) Bsleyn daaadd i
Environmental Stresses In Crop Sciences

“ Journal homepage:
University of Birjand https://escs.birjand.ac.ir Vol. 17, No. 3, pp. 583-602 (Fall 2024)

. . https://doi.org/10.22077/ESCS.2024.6281.22
Original article

Effect of jasmonate and vermicompost on  chlorophyll  fluorescence
and photosyntheticy ieldin Dracocephalum moldavica L.underl| ead
stress condition

R. Rahbarian 1, E. Azizi 2, A. Behdad 3, A. Mirbolook 4

1. Department oBiology, Facultyof Science ,Payame Noor University, Tehran, Iran

2. Department ofAgricultural SciencesPayame Noor University, Tehran, Iran

3. Postdoc of Plant Physiology, DepartmenBidlogy, Faculty of Science, Fendsi University of Mashhad, Iran
4. PhD inSoil Science andPlant Nutrition, Soil ScienceDepartment, Umia University, Iran

Receivedl1 April 2023 Accepted25 June2023

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 ttead 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 Il. 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 soi | 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 mgkg-!
soil) and jasmonate (0, 50, 100, 150 mmol I-Y) on Dracocephalum moldavi ca 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 andindices including CO, assimilation
rate, transpiration rate, stomatal conductance, water use efficiency(WUE), PS d¢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 0
mmol |-1jasmonate showed the lowest CQ assimilation rate, water use efficienty, stomatal conductance
and Fv/Fm while plant treated with 0 mg kg* soil pb and 150 mmol |-1jasmonate showed the highest
CQ; assimilation rate, water use efficienty, stomatal conductance and Fv/Fm. transpiration rat e 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. Vermico mpost increased CQ 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 suclas 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 chloroph yll in the reaction center, thereby improving the
speed of electron transfer and increasing the efficiency of photosystem Il. 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 absor ption 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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ew- CHwz y ¢ AACa isyC ACARE
Soil characteristics Vermicompost characteristics

pH 7.75 pH 7.5
EC das.mt 1.14 EC ds.mt 1.2
K A %ol Zav@®w  ppm 118 C Coj % 25
P A¥%odRZwé ppm 7.1 N 6i 0/ » 2
N oi 0/ ppm 298 P AvuadlZwé 1.5
Pb A¥%o®Zwé ppm ND Zn A¥%o®dZwé ppm 150
Soil texture éw- C o §=CAJFe A¥%adZwé ppm 8000
Cu Al ppm ND Cu AU ppm 20
Mn Ap ¢ ppm ND Mn ADp ¢ ppm 650
B Y2 ppm ND B ¥%  ppm 30

ND:none detected
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Table 2. MANOVA (mean squares)or the effects of jasmonate levels and vermicompost treatments on Dracocephalum

). #

wEOG &C Bz ay %PC ABizVAGCYAEY 0 # %z G6RE p Par A 4C A v ¥ai
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moldavica L.physiological characteristics under lead stress

