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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 soi l 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-1 

soil) and jasmonate (0, 50, 100, 150 mmol l -1) 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 and indices including CO2 assimilation 

rate, transpiration rate, stomatal conductance, water use efficiency(WUE), PSὤὤ 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 CO2 assimilation rate, water use efficienty, stomatal 

conductance and Fv/Fm were significantly decreased as lead concentration was increased. Also 

jasmonate treatment significantly increased CO2 assimilation rate, water use efficienty, stomatal 

conductance and Fv/Fm in lead stress condition. So that plant treated with 400 mg kg-1 soil pb and 0 

mmol l -1 jasmonate showed the lowest CO2 assimilation rate, water use efficienty, stomatal conductance 

and Fv/Fm while plant treated with 0 mg kg-1 soil pb and 150 mmol l -1 jasmonate showed the highest 

CO2 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-1 soil 

pb showed the highest transpiration rate. Also jasmonate treatment significantly decreased 

transpiration rate in lead stress condition. Vermico mpost increased CO2 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 chloroph yll 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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Ăùºêù 

 ÷wý wz Ăí Ā{É½¹wzúöÝĈ $Dracocephalum moldavica 

L.ù Ă¤·wþÉ #ĈI¹ĀÉ ñĊăwĈ æöÝĈI ìĉĂõwÅ  ā¹vĀýw· ¿v

Lamiaceae ùĀz ĂíĈ ÅjĊwć Àí¾ùć  ÿöăvĈāºÉ  ÿ Àí¾ù ½¹

v )¢Åw~ÿ½v ç¾Éĉü ñĊāw õ¹ ĂzĊô í¾£ û¹Āz v½v¹Ċ¡w{ ÖÞù ¾

ĂzûvĀþÝ  ÿ yöé ćĀêù÷v½jÈ¸z ¤þÅ ã¾ÎùĈ  ¹Ā«ÿ )¹½v¹

ĒåtĀýÿĊº õĀu£ĀõĊü v ½¹ĉü ñĊāw  ćv¾z yÅwþù ¹Àùwý v½ ûj

Êýÿ¾z ½¹ ā¹wæ¤ÅvĊ¢ćwă ù üùÀùĈĉwúýº Ā{É½¹wz )ĂzûvĀþÝ 

ĈþÉw¯  Iº{í ÿ āºÞù ćwă¹½¹ ½¹ Iv¼áûvºý¹¹½¹  ûĀ· ¹wêÞýv ÿ

ā¹wæ¤Åv¹½Āù ù ½v¾éĈĊñ¹¾v ā½wÎÝ )ĉü ñāwĊ öÝĂĊ §où wă½ĀùĀ£ ¾

Ăz ûj ¿v ÿ ā¹ĀzûvĀþÝ ĉì Ĉ¤ýjûvºĊÆív  ºÑ ÿÈĄ«wăć 

¤ýÁĈîĊ ù ā¹wæ¤ÅvĈ¹ĀÉ $Asghari et al., 2015 ÄýwÅv )#

v½v¹ Ā{É½¹wzć Íw·Ċ¢ ùºÑĊzÿ¾îĈ ¾¤íwz ÿĉwĈĉ ÿ ā¹Āz  ½¹
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wþÍĉÜ ¿wÅÿ½v¹ćI v½jĉÊĈ ¤ÉvºĄz ÿĈI v¼áĈĉ ¿wÅ¾ÖÝ ÿć 

