.883¢ 0.120%i 11.3839
100 2.580¢f 0.155%° 7.4041 0.120% 4.450™
150 200 1.230"! 0.320“"_ 8.121! 0.090"m 21.3504
300 0.400™° 0.355fhi 1.180"t 0.040mp 10.6009"
400 0.27Qm 0.423¢f 0.656% 0.027°° 2.800™d
Mean 1.896 0.275 11.049 0.079 10.117
0 4.640° 0.145mo 20.990f 0.127%i 10.8009"
100 2.150eh 0.213m 13.754" 0.110%k 7.9501
0 200 1.4307 0.290" 4.342%0 0.063%P 1.525ps
300 1.270" 0.3339 4,459+ 0.070%p 3.475mP
400 1.250+! 0.418¢f 2.656P" 0.025°° 0.767"
Mean 2.148 0.280 9.240 0.079 4.903
0 4.950° 0.137"p 22.682° 0.4332 4.250m°
100 2.210%9 0.205"" 5.271¢ 0.220b¢ 15.000¢f
50 200 1.380‘_‘k 0.270‘1_ 4,670 0.105”_ 0.315¢
300 1.230"! 0.31391 2.80404 0.133¢ 4.450m™n
400 0.980%" 0.410c 2.721°7 0.090"M 1.2679¢
10 Mean 2.150 0.267 7.630 0.196 5.056
0 9.2702 0.130"™p 19.791f 0.233° 15.500¢f
100 2.760¢% 0.2001" 12.917h 0.160¢% 14.450f
100 200 1.490M 0.202':” 7.466?1: 0.130"‘? 1.500‘3_'_S
300 1.450"k 0.245ilk 7.3801 0.125% 7.9001
400 1.4301 0.3539hi 4,076 0.065k° 4,575
Mean 3.280 0.226 10.326 0.143 8.785
0 7.350° 0.125°p 59.195P 0.157¢% 23.925¢
100 2.820¢% 0.128°p4 109.365? 0.112¢9! 2.4000"
150 200 1.340‘_'k 0.167rd 20.067f 0.025°° 8.075i
300 1.190+ 0.203+n 2.980"d 0.035™P 3.125md
400 0.990km 0.332091 2.0579 0.012° 16.675¢
Mean 2.738 0.191 38.733 0.068 10.840
LSD 0.71 0.073 1.160 0.051 2.029

Values with the same letter within an index are not significantly different (p<0.05)
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Table 4. MANOVA (mean squares) for the effects of jasmonate levels and vermicompost treatments on Dracocephalum

moldavica L.photosynthetic characteristics under lead stress

mean squares Ol o (uSilo
4"’°_ .9y ) sl o)
i gl (o0l5) Vegetative growth Reproductive growth
S.0V df ETR Y FVIFM ETR Y FVIFM
Sligowl 3 0.0120™ 0.0080™ 0.0010™ 0.0060™ 0.0020™  0.0030"
Jasmonate (J)
S 4 0.0040™ 0.0270™ 0.0100™ 0.0080™ 0.0050™ 0.0030"
Lead (L)
IxL o px Sligonsls 12 0.0050™ 0.0090" 0.0030™ 0.0130™ 0.0050™ 0.0020™
. CgoS (5039 1 0.0030™ 0.0080™ 0.0010™ 0.0000™  0.0000™  0.0020m™
Vermicompost (V)
o CovgpeliepgXSlgemls g 00000"  0.0140° 0.0000"  0.0060™ 0.0030  0.0020"
Ly S90S (509X 0y 4 0.0100™ 0.0040™  0.003™ 0.0090™ 0.0030™ 0.0010™
JXI'_-"';W\j-:.-Ju"‘)SX erxolgmels 5 00060 00130 0.004” 00070 0.0010% 0.0020™
Error e 80 0.0002 0.0040 0.0002 0.0010 0.0002 0.0010
(300 y0) Ol yudd' g 4.7200 8.4100 1.900 10.71 1.7500 3.8200
CV%

Ao 0 g ) Jleil s (0 (6l cixe «g5lo Sme pas sl s 5 4 T g *FNS
ns, ™ and * showed non significant, significant at p<0.01 and p<0.05, respectively

sro chile 5 Cliganl> 10+ clale b jled cow og,5
"9 995 e 095 )3 (T Jgux) <l elatsl oy
Slgonl> yid o Jge (oo Vor 9100 jlod CangeeS
29 35 Ol 2 ) ¥er oy S SIS el Al
Oa 098 @ Sand 1) 385 Gl 5 e w63 e
Slogine Hsba wopw Teoo A5 g Sligenl> Jlocl
355 Jlosl i 09,5 ,0 (¥ Jga>) aws ials (p<0.05)
Col sl Slgomslar yid 32 Jgo (oo 1O+ les 5
Soldsre jsba 55 Glie 2 ) Fe
Jlosl s 09,5 a4 S 1) 35 (e 5 iles hooes
Sl joba oy Yoo 25 Cow g Slsenls

(Y Jgaz) ams zals (p<0.05)

Oy i Sl

Shjsy colan
R o 2l g gy Alose o 5 g, Solas
Wgy Slgewlr cbale Gl L g e85 )15 Slgenl>
(Y Jgaz) ols las (p<0.05) a8l

55 2 50 slag) Selaa alS o 5 o Jles!
2 aSsba () Jouz) wo)S oialy 5 (oiagy al>ye
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w20 J1alS (6,18 de jsbas Dliganla Jlosl a0 09,5 &
(p=0.05)
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Table S.effects of interaction between jasmonate levels, Lead levels and vermicompost treatments on
Dracocephalum moldavica L. on photosynthetic characteristics
(Vegetative growth) a9y el