Ewl o -

x A #§ wwy Al AanEh HE GG $ «

Vegetative growth CEey¥% °E%
A « AEo
wCCa ¢rv 0ACAE. c%ubfx) avdenéhycy¥nco ¢U
S.0.V _ Df A E WUE gs pC
i wy A 4 21.30° 0.007 2327.5% 0.001" 12.00"
Jasmonate (J)
XYy 6.95" 0.014" 1094.50 0.0005  48.36"
Lead (L) )
XA WY A 5 337 0015 929.04° 0.0005" 19.30°
Jasmonate<lead R
. ¢AACET 4 20.80°  0.00% 55.91° 0000° 1873
Vermicompost (V) )
ey ¢ AACaMywY A 4 20.09°  0.004" 1877.93 0.001" 22.7"
X
oy ¢ AACUIGY 4 6.86" 0.013° 1735.26' 00005  51.65
X
, ¢LAC Catayohi Wy A 15 o151 o021 1530.79' 0.002° 39.3"
X X
Error wé 80 0.13 0.0003 6.84 0.00002 0.61
#O 218 i 16.14  14.590 11.56 17.650 20.07
CV (%)
Reproductive growth CEeéve °EW®
A « 4E®
wCCa ¢rv 0OACAE. c¢%bfxj aul ucéhkyey%nco ¢U
S.0.V _ Df A E WUE gs pC
i wy A 4 2.86" 0.030° 1521.2% 0.019" 79.29"
Jasmonate (J)
X Va4 1478  0.069" 593.51" 0007 25222
Lead (L) )
L X VR Wy A g, 14.86° 0073 146657 0019 18133
X
_ ¢cAACHT 15.43" 0.002% 93.45" 0.008  340.05
Vermicompost (V) )
ey ¢ AACO MWy A 4 1.61° 0.090" 253.27" 0025 13853
X
ey ¢ AACOMY% 4 2323 0076 1673.92 0043  258.08
X
J¢ LA AV Caboyyh wy A o, 515"  00330°  1036.78 0014 31585
X X
Error wé 80 0.19 0.002 0.982 0.001 1.56
#O1 218 i 20.47 14.250 7.022 20.12 13.49
C.V (%)
“and’si gni ficant at pO0.01 and pOO0° D% 6 weimpe@ p BDAC BYE CAz

Vv V.
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Table 3effects of interaction between jasmonate levels, Lead levels and vermicompost treatmentsDyacocephalum
moldavical.on physiological characteristics

Vegetative growth CEey¥% °EW%
a¥%l ¢Cvoze AEno
¢AACatr  wyAG x%A OGACAEC ¢ %bE X CARY ¢V Coe ¢ U
Vermicompost Jasmonate Lead A E WUE gs pC
t.hat mmol.F* mg.kgt emofsim & mofstnm % e mo s m

0 2.5409 0.045w 5.726% 0.050 5.250

100 1.210" 0.065 18.73¢ 0.020" 2.675°

0 200 0.880mP 0.055v 16.020" 0.015 7.100

300 0.230t 0.080"" 2.930% 0.010 2.800™

400 0.160" 0.367 0.430% 0.010 4,129

Mean 1.004 0.122 8.766 0.021 4.390

0 2.960 0.09&° 30.200" 0.060 4,099

100 1.580™k 0.110'm 14.360° 0.04C¢ 4.323h

50 200 0.790™a 0.125“‘_k 6.360" 0.025@‘ 3.000™

300 0.640' 0.140" 4.480" 0.020" 1.500s

400 0.190 0.186f 1.080% 0.020" 1.200s

0 Mean 1.232 0.131 11.296 0.033 2.824
0 5.140' 0.025w 205.830 0.060 1.000rs

100 2.040" 0.055v 37.180 0.027" 1.42%s

100 200 1.850" 0.085™ 21.720k 0.023’_h 11.07%

300 0.880mP 0.0907 9.780t 0.0159 0.50C0

400 0.32rt 0.095P 3.420" 0.011 0.750°

Mean 2.046 0.070 277.930 0.028 2.950

0 6.64C 0.065°¢ 102.150 0.070 3.550"

100 5.400' 0.080"" 67.500" 0.057 8.600'

150 200 2.45@ 0.105™" 23.340 O.OBCSF_J 0.450

300 1.090° 0.1689 6.4801 0.015 0.750°

400 0.780™" 0.200° 3.920"* 0.017k 5.250

Mean 3.272 0.108 40.678 0.038 3.720

0 2.080N 0.060r 34.750 0.04C¢ 7.350"

100 1.700i 0.110™ 15.450° 0.037 3.800"