wă¹¾z½wíć ývÿv¾åĈ $ ¹½v¹Fatahi et al., 2013)# 

x¾Å v½ĉªĉ¾£ü òþÅ ÀöåĊü đjĉāºþ ´ù ½¹ĊÔ xĀÆ´ù 

ùĈ¹ĀÉñ ½¹ x¾Å )Ċûwăw ù ½¹ óĒ¤·v ¦ÝwzĊI¿Ā¤  Iï¾z ¿ÿ¾öí

½ ºÉ½ äéĀ£ĉĂÊ ù À¤þÅĀ¤å Èăwí ÿ ĂéwÅ ÿĈ¹¹¾ñ  ÿ½ ¾zÿć 

õwÞåĊ¢ćwă ÀýjĉúĈ §m£Ċ½v¼ñ¾  x¾Å )¢ÅvĂýwĄþ£ ÿ½ ¾zć  ºÉ½

ñĊûwăw ¾§vI¢Åv½v¼ñ Ăîöz wz ûºÉ ¹½vÿ Ăz Ă·¾¯ Ĉĉv¼á {Å y

vĉ¹w¬ v¾z ¡v¾Ö·ć ÷v¹ ÿ ûwÆývwă Ĉù$ ¹¹¾ñMosavi et al., 

2013í ¢LÚöá ÔLÅĀ¤ù )#ëw· ½¹ x¾Å ôćwă èÕwþù 

ćÀí¾ù ûv¾ĉv v½ 1*-0 ĈöĊù÷¾ñ ½¹ ÷¾ñĀöĊí Ç½vÀñ ÿ øĄù-

üĉ¾£ ¾ĊÆù ¹ÿ½ÿ x¾Å Ăz ëw·ćwă ĈÝv½¿ üLĉv èÕwþù v½ 

ā¹wæ¤Åv ¿v ćwă¹Āí Ĉùv¹ Ç½vÀLñ ā¹Āúýºýv $Molaei et al., 

2016 Äîö úí ćÿ½ ¾z üĊòþÅ ¡vÀöå )#x¼«āºþþí ½Āý I

¢ÅĒ~ÿ¾öí ÷ÿ¾íĀ¤ĊÅ ûwú¤·wÅ ÿ ûÂĊÆív ¢Êñ¾åćwă  ï¾z

Ĉù ¾Ċ§m£ºý½v¼ñ ÿ ¿v vüĉ ¾Õèĉ ù Èăwí y{ÅĊûvÀ 

ûĀĊÅĒĊúĊÅv ć¹üz¾í ºĊÆív  ÿÀĊý ¤þÅĀ¤å ā¹¿wz Èăwí ôí À

ùĈºý¹¾ñ $Mosavi et al., 2013ÃwÆ³ ¿v À¤þÅĀ¤å )#ĉ¾£ü 

¾åjĉwăºþć õĀzw¤ùĊîĈ úÅ Ăz ¢{ÆýĊ¢ õwÖù ÿ ¢Åv x¾Å ¡wÞ

¹ºÞ¤ùć ñºý½v¹¿wzĈ ñ ½¹ v½ x¾Å Èþ£ ¢´£ À¤þÅĀ¤åĊûwăw 

ā¹¾í Ç½vÀñ äö¤¸ùºýv $Asadi et al., 2019)# 

Ĉîĉ úÅ ½w§j ¿vĊ¢  ĈýĀĉ ½w¤·wÅ ĂzwÊ£ ¢öÝ Ăz x¾Å

 x¾Å ÿ øĊÆöí¢Åvv )ĉü ½w¤·wÅ ĂzwÊ£ć í ¢Åv āºÉ y{Å Ă

Æz ½¹ ºývĀ¤z x¾ÅĊ½wć Æù ¿vĊwă¾ć ýwÅ½v¾£Ĉ  ¢ùĒÝ

w«ĉÀòĉü ÆöíĊø v¾zwþz ÿ ¹¹¾ñĉü vĉü ÆùĊwă¾ć ýwÅ½v¾£Ĉ 

wúý ô¤¸ù v½ ¢ùĒÝĉº $Ranjbar et al., 2011)# 

½¹ ówÅćwă ¾Ċ·v ā¹wæ¤Åv ¿v Çÿ½ ÄýwÅ½Āöå ôĊåÿ¾öí 

Ăz½ĀÕ ā¹¾¤Æñ ½¹ ć½wĊÆz ¿v ¡wÞõwÖù ćÁĀõĀĉÀĊåĀív îz ½w

Ă¤å¾ñ āºÉ ¢Åv )¡v¾§v Èþ£ćwă ¡ºùºþöz ÿ āw£Āí¡ºù ÿ 

yĊÅj Ăz ćvÀ«v āºþþí À¤þÅĀ¤å v½ ĈùûvĀ£ ¿v èĉ¾Õ ½ĀöåÄýwÅ 

ôĊåÿ¾öí ÌĊ¸Ê£ ¹v¹ ÿ ĂzÐ´ù Ăîþĉv ôùwÝ Èþ£v¿ ¿v ÿ½ć 

 ĂĊõÿv ¢õw³ Ăz ôĊåÿ¾öí ÄýwÅ½Āöå I¹ĀÉ Ă¤Év¹¾z āwĊñ

Ĉù¿wz¹¹¾ñ $Poonam et al., 2013 ½vºêù û¹Āz øí )#

ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ (Fv/Fm) ûwÊýāºþă¹ üĉv ¢Åv Ăí 