CongpoSory  Sligemls O eI JURIEY oogilyS 3 )Shes 5 Rmgid 3yShos

Vermicompost  Jasmonate Lead ETR Y FV/FM
t.hat mmol.I* mg.kg™ (umol electron m™s 1)

0 0.302° 0.8042 0.723°p

100 0.305° 0.7912 0.762Fm

0 200 0.302° 0.7702 0.765™

300 0.298° 0.738? 0.794¢¢

400 0.150¢ 0.483P 0.722°

Mean 0.271 0.717 0.753

0 0.300° 0.8072 0.789%9

100 0.300° 0.787 0.775%

50 200 0.300° 0.811° 0.770™

300 0.208¢ 0.7832 0.7669"

400 0.200¢ 0.7278 0.686%"

0 Mean 0.222 0.783 0.757

0 0.300° 0.7942 0.828%®

100 0.300° 0.785? 0.769¢9"

100 200 0.302b 0.787 0.750""

300 0.300° 0.766% 0.74Qm°

400 0.301° 0.735° 0.682"

Mean 0.301 0.773 0.754

0 0.308° 0.795? 0.830°

100 0.304° 0.7892 0.795¢®

150 200 0.300° 0.78228 0.777?‘1

300 0.302° 0.7702 0.757"

400 0.286° 0.7692 0.751kn

Mean 0.300 0.781 0.782

0 0.306° 0.8002 0.797%

100 0.304° 0.7742 0.786¢h

0 200 0.300° 0.770? 0.7669"

300 0.298° 0.7178 0.765"!

400 0.287° 0.540P 0.709pd

Mean 0.299 0.720 0.763

0 0.310° 0.783? 0.792¢¢

100 0.308° 0.788? 0.782¢%

50 200 0.304° 0.7792 0.765"!

300 0.300° 0.7912 0.748"

400 0.300° 0.7718 0.741mo

10 Mean 0.304 0.474 0.766

0 0.315° 0.798? 0.806"

100 0.308° 0.7932 0.792¢f

100 200 0.303° 0.7812 0.775%

300 0.300° 0.7642 0.74Qm

400 0.250° 0.735? 0.692%"

Mean 0.295 0.774 0.761

0 0.400° 0.8052 0.785¢"

100 0.3502 0.795? 0.782%

150 200 0.300° 0.7882 0.7736*_

300 0.300° 0.778? 0.775%

400 0.280° 0.7712 0.736™

Mean 0.326 0.787 0.770

LSD 0.023 0.103 0.023

Values with the same letter within an index are not significantly different (p<0.05)
Al go oy el o 0 b Sl o o pre S pue cdims lis S piie By >
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Table 5. Continued alol b Jous
(Reproductive growth) ]y Oy
g (059 Clgoml O3 JUBI 25 (ongiilys 0 )Sdas (g 3wgid o Slos
Vermicompost Jasmonate Lead ETR Y FV/IEM
t.hat mmol.I* mg.kg? (umol electron m?s 1)
0 0.300% 0.744%¢ 0.785%®
100 0.250%¢ 0.740%9 0.777%®
0 200 0.220%¢ 0.7413f 0.756%®
300 0.200¢ 0.705i" 0.744 %
400 0.120¢ 0.636" 0.787%®
Mean 0.218 0.713 0.770
0 0.300% 0.756%¢ 0.775%®
100 0.300 0.757%® 0.758%®
200 0.250¢ 0.726%% 0.741%
50 300 0.250 0.693™ 0.732%
400 0.200¢ 0.674°P 0.711b
0 Mean 0.260 0.721 0.743
0 0.350° 0.758® 0.7912
100 0.300% 0.736%" 0.784%®
100 200 0.300% 0.719" 0.745%®
300 0.250% 0.716" 0.742%
400 0.200¢ 0.704kn 0.737%®
Mean 0.280 0.727 0.760
0 0.400% 0.743%¢ 0.8182
100 0.300% 0.731% 0.8112
150 200 0.250% 0.734¢h 0.791®
300 0.250 0.718¢" 0.765%®
400 0.200¢ 0.701M" 0.724b
Mean 0.280 0.725 0.782
0 0.300% 0.761% 0.8012
100 0.300% 0.733% 0.785%®
0 200 0.300 0.722¢ 0.771%
300 0.250% 0.711= 0.742%
400 0.200¢ 0.700"" 0.734%®
Mean 0.270 0.725 0.767
0 0.350° 0.727% 0.7942
100 0.250 0.725%k 0.786%®
50 200 0.250 0.664rd 0.788%®
300 0.200¢ 0.664rd 0.795%
400 0.200¢ 0.641" 0.755%®
Mean 0.250 0.684 0.784
10 0 0.350P 0.728%1 0.787®
100 0.300° 0.722¢! 0.776®
100 200 0.250% 0.715m 0.770®
300 0.250¢% 0.688M™ 0.766®
400 0.250% 0.644% 0.756 ®
Mean 0.280 0.699 0.771
0 0.4502 0.7592 0.785®
100 0.300° 0.753%¢ 0.770®
150 200 0.250¢ 0.730% 0.8022
300 0.200¢ 0.7265 0.787®
400 0.200¢ 0.729¢%1 0.766 ®
Mean 0.280 0.739 0.782
LSD 0.051 0.023 0.051

Al oo (w0550 Lali o 0 b (5 Ske o o Sie OIS pac saipoylis S e g >
Values with the same letter within an index are not significantly different (p<0.05)
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