0 200 1.300™ 0.120' 10.830" 0.034f 13.456

300 0.950° 0.128 7.620" 0.03(¢ 1.600+s

400 0.160* 0.24% 0.670™ 0.015 1.600"s

Mean 1.238 0.132 13.864 0.031 5.560

0 4.31C 0.040"w 107.150¢ 0.050 2.800™

100 0.950° 0.073= 13.020™° 0.037 3.625

50 200 0.560 0.078_*s 7.250" 0.019_ 1.850™

300 0.500 0.120" 4.210% 0.020 2.150™4

400 0.350" 0.190" 1.830% 0.010 9.675¢

10 Mean 1.334 0.100 26.692 0.026 4.020_
0 8.490 0.056v 169.830 0.050 3.750"

100 4.00¢ 0.060r 66.93G 0.035" 6.778
100 200 2.080N 0.070" 29.72(_55l 0.027&" 10.100¢

300 1.500" 0.070" 21.430¢ 0.023h 2.400¢P

400 0.500 0.215d 2.340% 0.015 0.767°

Mean 3.314 0.093 58.050 0.030 4,758

0 9.59¢ 0.025w 383.630 0.08¢ 1.450s

100 9.27C¢ 0.0574v 162.830¢ 0.037 1.25@*

150 200 2.50(_5g 0.0594¢ 41.116 0.037*’_f 2.100™d

300 1.160" 0.061"t 3.130 0.020" 7.500f

400 0.730™s 0.220¢ 3.130 0.015 1.450s

Mean 4.650 0.084 118.766 0.038 2.750

LSD 0.590 0.028 4.250 0.007 1.269

° wizC A % ¥az WEATDRIVEAE PWAIE 0 a9 PEEYHo EU A Y %3
Values with the same |l etter within an index are not signi
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Table 3. Continued ).
Reproductive growth CEeve °E®%
Cev ¢U6a
¢AACatl:  wyAU x%A GACAE. c¢c%uPE£x] a CRYy V% Con
Vermicompost Jasmonate  Lead A E WUE Gs pC
t.hat mmol.I* mg.kg* emolt’sm & moltsim % € mo It m
0 2.68C 0.190¢° 17.764 0.143+9 40.606
100 1.8701 0.200™ 4.219° 0.07¢° 3.000+
0 200 1.450 0.420f 7.267 0.068 7.383
300 1.000m 0.4354 5.254 0.0587 8.450
400 0.450™° 0.57F 2.254S 0.055P 9.02%
Mean 1.490 0.363 7.352 0.078 13.692
0 3.43¢ 0.165* 24,742 0.23% 20.150
100 1.94G7 0.188° 6.374¢ 0.170¢ 8.150
50 200 1.280" 0.360°" 3.1089 0.158 5.15¢m
300 1.260" 0.387¢h 2.720" 0.128 6.525"
400 0.170 0.53@" 0.322 0.035° 6.800¢
0 Mean 1.616 0.326 7.453 0.144 9.355
0 4.490 0.1253° 20.170 0.1704 34.4000
100 1.510% 0.133° 2.682" 0.137" 8.200
100 200 1.470 0.343% 4.630" 0.065° 4.65(_}n
300 0.880° 0.37C6" 2.382r 0.0458™p 7.025%
400 0.590° 0.4454 4.718" 0.040™° 2.400"
Mean 1.788 0.284 6.916 0.091 11.335
0 5.000 0.123°¢ 37.883 0.1204 11.38%
100 2.580" 0.155° 7.404 0.1204 4.450™
150 200 1.230" 0.320‘“_ 8.121 0.090+™ 21.350
300 0.400m° 0.3550n 1.1801 0.040m% 10.600"
400 0.270° 0.423Ff 0.656" 0.027r 2.800d
Mean 1.896 0.275 11.049 0.079 10.117
0 4.640 0.148™° 20.990 0.127 10.800"
100 2.150" 0.213 13.754 0.110° 7.950
0 200 1.430% 0.290% 4.342° 0.063P 1.52%s
300 1.270! 0.3331 4.459" 0.07¢P 3.473P
400 1.250! 0.418% 2.656" 0.02%° 0.767°
Mean 2.148 0.280 9.240 0.079 4.903
0 4.950 0.137™ 22.682 0.433 4.250™°
100 2.2109 0.205" 5.27¥ 0.220° 15.006f
50 200 1.38(}k 0.270_ 4.670" 0.105"_ 0.315
300 1.230! 0.313¢ 2.8044 0.133% 4.450™
400 0.984" 0.4104 2.72F" 0.090rm 1.26#5
10 Mean 2.150 0.267 7.630 0.196 5.056
0 9.27G 0.130™p 19.791 0.232 15.506¢
100 2.760% 0.200' 12.917 0.160% 14.450
100 200 1.490k 0.20%n 7.46@ 0.1305 1.500fS
300 1.450+ 0.245kK 7.380 0.125H+ 7.900
400 1.430% 0.3539Ni 4.076P 0.065 4.575"
Mean 3.280 0.226 10.326 0.143 8.785
0 7.350 0.1253° 59.19% 0.157e 23.925
100 2.820% 0.128°r4 109.3653 0.112¢ 2.400"
150 200 1.34(}k 0.167 20.067 0.02%° 8.079
300 1.190! 0.203" 2.980 0.035 3.125™d
400 0.99¢-m 0.332¢91 2.05Fs 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
o EOWZA %92 1 AL (DRIVEAE PWAIE o a9 b & B0 E 0
Values with the same | etter within an index are not