ĈÊ¸z ¿v Àív¾ù Èþívÿ ø¤ÆĊÅĀ¤å ÿ¹ ĊÅjy ¹ĉāº ÿ ¢Åv 

º~ĉāº ć½Āý ć¿wÅ½wĄù $Photoinhibition#  ¢Åv ā¹v¹ µ½

$Poonam et al., 2013; Parvaiz et al., 2017)# 

 ÈăÿÂ~ ½¹ćwă ·vĊ¾  ¹Āí Èêý ĂzĈù½ÿ¢ÅĀ úí  ½¹

ñ ºÉ½ ¹Ā{ĄzĊāw v¾É ½¹ĉÔ òþÅ ¡vÀöå Èþ£Ċü É ā½wÉv āº

$ ¢ÅvPirzadah et al., 2019Å¾¤Å¹ )#Ĉ  ¾ÍwþÝv¼áĈĉ 

äö¤¸ù §m£ ¢´£ ëw· ½¹Ċ¾ Èþ£ćwă ´ùĊÖĈ â£ĊĊ¡v¾ 

ôzwéĂÚ³Ēùćv Ĉùĉºzwñ )ĊăwĈ  xĀ· Ăí¼â£ĂĉāºÉ  ½vºêù ÿ

åwíĈ á ¾ÍwþÝv¼Ĉĉ ½¹ v½ĉ¢åw  Ăz ć¾¤Ąz ¢ùÿwêù IºÉwz ā¹¾í

Èþ£ćwă ´ùĈÖĊ Ăöú«¿v òþÅ ¡vÀöåĊü  ½¹ ÿ ¢Év¹ ºăvĀ·

vĉü úí w¤Åv½Ċ¢ í ÿĊæĊ¢ ý óĀÎ´ùĊÀ  ¢´£§m£¾Ċ ¾é½v  ºăvĀ·

$ ¢å¾ñPirzadah et al., 2019 ¾ÍwþÝ Èêý ¾¤Ąz ¢·wþÉ )#

v¼áĈĉ ñ ¢ùÿwêù ½¹Ċûwăw ºù wz IÈþ£ Ăzĉ¾ĉ¢  èÕwþù ½¹ ¹Āí

)¢Åv Ów{£½v ½¹ äö¤¸ù 

Ĉîĉ ìĊþî£ ¿vćwă óÿvº¤ù ćv¾z ±ĒÍv ëw·ćwă ā¹Āõj 

Ăz ¡vÀöå ĊòþÅIü  ëw· ½¹ üĊòþÅ ¡vÀöå ¢Ċ{¨£¢Åv )üLĉv 

ìĊþî£ wz ā¹wæ¤Åv ¿v ¹vĀù ĈÞĊ{Õ wLz ²ÖLÅ ÿāÂĉ ¹wLĉ¿ ÿ 

ôLĉwú£ ºĉºÉ x¼« ćv¾z ¡vÀöå üĊòþÅ ÷w¬ýv Ĉù¹¾Ċñ )¹ ½

ÈăÿÂ~ ÷w¬ývāºÉ ÔÅĀ£ ĈĉđĀù  ûv½wîúă ÿ$Molaei et al., 

2016# ¾ñ Ì¸Êù¹ĉº Ĉù½ÿ û¹ÿÀåv wLz Ăí ¢ÅĀ~ ÿ ¢ÅĀ úí

 ëw· Ăz Ă¤Æ~ĂzûvĀþÝ ±ĒÍvāºþþíćwă õjĈ  ¢Úöá Iëw·

 āwLĊñ ĈĉvĀă ÷vºýv ÿ ĂÊĉ½ ½¹ ćÿ½ ÿ x¾LÅ I÷ĀĊù¹wLíĂz ½ĀÕ

ĈþÞùć½v¹ þ°úă ÿ ¢åwĉ ÈăwLíĊü ù½ÿ û¹ÿÀåvĈ¢ÅĀ úí 

Ì·wÉ ¢ÆývĀ£ ëw· Ăzćwă ÁĀõĀå½ĀùĉîĈ À¤þÅĀ¤å ÿć ñĊāw 

òþÅ ¡vÀöå Ăz ā¹Āõj ëw· ½¹ v½Ċü )ºÊ¸z ¹Ā{Ąz þ°úăĊü  ½¹

vĉü £ Ăí ¢Åv āºÉ Ç½vÀñ ÈăÿÂ~Ċ½wú ù½ÿĈ¢ÅĀ úí ùĈ-

ºývĀ£ {¨£ ½¹Ċ¢ òþÅ ¡vÀöåĊü  ëw· ½¹Æz½wĊ ¾§où wzºÉJ 

v¾zwþzĉü ù½ÿ ¹Āí ¿v ā¹wæ¤ÅvĈ¢ÅĀ úí ĈùºývĀ£ ºýwíĉvºć 

{ÅwþùĈ ¾¸£ ¡v¾§v Èăwí ¢Ą«ĉ{Ĉ ÉwýĈ  ¡vÀöå Èþ£ ¿v

òþÅĊü )ºÉwz 

¡wýĀúÅw« ýĊÀ wĄý ā¹½ÿv¾å ĂíĈĉ ÆívĊÅvºĊûĀ ÅvĊăºwć 

 x¾¯Ûw{Év¾Ċá õ ºþýwúăĊþõĀþĊì ¢ÅvI vÀåv ½¹ĉÈ õwÞåĊ¢ 

ÅĊø¤Æćwă Ýwå¹Ĉ ñĊûwăw v¾É ¢´£ĉÔ Èþ£ćwă ´ùĊÖĈ 

§m£Ċ½v¼ñ¾ $ ¢ÅvKim et al., 2021w¤ý ā¿ÿ¾ùv )#ĉª Å½¾zĈwă 

wýĀúÅw« Ăí ¢Åv ā¹v¹ ûwÊý ¡wýĀúÅw« ¹¾z½wí ¹½Āù ½¹¡ 

§m£Ċ¾ ¤{¨ùĈ vÀåv ¾zĉÈ ñ ôú´£ ¡½ºéĊāw ûwÊý Èþ£ Ăz ùĈ-

ºă¹ )vÀåvÈĉ þÞùĈ½v¹ v½wíĈĉ  ìÊ· ÿ ¾£ û¿ÿ Ixj ã¾Îù

vĀă ÷vºývĈĉ ù ÿĊûvÀ åÿ¾öíĊô ñ ½¹Ċûwăw £ ¢´£Ċ½wú Úöá wz ¢

1+ ùĊ½đĀùÿ¾î ½ĀÉ Èþ£ ¢´£ ¡wýĀúÅw«ć  āºÉ Ç½vÀñ

$ ¢ÅvVatankhah et al., 2015v )#ĉü ñ ûĀù½ĀăĊăwĈ  wz

õwÞåĊ¢ Àýjĉø õĊÆíĀ Ċ¿wýÂ Æív¾~ ¿v ÿĊćwăº õĊ Ċćº îÊ£Ċô 

ùĈ¹ĀÉÇ½vÀñ )Ĉĉwă v Ăí ¹½v¹ ¹Ā«ÿĉü ¤ý ½¹ ûĀù½ĀăĊĂ¬ 

Æív Èþ£Ċ£vºĊĀ òþÅ ¡vÀöå wz āºÉ iwêõvĊü ýĊÀ õĀ£Ċº ùĈ¹ĀÉ )

ñ Èþívÿ ½¹Ċûwăw Ăz ¡wýĀúÅw« IÈþ£ ĂzûvĀþÝ āºþþíºí Áû-

ćwă Ċu£ÿ¾~üćwă Úý āºý½v¹¿wzĊ¾ ýĀu£ĊIü ăĊÆíÿ½ºĈ ~õÿ¾Ċü 
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õÿ¾~ ÿĊü ù ôúÝĈºþí  ÿĂzĈöí½ĀÕ  wzówÞåć¿wÅ ýwîùĊÆøćwă 

Ýwå¹ĈI ñĊāw òþÅ ¡vÀöå Üú¬£ ÿ x¼« Èăwí ½¹ v½Ċü ĉć½w 

ùĈ$ ºýwÅ½Chavoushi et al., 2019)# 

 v Ăz Ă«Ā£ wzĉĂîþ Å½¾zĈ ÊăÿÂ~ ûĀþíw£ ¹v¹ ûwÊý ÜzwþùĈ 

ù¿ ½¹ĊĂþ òþÅ Àöå ôzwê¤ù ¾§vĊü ÿ½ ¡wýĀúÅw« ÿ x¾Åć ñĊāw 

 Èêý ûºÉ Ì¸Êù Ăz Ă«Ā£ wz ÿ ¢Åv āºÊý ÷w¬ýv Ā{É½¹wz

ù½ÿ ¹ĀíĈ¢ÅĀ úí {¨£ ½¹Ċ¢ òþÅ ÀöåĊü  ÿ ëw· ½¹

ñĀö«Ċ¾ć vĀă ÷vºýv Ăz ûj ówê¤ýv ¿vĈĉ ñĊāw þ°úă ÿĊü {Ąz ¹Ā

ºÉ½ ñĊāw v¾É ½¹ĉÔ òþÅ ¡vÀöå Èþ£ĊIü vĉü ê´£ ½wíĊêĈ  wz

Å½¾z ãºăĈ §m£Ċ¾ ¹wêùĉ¾ ù½ÿ ÿ ¡wýĀúÅw« äö¤¸ùĈ(

þ°úă ÿ ¢ÅĀ úíĊü Å½¾zĈ v ÷lĀ£ ¾§vĉü £ ÿ¹Ċ½wú Ì·wÉ ¾z-

ćwă À¤þÅĀ¤åćI ¬ý¿Ċā¾  ÿ ûÿ¾¤îõv ówê¤ývÄýwÅ½Āöå íåÿ¾öĊô 

ñĊāw ÿ½v¹Ĉĉ òþÅ Àöå Èþ£ ¢´£ Ā{É½¹wzĊü ÷w¬ýv x¾Å Éº) 

 

Çÿ½ ÿ ¹vĀùwă 

Ăz Èĉwù¿j¡½ĀÍ ½Ā¤íwåĉô  ±¾Õ yõwé ½¹MĒùwí å¹wÎ£Ĉ z w

wù¿j º³vÿ ¾ă )ºÉ ÷w¬ýv ½v¾î£ ½wĄ¯ĉÊĈ v ½¹ĉü wù¿jĉÈ  ¿v

ĉì  ø¬³ Ăz ûvºöñ0*- õĊ¾¤ îÊ£Ċô  ĂÝ½Àù ëw· ¿v Ăí ºÉ

¹¾ñ ¾~ĉº) vĉü ê´£Ċè  ówÅ ûw¤Æzw£ ÿ ½wĄz ½¹,/+,  Ăýw¸öñ ½¹

Åÿ¹¾å āwòÊýv¹Ĉ ûvºöñ ëw· )ºÉ ÷w¬ýv ºĄÊùwă ¢´£ Ċ£ú½w 

ýĊ¡v¾¤ x¾Å ]2)3b(NOP[ ¢Úöá wzćwă $¾æÍ I,++ I-++ I

.++ ÿ /++ ĈöĊù÷¾ñ  ¾z÷¾ñĀöĊí ëw·$ ¢å¾ñ ½v¾é #Asadi 

et al., 2019)# ù Ă{Åw´ù$ĊûvÀ  x¾Å ¢Úöá ÃwÅv ¾z x¾Å

í¾£ ½¹ ¹Ā«ĀùĊy úă Ăz ÿ ā¹ĀzĊü ùĊûvÀ  ëw· ĂzĂýĀúýćwă 

ý ºăwÉĊûÁÿ¾¤ ñ ½¼z Ä Å )#ºÉ ā¹ÿÀåvĊāw ûvºöñ ëw· ½¹ăw 

¤ù ²ÖÅ ½wĄ¯ ÿ ºÉ Ă¤ÉwíĊô $ ¡wýĀúÅw«¾æÍ I0+ I,++  ÿ

,0+ ¾¤Ċõ ¾z óĀù ĈöĊùÿ½ ¾z ºÉ½ ¡ºù óĀÕ ½¹ #ć  ÷vºýv

vĀăĈĉ óĀö´ùÉw~Ĉ )ºÉ 

¾¤Æz  ¾ÎþÝ Ăz ô{é ¿v Ăí ¹Āz Ĉíw· ćÿw³ āwĊñ ¢Êí

ā¹Āõj āĀ´ý )¹Āz āºÉ ā¹Āõj x¾Å üĊòþÅć¿wÅ ëw· üĉvĀñĂý 

¹Āz Ăí ¡v¾¤Ċý x¾Å ½¹ ¢Úöáćwă āºÉ¾í» ½¹ xj ô³āºÉ 

$ûvÀĊù óĒ´ývć¾ĉ¼~ üĉv ā¹wù ½¹ xj ½¹ ćwù¹ -+ Ă«½¹ 

ÃĀĊÆöÅ 0- ÷¾ñ ½¹ ,++ ĈöĊù¾¤Ċõ xj ¢Åv #ÿ ëw· ĈÝv½¿ 

$ÿº«ó , wz ĈÅ½ ĈùĀõ$ #20*26pH  Ĉîĉ¾¤îõv ¢ĉvºă ÿ,/*, 

 ¢ùw¸Ñ Ăz #¾¤ù ¾z Äþúĉ¿ ĈÅ¹,  wĉ-  ćÿ½ ¾¤úĊ¤ýwÅ

 ìĊ¤ÅĒ~üĄ~āºÉ ¢Úöá ć¾ Åv ÿćwă äö¤¸ù ¡v¾¤Ċý Åx¾ 

ćÿ½ ëw· ¢Ą« ā¹Āõj ć¿wÅ ûj ÷w¬ýv ºÉ )ćv¾z Ăîþĉv Ôĉv¾É 

Ĉñ¹Āõj ëw· Ăz ¾ÎþÝ üĊòþÅ w£ ćº³ ĂĊ{É Ôĉv¾É ÕĈÞĊ{ 

¹Ā«Āù ½¹ üĊù¿ćwă ā¹Āõj I¹¹¾ñ ĂýĀúýćwă ½wúĊ£ āºÉ w£ º³ 

¢Ċå¾Ù ĈÝv½¿ xĀÕ¾ù āºÉ ÿ Ăz ¡ºù .+ ¿ÿ½ ½¹ üĉv º³ 

Ĉ¤zĀÕ½ ¢zw§ ¢Ą« Ăz ó¹wÞ£ ĊÅ½ûº òþÅ Àöå wz ëw·Ċü 

Ăòý x¾ÅĂ¤Év¹ ºýºÉ $Asadi et al., 2021 )#Ä~v¿vüĉ  ¡ºù

ĂýĀúýwă vĀă ìÊ· ºĉ¹¾ñ ÿ Ä~ ¿v ÷¾ý û¹¾í Ă·Āöíwă 

ëw·ā¹Āõj ÍĀÎ· )ºÉ Ă¤¸ĉ½ ûvºöñ ¾ă ½¹ āºÉĊ¢ åĊÀĉîĈ 

É ÿĊwúĈĉ  ëw·ā¹wæ¤Åv¹½Āù  ½¹ óÿº«, )¢Åv āºÉ ā¹½ÿj 

ñĊûwăw  ëw· ¢´£ĈþáāºÉ ù½ÿ ¹Āí wzĈ¢ÅĀ úí  Ăz

ùĊûvÀ ,++++ íĊ÷¾ñĀö ù½ÿ ¹Āí ûÿºz ÿ ½w¤îă ½¹Ĉ¢ÅĀ úí 

ñ ¢Éwí ¿v ô{é )ºýºÉ ā¹v¹ ¢ÊíĊIûwăw  ¹Āí wz vº¤zv ëw·

ÿù½Ĉ¢ÅĀ úí $ óÿº«, āºÉ ÓĀö¸ù #$v¿v Ăzć  ā¹ ¾ă

íĊ÷¾ñĀö  ëw·,++  ¿v Ä~ ÿ #ºÉ ĂåwÑv ëw· Ăz ¹Āí ÷¾ñ

 ¢É¼ñĉì ½ÿ¹ā .+ Å½ ó¹wÞ£ Ăz ¢Ą« ¢³v¾¤Åv ā¿ÿ½Ċûº 

õj ā¹wù wz ëw·ĈI ûvºöñ Ăz ëw· Ä Åwă ĂåwLÑv ĉ¹¾ñºL 

$Kabosi and Nodehi, 2017)# 
 óÿº«,) ÿĉñÂĈćwă ÿ ëw· ĈĉwĊúĊÉĀîĉÀĊå ù½ÿĈÅĀ úí¢ 

Table1. Physicochemical characteristics of soil and vermicompost 

ĈñÂĉÿĈù½ÿ ćwă¢ÅĀ úí 
Vermicompost characteristics 

ĈñÂĉÿëw· ćwă 
Soil characteristics 

7.5   pH 7.75   pH 

1.2 1-dS.m  EC 1.14 1-dS.m  EC 

25 % Ĉõj üz¾í C 118 ppm Åw¤~øĊ ôzwéÃ¾¤Å¹ K 
2 % ôí ûÁÿ¾¤Ċý N 7.1 ppm ôzwé ¾æÆåÃ¾¤Å¹ P 

1.5 % ôzwé ¾æÆåÃ¾¤Å¹ P 298 ppm ôí ûÁÿ¾¤Ċý N 
150 ppm ôzwé ćÿ½Ã¾¤Å¹ Zn ND ppm ôzwé x¾ÅÃ¾¤Å¹ Pb 
8000 ppm ôzwé üăjÃ¾¤Å¹ Fe ÷Āõ( Ĉ¤öĊÅ  ëw· ¢åwz Soil texture 
20 ppm Äù Cu ND ppm Äù Cu 
650 ppm Àþòþù Mn ND ppm Àþòþù Mn 
30 ppm ¾z B ND ppm ¾z B 