0V ° «

ay %
signific
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Table 4 MANO VA (mean squares) for the effects of jasmonate levels and vermicompost treatmentsfmacocephalum
moldavical photosynthetic characteristics under lead stress

mean squares i wbz%l UCOYy\
N A« CECy% °EW% CEcve °EW%
wCcCat ctv Vegetative growth Reproductive growth
S0V _ df ETR Y FV/IFM ETR Y FV/IFM
i WY A 3 001200 0.0080° 0.0010° 0.0060° 0.0020° 0.0030
Jasmonate (J)
3
X% 4 00040 002700 0.0100 0.0080° 0.0050° 0.0030
Lead (L)
. o
L X YA Wy A 15 00056° 0.0090 0.003C" 0.0130° 0.0050° 0.0020°
¢cAACOL

, 1 0.0030° 0.0080° 0.0010°  0.0000° 0.0000° 0.0020°
Vermicompost (V) )
¢AACO®IWY A 3 (50000 00140 0.00005  0.0060° 0.0030° 0.0020

IxV

i CAACTMPA 4 00100 0.0040° 0003 00090 0.0030° 0.0010°
i L¢ xf\/ ACUMPA WY A 15 00060 00130 0004 00070 00010 0.0020°
. WO g0 00002 00040 00002  0.0010 00002 0.0010
s #olwts v 47200 84100 1.900 1071 1.7500 3.8200

) © DY 6w o3 V@ HOBQ BYPHR W WEQ £ 9 BinsA z
ns,” and” showed non significant, significant@tO 0 an@il O 0 . ré®ectively
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Gy°z ay %iawREGOE BBV v 2% eCih D @iy %z Wi &vwE wl o - v
C PP AZIBRRAEDPE §V j wyAURAV«wd wXidbAk EpE p@B%UEV ¢ A
LAl OwUYVO B9 €a HiODa 0 @A) Fav+ ¥t AMACH CH+ + +H+ +
¢ Av Ao Y@ A e, sofAaRYCW « ¢ { Ey 0 @A 088 £8/ptb A z¢BAKDE
¢ YOuptb i zG/HAKDA Yz vwvHA Ep £ ° a v &EHpWIiAizwADI Aw« 6wl Yv QY
6waYv (y°z a@ FawW@dGARE ¢{ Ey v% ¢c%UPE£ OWwh0$05
¢ YOPtP Az %%kB +EPE ¢ £ y-Cliawy A AN D&OHECKB%E O ® 3230
).HOBC R ApODEWE ¢ HAh&G W~ £ AVCHMGEG A Ac b £
X &EVEWT o/ v x4 V j wy AaAw
CAy ey »adAz @A EERAY ' Ai o6wluYv ¢~ £ &
& mECEY (GEGy Y. ASPCHY ¢F%a/ ++¢U06Aa § | wy REAWC £3aay iU
°y vyl i WERAKNISAW «wz¢ U 4 ¢ & YB\aFLB e vizioy yeARRME Wik o - v X %A
). #6$° & vpOOoBGBRBYA Aw $+ ¢ U0 & +y #x BRA WA 6wl Y
1 oCME G E Wi oMmRA vO WA S PBC CEV I ¥ WIw AR w«
%E BLAD 6 B8 ARy CEF Y Ao3AEy * Al 6wl YOV ¥MEyRaz Yyr 1cAMP £