ND:none detected 
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¾Õ ¿v ëw· ¢zĀÕ½ ºÍ½¹ĉè ā¿vºývĊñ¾ć ý¿ÿ ºÍ½¹Ĉ 

å¾Îù xj û¹Āúý ĂåwÑv ÿ ëw· ¢zĀÕ½ Ăýv¿ÿ½Ĉ  ¾ă ÔÅĀ£

Úþ£ IûvºöñĊø ûvºöñ )ºÉwă ½¹ Ăýw¸öñ wz Ă«½¹¡½v¾³  ÿ ¿ÿ½

£¾£ Ăz yÉĊy -,  ÿ3 ¤ýwÅ Ă«½¹Ĉ¹v¾ñ  ÿ0*,-  ¢ÝwÅ

wþÉÿ½Ĉĉ  ÿ0*,, ½w£ ¢ÝwÅĉîĈ ¤ù óĀö´ù )ºþ¤å¾ñ ½v¾éĊô 

¢Úöá wz ¡wýĀúÅw«ćwă 0+I,++ ÿ ,0+ ĈöĊùõ ¾z óĀùĊ¾¤ 

$SigmaïAldrich# Ą£ĊĂ ¹¾ñĉº ï¾z ÿćwă āwĊñ wz üĉv 

óĀö´ùwă ć¾ Åv ºýºÉ )Ä~ ¿v ½v¾ê¤Åv ûwăwĊñ ûvºöñ ½¹ $/ 

 w£1 ñ¾zĈóĀö´ù I#ĈÉw~ ćwă½wúĊ£ ôĊ¤ù ¡wýĀúÅw« ¾ă ā¹ 

¿ÿ½ ìĉ½wz  )ºÉ ÷w¬ývóĀö´ùĈÉw~  Ăí ćº³ w£ ÿ ć¾ Åv wz

ï¾z ÷wú£ ćÿ½ ÿ ¢Ê~ćwă āwĊñ MĒùwí ÄĊ· ¹ĀÉ ówúÝv ºÉ) 

ĂýĀúýć½v¹¾z v¾zć ÿ½ Ăö³¾ùĉÊĈI  ¢É¼ñ ¿v Ä~ĉì v Ă¤æă ¿

ùÿ¹Ċü  ½wzóĀö´ùĈÉw~  ÿĂýĀúýć½v¹¾z ¾zvć v¿ Ăö³¾ùĉÊĈ ¹ ½

ăºöñ Ăö³¾ùĈ  ¢É¼ñ ¿v Ä~ĉì ù½wĄ¯ ¿v Ă¤æăĊü  ½wz

óĀö´ùĈÉw~ $2+ ñ ¢Éwí ¿v Ä~ ¿ÿ½Ċûwăw# )ºÉ ówúÝv 

 

Þ£ĊĊü wă¾¤ùv½w~ć {¨£Ċ¢ üz¾í 
ûĀĊÅĒĊúĊÅv ûvÀĊù ¹ćĊÆívº ù ÿ üz¾íĊûvÀ  ½¹ ç¾Þ£, 

¤ýwÅĈ¾¤ù āwò¤Å¹ wz ûvĀ« ï¾z ²ÖÅ ¿v Üz¾ù (Infra red 

Gas Analyzer IRGA, LCA4 $ADC Bio. Scientific 

Ltd., Herfordshire, UK# ā¿vºývĊñ¾ć v½wí )ºÉĈĉ ĂÚ´õ-

ćv ý xj ã¾ÎùĊÀ ù ¢{Æý ¿vĊûvÀ ûĀĊÅĒĊúĊÅv ¹ćĊÆívº 

z üz¾íĂ ùĊûvÀ ºÉ Ă{Åw´ù ç¾Þ£ $Ahmed et al., 2002#) 

 

Þ£ĊĊü Ì·wÉćwă À¤þÅĀ¤åć 
ùĊûvÀ v½wíĈĉ ÅĀ¤åĊø¤Æ ȽȽ £ĀýÁ}Ċwă ĂzÅÿĂöĊ  āwò¤Å¹

åÿ¾öíĊô ā¿vºýv ¾¤ùÿ½ĀöåĊñ¾ć v¾z )ºÉ ¢{§ ÿć ā¿vºývñĊ¾ć 

ùĊûvÀ v½wíĈĉ ÅĀ¤åĊø¤Æ ȽȽI ï¾z ²ÖÅ vº¤zvćwă  ûvĀ«ĂÞÅĀ£

Ă¤åwĉ  wzü¤å¾ñ ½v¾é ñĊā¾ ÿ½ ¾zć ûjwă Ăz ¡ºù -+ Ċé¹Ăê  ½¹

v¾ÉĉÔ ½w£ĉîĈ  Ăz āwò¤Å¹ Ôzv½ ówÎ£v wz Ä Å ÿ ¢å¾ñ ½v¾é

Úþ£ ÿ ï¾zĊø v½wí Iāwò¤Å¹Ĉĉ ÅĀ¤åĊø¤Æ II ĂzĂöĊÅÿ  āwò¤Å¹

åÿ¾öíĊô  óºù ¾¤ùÿ½ĀöåFI-OS5 ā¿vºývĊñ¾ć  ¢{Æý )ºÉvF 

 ¾¨ívº³ ¡ÿwæ£$ÄýwÅ½Āöå  ôévº³ wzÄýwÅ½Āöå ]0F-m[F Ăz #

mF  ¾¨ívº³$ÄýwÅ½Āöåā¿vºýv āwò¤Å¹ ÔÅĀ£ #Ċñ¾ć )ºÉ 0F 5

v½wíĈĉ ÄýwÅ½Āöå á ½¹Ċxw ý½Ā À¤þÅĀ¤åć  ûwúă Ăí ¢Åv

 ôévº³ÄýwÅ½Āöå  ¿v ā¹wæ¤Åv wz Ăí ¢Åvĉì ÞÑ ½ĀýĊä $-m

1-.s2)ɛmol /*+ā¿vºýv #Ċñ¾ć  )ºÉmF  ¾¨ívº³$ÄýwÅ½Āöå wz #

 ¿v ā¹wæ¤Åvĉì Ûw{Év ½Āý                  $.ɛmol1-.s2-m 3+++ #

 ¡ºù Ăz3*+ ýw§ĊĂ ā¿vºývĊñ¾ć  µ¾ý )ºÉ ûÿ¾¤îõv ówê¤ýv

À¤þÅĀ¤åć $ETR¤ývĀí ¹¾îöúÝ ÿ #ùĀĈ $ À¤þÅĀ¤åYý #ĊÀ  ½¹

ñĊûwăw £ ûÿºzĊ½wú ½w£ĉîĈI åÿ¾öí āwò¤Å¹ wzĊô ÿ½Āöå óºù ¾¤ù

OS5-FI ā¿vºývĊñ¾ć $ ºÉMaxwell and Johnson, 

2000)# 

 