L +ACREWE« | | CY vV yadapEASY %t COC U ¢ 04

%E LAD 4 ®° & vp OOBUEBWA % TV ¥ YL HE) DB SLEEF Y2 A O 3 Yl
OADIUE BB | | W@ A &Bily, 60AHD U6 4%l 0)p® 8wWEwT o / w +ix Iak&E O w z
W2Cp POy waef Ai ©° ECaRWHEE W £§ARHIEEAACEY ¢ A0 3 %l
)pHO0SL OBWiEWY AEB WA B Az pODEPYEH PERA Wi/ +8308a wz
cv@pPawi vkalo a A& a Wy v ). # 0 $°° @ WS 38 iR
QEF Y2 A0 3 %UCEVAWEA PO ES#Isz v €AY % A 6 A &ZQIW446 W AY v
C¢ aWiide 84B¢ LAD ¢ $B SORY ¢ E& A& CEay{ AA63 L A%RLE wd v ¢
MEU ¢ ECER yCEGH Y% ARG 3 %0 ). #& $° @ABYIGay Yap OaSCo8p P U
¢® Ewl o v+ %@ Aehvco+ U6 6 AACIGAY * x %A * | wyCAwhiw« 6 z \
)pHO0$ 0 £ A %3z A 84AMN ¢ A Y ¢ FBRARIAL Y.z
CEY . A0 3 ¥MuA AChG4year MYy ¢ £ avy ¥%ih  YE& Adav Ytz xAIA
Xj G&AW OIRBRPpBEE LW ¢& VAA | + Ai ¢AVACMIY BERiz Wz
0zwé o CAYLw %8%W0 $O)H Evi wy AuAwid oA GEGVE WA P ii% ¥
X j GesiwaiACAACIGAY * x YA * | B AAAW« & REHIA @ Y. DER B A
tUed& Adv wzCABYLAEALAN ERY ¢CEBACEY Advw? yy % | wy A
WowA ACUGAY CEAIC  wez aWwin -Cit %2y %8 AR GRSy Ao X0 1!
Ai CEEwi °y@esawtih | 3340 tb@w 6 YV €6 AdyWayfsaie .46 AA (i
ICE§ 2 A6 CEBOA & ) WYEAURA w§ OWAHGWaID 4° Wy % wy Al Aw
OADIUE BBC A ACuAy t ATQW GAEG Wads Al Wiledt @G 86 &£ B BEA Zz O]
Citi, + H Us@8uwz £ ay LR YNt EvEwl Z%ivids wHea) dAavkU § a
CREWE Wl o - v x by XA witd) GEABTRLEAY L AP OwU Y Vo B «E 2
M CiaWbde BL@AY AT Oowl Yvo@dl @ +¢aAdn wisl£C Aay kA A z
Y@ YGED, 0w @ we T £ aysuicBWEwk p - v ox %A @ wzU 6
OWAEBLEC FWEWT 8- v x %A 30aic U@ wy A Aanwkéy e v £
Yerel ®HBGAC VEz Ay WRE A Exvil o AwKiB6Aa WO vz 00 AW«
ay ubaweawl Aiwk ¢ U648 y i wyAldAw ). # 0 $E &w
¢ wad) sgmA wr+ WHA Ut@uwZ £ Ai 6 VO VAE ICER#}:C z A4 3 3
¢ p PAIE B v YOiD, 6+ | wy A AW SR ey Bemidd, CE A AC Wiy
6wl O ECEDy A6 @B ¢EvVv EWI o - v x %A el ¢ GRBEW 2
vavan A ZZEXGviidg B4E & A G0 Wyi W ATIMLRY ! Ai¢ T OEw BWGSA0ESKE: ) ;
X VB +¢ UG svA §0Awk U 85480 Wz~ £O0 G0 + ¢ U@ U w7 £¢ AyjeaymsaA z
@0 ¢ £CVAD By WaEAWE WT o -WwEWEWT o v x %A %&EOB Mo a
I tvoy/ QAwBAN ax WA Oj+wyYWA A Awe@wze ~ £¢ AaygayRead@so O i
Be b bEYYE R wWiEVAGOYWI Ex HA +¢ U6 &4 VI waggAdi G\