ö´£Ċô ā¹v¹wă 
Ä~ ā¿vºýv ¿vĊñ¾ć  ¡wæÍĈÅ½¾z¹½ĀùI ĂĉÀ¬£ôĊö´£ÿ ½wùjć 

õwýj ôùwÉĊÀ ½vÿĉÄýw ĂzĂöĊÅÿ ÷¾ýwă½vÀåvć JMP  ÿ

MSTAT-C  ôzwê¤ù ¡v¾§v Iā¹wÅ ¡v¾§v )ºþ¤å¾ñ ¡½ĀÍ

ù½ÿ*¡wýĀúÅw«ĈI¢ÅĀ úí ù½ÿ x¾Å ÿ x¾Å *¡wýĀúÅw«Ĉ-

¢ÅĀ úí  ÿ¢ĉwĄý½¹ ĂÅ ¡v¾§vĂýwñ ¡wýĀúÅw«*Ĉù½ÿ-

¢ÅĀ úíÅ½¾z x¾Å*Ĉ ¹¾ñĉºwêù Ä Å )ĉĂÆ ùĊòýwĊüwă  wz

 ûĀù¿jLSD  ²ÖÅ ½¹0 Å¾£ óÿvº« ÿ ºÉ ÷w¬ýv ºÍ½¹Ċø 

 Ăz Ă«Ā£ wz Ăí ¢Åv ¾í» Ăz ÷¿đ )ºýºÉĈþÞù½v¹ õwýj ûºÉĊÀ 

½vÿĉÄýw ù½ÿ*¡wýĀúÅw« ôzwê¤ù ¡v¾§vĈ¢ÅĀ úí Ix¾Å*

wêù óÿº«ĉĂÆ ùĊòýwĊü ĂÅ ôzwê¤ù ¡v¾§vĂýwñ Ătv½v ¹¾ñĉº  ÿ

¾§v Ăz ÓĀz¾ù óÿvº«¡v ù½ÿ*¡wýĀúÅw« ôzwê¤ù ÿ ā¹wÅĈ-

I¢ÅĀ úí ù½ÿ x¾Å ÿ x¾Å *¡wýĀúÅw«Ĉ¢ÅĀ úí  ü¤ù ½¹

)¢Åv āºÊý ā¹½ÿj Ăõwêù 

 

¦´z ÿ ªĉw¤ý 

À¬£ĉĂ ½vÿĉÄýw ùĊòýwĊü Ì·wÉćwă ¿½v ¹½ĀùĉzwĈ  ¹v¹ ûwÊý

ù½ÿ ÿ x¾Å I¡wýĀúÅw« ¾§v ĂíĈ¢ÅĀ úí  ôzwê¤ù ¡v¾§v ÿ

ûjwă  ¾zûĀĊÅĒĊúĊÅv ¹ćĊÆívº v½wí Iç¾Þ£ Iüz¾íĈĉ ù ã¾Î

vºă ÿ xjĉ¢ Ăý¿ÿ½ćv ÿ½ Ăö³¾ù ½¹ĉÊĈ  ÿv¿ĈÊĉ $Ăziwþ¨¤Åv 

ù½ÿ ¾§vĈ¢ÅĀ úí vºă ¾zĉ¢ Ăý¿ÿ½ćv ½ Ăö³¾ù ½¹ÿĉÊĈ ¾§v ÿ 

ù½ÿĈ¢ÅĀ úí v¿ Ăö³¾ù ½¹ ç¾Þ£ ¾zĉÊĈþÞù #Ĉ½v¹  ¢Åv

$ óÿº«-)# 

 

ûĀĊÅĒĊúĊÅv ć¹ºĊÆív üz¾í 
½¹ Å½¾zĈ ù ¾z x¾Å ¾§vĊûvÀ ûĀĊÅĒĊúĊÅv ć¹ºĊÆív í üz¾

¾ă ½¹ ÿ½ Ăö³¾ù ÿ¹ĉÊĈ v¿ ÿĉÊĈ vÀåv wz Ăí ºÉ Ì¸ÊùĉÈ 

ù x¾Å ¢ÚöáĊûvÀ ûĀĊÅĒĊúĊÅv ¹ćĊÆívº  Èăwí üz¾í

ĈþÞù½v¹ć Ăz ¹v¹ ûwÊýć½ĀÕĂí  ÿ ¾æÍ ¢Úöá/++  Ăz x¾Å

£¾£Ċy zĊÈĉ¾£ü øí ÿĉ¾£ü ùĊûvÀ ûĀĊÅĒĊúĊÅv ¹ v½ ÿ¹ ¾ă ½

Ăö³¾ù ÿ½ĉÊĈ v¿ ÿĉÊĈ  ËwÎ¤·v ¹Ā· Ăz$ ºý¹v¹ óÿº«.)# 

½¹ Å½¾zĈ ý ¡wýĀúÅw« ¾§vĊÀ ù ¾zĊûvÀ ûĀĊÅĒĊúĊÅv ¹ć-

ĊÆívº ÿ½ Ăö³¾ù ÿ¹ ¾ă ½¹ üz¾íĉÊĈ v¿ ÿĉÊĈ  ºÉ Ì¸Êù
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vÀåv wz ĂíĉÈ ù I¡wýĀúÅw« ¢ÚöáĊûvÀ ûĀĊÅĒĊúĊÅv ¹ć-

ĊÆívº vÀåv üz¾íĉÈ ĈþÞù½v¹ć $ ¢Év¹ óÿº«-Ăz I#ć½ĀÕĂí 

 ÿ ¾æÍ ¢Úöá,0+ £¾£ Ăz ¡wýĀúÅw«Ċy øíĉ¾£ü z ÿĊÈ£ĉ¾ü 

ùĊûvÀ ûĀĊÅĒĊúĊÅv ÿ½ Ăö³¾ù ÿ¹ ¾ă ½¹ v½ĉÊĈ v¿ ÿĉÊĈ  Ăz

$ ºý¹v¹ ËwÎ¤·v ¹Ā·pÒ0.05vÀåv wz )#ĉÈ  ¡wýĀúÅw« ¢Úöá

vÀåvĉÈ ĈþÞù½v¹ć $pÒ0.05ù ½¹ #ĊûvÀ ûĀĊÅĒĊúĊÅv ¹ć-

ĊÆívº £ ¢´£ āÿ¾ñ Ăz ¢{Æý üz¾íĊ½wú  ¾æÍ ¢Úöá wz

ÿ½ Ăö³¾ù ½¹ ¡wýĀúÅw«ĉÊĈ v¿ ÿĉÊĈ $ ºÉ āºăwÊù óÿº«

.)# 

 
 óÿº«-) À¬£ĉĂ ½vÿĉÄýw #¡wÞz¾ù üĊòýwĊù$ ù½ÿ ÿ x¾Å I¡wýĀúÅw« ¾§vĈ¢ÅĀ úí ·¾z ¾zĈ å ¡wæÍĊÀĉÁĀõĀĉîĈ Ā{É½¹wz 