0O WAEBLE 10& Y 3410 $)°#p DD 0 5 Y #06 $CEVE W] o - v
, 0 +¢ U asduwez” £ Aya y&4n C &b it
¢ £ @G&FEW B v) x why BeBRwaUoa v X/ aéd wwi

4 BQI¢ W Wide BA@AGCEY ¢ A6 2 %0 ¢y GBYAGEGGw M6 ¥ AJU  xyj 1C\ BN st
¢U6a V Oj+vy de@Awz £ ay %iwyAz Bwjidde Uwa V 3@ i ¢



040 ) AE LA@D@A § ¥.06 i AK wid AR B @ aCH WY V¢ Gely bvEAAERAAS 1 Wit ¢

Edwi+y + 2 OA Az KCGEA AtAla &ICHBMIAC 4EC FWE wT o - w +x %A
oA 0 & PEN SpOVSHYSL P b Y@ YD, 0AG U @ u 7 £AVA yx3%hi Az

YOO $° & E a° awlurmp a wiEy wiaEwE f 1By / w +x3ha v wy A G
¢ £ @WFMAR B WA o0 & OMBAT O 0 W+ x WA Y w§ mdeme pviewa Yv o ¢
CEx LEGyY. A6 3 ¢uA AGUEAY M@ Wi | VOYBA UaAywean + HY # x; Wy A U A w «
E&V A&W Yy ' E& AGWEY %o pi Yas§iysin alzye {\i/B08A iy ik %A

YO# O $° %@ U ). HO$O ¢ BvA+ HD | wy Al Awc
¢ AACOWAY * x %A*  wyCAwAlw« O6zwéoud v ¥Sv
A6 3 YUFvEM)t B/eEA B 1A 0 AT 3620 Y (FViFm)t B oGFEA 0 & QG VBA 6 U Y

2t x BA ABWG avz ICERT CEBYE. 11, yvERpiitawE W 34 WD @ Avyemddy - £
6 wi YovA ACHRiy vABAIT ¢ Wez A VYA Wiy 0% e oy v %SV Y X %A
i ACE & v ik % SO 58 O WHkTI 6 UG 1€ By VA 6 3(FUEm) o o & 1 %) 6 0 Y
YWEY Y2 A0 SCEMA &N ) WEA U A@yasy6w G VA (Raw RS Yobplee ©% %S v
O @wACBuEe AACUY AT  OQBIHAE &Y ° zZA{ 0@ Ea/al oBat XA i
Cal, 04 UB@®G W2 £t aaGdPi & A2 %Tx0WA* | wy Au AxdaA  0yz wp wii A G Ave
CA&WEWT o - v x %A vES % ¢ GAGEA 9 A 0ATARBEACIWAY * | wy AG A we
Y&  Y.dn,60AKE USGHEGWZ £ Ay HfHO0wd exB b AGEY ¢ A BVIFABL Wt #
¢ EO/RP Piuy weef  x AW AURA wal@A A& & ¥ @RI 20 V; GAVAREA Wik %S v
JO#O B ¢« UeGa Adv wzCER: ABIFEYU E el
-EQMICEY Y2 A6 3 %u Y%l P AT E @ WM La®BER o & 50 MBAT 1IB5EWY A G Aw«
, + 1 UBREN W7 £ saldBh & MG A COWY veellhd A D 1p OB $Co/BpH 0
Ga&wE wi o - v x Y%AV Sy Aaw i Al @ 0§sugE %E Az j wy Ad
¢ Uee@ 0 ve7 £+ mci@Ae AR SA 6 G %o oyt v: Emirmte s s Az v
X ¥k +¢ U0 & y¥A@; Wyl vk 3 3, 0a0 6 R4p + |, +AGES o | #
Cal  Yeel LEBUGKE EwBFVEWT Warwrhye o o3 0 & 0@ Wy GEWY A G A w«
C%EPp PAE o - M+ vy %A WIBA 63hzw «6 A U Y #0$° & EVEr8 P BiwjEwaes
JO# O $° CEVR kAo & (GHKED g YA D W YL 0 Bow «
Cu ey 1 AT OWOWMEICEELY, (%8 % Yuug 3,64, 608 + +¢ U 6 4FVIBMIE LV %
VL@G ¢ £t maolpEk i & A g8 WAIN @i obgoswdpiby EawBaay %A Az
¢CEVEWT o/ v ¥xP6RA Y0 +iC WO AN Aprgrer © 5 wBEG AJCRIDGAWD 4] wy A (
L vice@Ay AT OwuN W $C «£ ay %l Upro)eh L veuslpPwE Y
6@, 0 +¢ U&&0 wZ £t ASB®AT® 8Az5 wiCESy 1% AR AP ¥av% A& tABovA
OEWE W o --vt +& B v Yy PURA WYz gy oA 0 8 (R @A GOV SHVE P b U
A6 3 QA e VadraE  ATVOOWCWERAE 8486 LAD °E © Frwhm) Az ¢ { £
a° GARHD P U wetHA 0 & UGEY &0 % %A +¢ Uo@BvFd e g o o & 1 %l 64 Y
ay Ak b AMEA o & U8 @b W& VI WZE Yo E@aACEY o w A O 3 GR° RaE wi) o v
x A+ Uoa § jwyREAW £29% @ESDAPYZI%GEGRE X %A
JO# 6 BEBVEWT o - @y ¢ $o @ Ey (FvEM)E w BAIFA o &



I +ACRWE <« | CYV YRp£EAD Y

¢CAACOY x %A &7 WAl A§ &% wewa Aviap AAR G 06 JACAE w é U
Table 5.effects of interactionbetween jasmonate levels, Lead levels and vermicompost treatments on

Bt COC’™ U

Dracocephalum moldavicd_. on photosynthetic characteristics

¢

M egetative growtt$

CEey ¥ °E:

CAKUGH | wy Al Xx¥%A 0y %ei dv CuAoyviéc¢AopAAn

Vermicompost Jasmonate Lead ETR Y FV/IFM
t.hat mmol.I* mg.kg* (emol efPfsd)c

0 0.302 0.804 0.723r

100 0.30% 0.79% 0.762™

0 200 0.302 0.77¢ 0.765

300 0.298 0.738 0.794+¢

400 0.15C 0.483 0.722°

Mean 0.271 0.717 0.753

0 0.30C 0.807 0.7899

100 0.30C 0.787 0.775H

50 200 0.30C 0.81F 0.770"

300 0.208 0.783 0.766"

400 0.200' 0.727 0.686"