Table 2. MANOVA (mean squares) for the effects of jasmonate levels and vermicompost treatments on Dracocephalum 

moldavica L.physiological characteristics under lead stress 
ĈÊĉÿ½ ºÉ½                                         Vegetative growth 

 ãĒ¤·v

 ¢Úöá2OC 

ȹC 

Ăý¿ÿ½ ¢ĉvºăćv 
gs 

 Ĉĉv½wíxj ã¾Îù 
WUE 

ç¾Þ£ 
E 

ûĀĊÅĒĊúĊÅv 
A 

 Ă«½¹

ć¹v¿j 

Df 

¾ĊĊâ£ Üzwþù 
S.O.V 

**12.00 **0.001 **2327.53 **0.007 **21.30 3 
¡wýĀúÅw« 

Jasmonate (J) 

**48.36 **0.0005 **1094.50 **0.014 **6.95 4 
x¾Å 

Lead (L) 

**19.30 **0.0005 **929.04 **0.015 **23.37 12 
¡wýĀúÅw«×x¾Å 

Jasmonate×lead 

**18.73 ns0.000 **55.91 **0.002 **20.80 1 
Ĉù½ÿ¢ÅĀ úí 

Vermicompost (V) 

**22.2 **0.001 **1877.93 **0.004 **20.09 3 
¡wýĀúÅw«× Ĉù½ÿ¢ÅĀ úí 

J× V 

**51.65 **0.0005 **1735.26 **0.013 **6.86 4 
x¾Å× Ĉù½ÿ¢ÅĀ úí 

L× V 

**39.3 **0.002 **1530.79 **0.021 **21.21 12 
¡wýĀúÅw«× x¾Å×Ĉù½ÿ¢ÅĀ úí 

J× L × V 

0.61 0.00002 6.84 0.0003 0.13 80 wÖ·                                       Error 

20.07 17.650 11.56 14.590 16.14  
#ºÍ½¹$ ¡v¾ĊĊâ£ yĉ¾Ñ 

C.V (%)  

ĈÊĉv¿ ºÉ½                                    Reproductive growth 

 ãĒ¤·v

 ¢Úöá2OC 

ȹC 

Ăý¿ÿ½ ¢ĉvºăćv 
gs 

xj ã¾Îù Ĉĉv½wí 
WUE 

ç¾Þ£ 
E 

ûĀĊÅĒĊúĊÅv 
A 

 Ă«½¹

ć¹v¿j 

Df 

¾ĊĊâ£ Üzwþù 
S.O.V 

**79.29 **0.019 **1521.23 **0.030 **2.86 3 
¡wýĀúÅw« 

Jasmonate (J) 

**252.22 **0.007 **593.51 **0.069 **14.78 4 
x¾Å 

Lead (L) 

**181.33 **0.019 **1466.57 **0.073 **14.86 12 
¡wýĀúÅw«×x¾Å 

J× L 

**340.05 **0.008 **93.45 ns0.002 **15.43 1 
Ĉù½ÿ¢ÅĀ úí 

Vermicompost (V) 

**138.53 **0.025 **253.27 **0.090 **1.61 3 
¡wýĀúÅw«× Ĉù½ÿ¢ÅĀ úí 

J× V 

**258.08 **0.043 **1673.92 **0.076 **23.23 4 x¾Å× Ĉù½ÿ¢ÅĀ úí 
L× V 

**315.85 **0.014 **1036.78 **0.0330 **5.15 12 
¡wýĀúÅw«×x¾Å × Ĉù½ÿ¢ÅĀ úí 

J× L × V 

1.56 0.001 0.982 0.002 0.19 80 wÖ·                                        Error 

13.49 20.12 7.022 14.250 20.47  
#ºÍ½¹$ ¡v¾ĊĊâ£ yĉ¾Ñ 

C.V (%)  
%%  ÿ%  yĊ£¾£ ĂzĈþÞù½v¹ ówú¤³v ²ÖÅ ½¹ ć,  ÿ0 )ºÍ½¹                                  significant at pÒ0.01 and pÒ0.05, respectively *and  ** 
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óÿº« . üĊòýwĊù ĂÆĉwêù )Ì·wÉćwă Ĉù½ÿ ÿ x¾Å I¡wýĀúÅw¬özwê¤ù ¾§v ¢´£ Ā{É½¹wz ĈîĉÁĀõĀĉÀĊå¢ÅĀ úí 
Table 3.effects of interaction between jasmonate levels, Lead levels and vermicompost treatments on Dracocephalum 

moldavica L.on physiological characteristics 

ĈÊĉÿ½ ºÉ½              Vegetative growth 

x¾Å 
Lead 

¡wýĀúÅw« 
Jasmonate 

Ĉù½ÿ¢ÅĀ úí 
Vermicompost 

 ãĒ¤·v

 ¢Úöá2Co 

ȹC 

¢ĉvºă 

Ăý¿ÿ½ćv 
gs 

 ã¾Îù Ĉĉv½wí

xj 
WUE 

ç¾Þ£ 
E 

ûĀĊÅĒĊúĊÅv 
A 

 ɛmol m-2s-1 % ɛmol.m-2s-1 ɛmol m-2s-1 mg.kg-1 mmol.l-1 t.ha-1 

g5.250 d0.050 w-s5.720 w-t0.045 fg2.540 0 

0 

0 

o-j2.675 hi0.020 kl18.730 u-q0.065 n-j1.210 100 
f7.100 ij0.015 wx 16.020 u-r0.055 p-m0.880 200 
n-j2.800 j0.010 x-v2.930 r-n0.080 t-q0.230 300 
i-g4.125 j0.010 x0.430  a0.367 st0.160 400 

4.390 0.021 8.766 0.122 1.004 Mean 
i-g4.095 

c0.060 h-f30.200 o-k0.098 f2.960 0 

50 

gh4.325 e0.040 p-m14.360 m-j 0.110 k-h 1.580 100 
m-i3.000 gh0.025 u-r6.360 k-h 0.125 q-m 0.790 200 
s-o1.500 hi0.020 w-t4.480 i-g0.140 t-n0.640 300 
s-p1.200 hi0.020 wx1.080 ef0.180 t-r0.190 400 