0 Mean 0.222 0.783 0.757

0 0.30C 0.794 0.828%

100 0.30C 0.785% 0.769

100 200 0.302 0.787 0.750™

300 0.30C 0.766 0.740m°

400 0.30%P 0.735% 0.682

Mean 0.301 0.773 0.754

0 0.308 0.795% 0.83¢

100 0.304 0.789 0.795¢

150 200 0.300 0.782 0.777.‘"j

300 0.302 0.77G 0.757"

400 0.28@ 0.769 0.75%"

Mean 0.300 0.781 0.782

0 0.308 0.80¢ 0.797

100 0.304 0.774 0.786™"

0 200 0.30C 0.77G 0.766"

300 0.29¢ 0.717 0.765"

400 0.287 0.54( 0.7091

Mean 0.299 0.720 0.763

0 0.31¢ 0.783 0.792¢¢

100 0.308 0.788 0.782+

50 200 0.304 0.779% 0.765"

300 0.30C 0.79F 0.748"

400 0.300 0.77¢ 0.741°

10 Mean 0.304 0.474 0.766

0 0.31% 0.798 0.806°

100 0.308 0.793 0.792f

100 200 0.30% 0.78F 0.775H

300 0.30C 0.764 0.74Q0™°

400 0.250 0.735% 0.692"

Mean 0.295 0.774 0.761

0 0.400 0.80% 0.785"

100 0.35¢ 0.795% 0.782+

150 200 0.30C 0.788 0.773"5

300 0.300 0.778 0.775H

400 0.28@ 0.77F 0.736"°

Mean 0.326 0.787 0.770

LSD 0.023 0.103 0.023

Values with the same | etter within an index are
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Table 5. Continued

& wih Ao % 6 800 Wh § ¢ Gy AlvEREEERAS B Wi ¢

Aﬂ@ld/y 0) «

#Reproductive growth$ C EV¢° E %

CALUBA, | wy Al x %A 0y %ot v CuAoyvAéAopAAc

Vermicompost Jasmonate Lead ETR Y FVIFM
t.hat mmol.f* mg.kg* (emol efsd)c

0 0.300° 0.744¢ 0.785®

100 0.250¢ 0.74G9 0.777%®

0 200 0.220¢ 0.74%f 0.756%

300 0.200¢ 0.708" 0.744%

400 0.12¢ 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 0.25@¢¢ 0.726k 0.741%

50 300 0.250¢ 0.693™° 0.732%

400 0.200 0.6747 0.71?

0 Mean 0.260 0.721 0.743

0 0.350 0.758° 0.79F

100 0.300° 0.73@™ 0.784%

100 200 0.300° 0.719" 0.745%

300 0.250¢ 0.716" 0.742%

400 0.200 0.704" 0.737%

Mean 0.280 0.727 0.760

0 0.400® 0.743¢ 0.818

100 0.300° 0.731 0.81F

150 200 0.250¢ 0.734" 0.791%

300 0.250¢ 0.718! 0.765%

400 0.200 0.701" 0.724

Mean 0.280 0.725 0.782

0 0.300° 0.76 2 0.80F

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 0.72FX 0.794

100 0.250¢ 0.725% 0.786%

50 200 0.250¢ 0.6641 0.788%

300 0.200 0.6641 0.795

400 0.200 0.641 0.755%

Mean 0.250 0.684 0.784

10 0 0.350 0.728 0.787%

100 0.300° 0.722! 0.776%

100 200 0.250¢ 0.718m 0.770%

300 0.250¢ 0.688° 0.766%

400 0.250¢ 0.644" 0.756%

Mean 0.280 0.699 0.771

0 0.45C 0.759 0.785%

100 0.300° 0.753 0.770%

150 200 0.250¢ 0.730" 0.802

300 0.200¢ 0.726k 0.787%

400 0.200 0.7291 0.766%

Mean 0.280 0.739 0.782

LSD 0.051 0.023 0.051

o EOWZA % %2 1 Wil (R EAC pWAIE o AV P & B0 E U
Values with the same | etter within an index are

not

ay %
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