2.824 0.033 11.296 0.131 1.232 Mean 
s-q1.000 c0.060 b205.830 vw0.025 d5.140 0 

100 

s-o1.425 gh0.027 f37.180 u-r0.055 gh2.040 100 
b11.075 gh0.025 jk21.720 q-m0.085 hi1.850 200 

s0.500 ij0.015 t-q9.780 p-l0.090 p-m0.880 300 
rs0.750 j0.011 x-u3.420 p-l0.095 t-0 p0.32 400 

2.950 0.028 277.930 0.070 2.046 Mean 
l-h3.550 b0.070 d102.150 u-p 0.065 c6.640 0 

150 

de8.600 cd0.057 ef67.500 r-n0.080 d5.400 100 
s0.450 fg0.030 ij23.340 n-k0.105 fg2.450 200 
rs0.750 ij0.015 u-r6.480 fg0.168 o-k1.090 300 
g5.250 ijk0.017 x-u3.920 e-c0.200 r-m0.780 400 

3.720 0.038 40.678 0.108 3.272 Mean 
ef7.350 e0.040 f34.750 u-q0.060 gh2.080 0 

0 

10 

j-h3.800 ef0.037 o-l15.450 m-j0.110 j-h1.700 100 
a13.450 ef0.034 r-p10.830 l-i0.120 m-i1.300 200 
s-n1.600 fg0.030 u-r7.620 k-h0.125 o-l0.950 300 
s-n1.600 ij0.015 wxy0.670 b0.245 st0.160 400 

5.560 0.031 13.864 0.132 1.238 Mean 
n-j2.800 d0.050 cd107.150 w-u0.040 e4.310 0 

50 

k-h3.625 ef0.037 p-m13.020 s-o0.073 o-l0.950 100 
r-m1.850 ij0.015 u-r7.250 s-n0.078 t-o0.560 200 
q-m2.150 hi0.020 w-4.210 l-i0.120 t-o0.500 300 

cd9.675 j0.010 wx1.830 f-d0.190 t-p0.350 400 
4.020 0.026 26.692 0.100 1.334 Mean 

j-h3.750 d0.050 c169.830 sv0.050 b8.490 0 

100 

f6.775 ef0.035 e66.930 u-q0.060 e4.000 100 
bc10.100 gh0.027 fg29.720 t-o0.070 gh2.080 200 
p-k2.400 gh0.025 jk21.430 t-o0.070 l-h1.500 300 

rs0.767 ij0.015 x-v2.340 cd0.215 t-o0.500 400 
4.758 0.030 58.050 0.093 3.314 Mean 

s-o1.450 a0.080 a383.630 vw0.025 a9.590 0 

150 

s-p1.250 ef0.037 cd162.830 u-q 0.057 a9.270 100 
q-m2.100 ef0.037 e41.110 u-q 0.059 fg2.500 200 

ef7.500 hi0.020 x-u3.130 t-r 0.061 n-j1.160 300 
s-o1.450 ij0.015 x-u3.130 bc0.220 s-m0.730 400 

2.750 0.038 118.766 0.084 4.650 Mean 

1.269 0.007 4.250 0.028 0.590   LSD 
 ë¾¤Êù ãÿ¾³ûwÊýāºþă¹  ãĒ¤·v ÷ºÝĈþÞù½v¹ zĊü ùĊòýwĊü  Ì·wÉ ¾ă ½¹ wăĈúĊÅ½¾z¹½ĀùºÉwz 

Values with the same letter within an index are not significantly different (pÒ0.05) 
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 óÿº«.)                                                                                                                         Ăùv¹v                               Table 3. Continued 

ĈÊĉv¿ ºÉ½                Reproductive growth 

x¾Å 
Lead 

¡wýĀúÅw« 
Jasmonate 

Ĉù½ÿ¢ÅĀ úí 
Vermicompost 

 ¢Úöá ãĒ¤·v
2Co 

ȹC 

Ăý¿ÿ½ ¢ĉvºăćv 
Gs 

 Ĉĉv½wí

xj ã¾Îù 
WUE 

ç¾Þ£ 
E 

ûĀĊÅĒĊúĊÅv 
A 

 ɛmol m-2s-1 % ɛmol m-2s-1 ɛmol m-2s-1 mg.kg-1 mmol.l-1 t.ha-1 

a40.600 g-d0.143 g17.764 o-l0.190 e2.680 0 

0 

0 

q-n3.000 o-k0.070 p-l4.219 n-l0.200 j-f1.870 100 
ij7.383 o-k0.065 ij7.267 f-c0.420 k-h1.450 200 
ij8.450 p-l0.058 kl5.254 cde0.435 m-k1.000 300 
hi9.025 p-l0.055 s-q2.254 a0.571 o-m0.450 400 

13.692 0.078 7.352 0.363 1.490 Mean 
d20.150 b0.235 d24.742 k-l 0.165 d3.430 0 

50 

ij8.150 cd0.170 jk6.374 o-l 0.188 i-f1.940 100 
m-k5.150 f-d0.155 q-m3.108 h-e 0.360 l-i1.280 200 
l-j6.525 i-d0.125 r-p2.720 h-e 0.387 l-i1.260 300 

jk6.800 p-n0.035 t0.322 ab0.530 o0.170 400 
9.355 0.144 7.453 0.326 1.616 Mean 

b34.400 cd0.170 f20.170 op0.125 c4.490 0 

100 

ij8.200 h-d0.137 r-p2.682 p-n0.135 k-g1.510 100 
n-l4.650 o-k0.065 lm4.630 -g0.343 k-h1.470 200 
k-i7.025 p-m0.045 qr2.382 h-e0.370 ko0.880 300 
r-o2.400 p-m0.040 lm4.718 cd0.445 o-l0.590 400 

11.335 0.091 6.916 0.284 1.788 Mean 
g11.383 j-d0.120 c37.883 op 0.123 c5.000 0 

150 

mn4.450 j-d0.120 ij7.404 o-l0.155 ef2.580 100 
d21.350 m-h0.090 i8.121 hii0.320 l-i1.230 200 
gh10.600 mp0.040 t-r1.180 fghi0.355 o-m0.400 300 
q-n2.800 op0.027 st0.656 f-c0.423 no0.270 400 

10.117 0.079 11.049 0.275 1.896 Mean 
gh10.800 i-d0.127 f20.990 o-m0.145 c4.640 0 

0 

10 

ij7.950 k-e0.110 h13.754 lm0.213 h-e2.150 100 
s-p1.525 p-k0.063 o-l4.342 k-i0.290 k-i1.430 200 
p-m3.475 p-k0.070 n-l4.459 i-g0.333 l-i1.270 300 

rs0.767 op0.025 r-p2.656 f-c 0.418 l-i1.250 400 
4.903 0.079 9.240 0.280 2.148 Mean 

o-m4.250 a0.433 e22.682 p-n 0.137 c4.950 0 

50 

ef15.000 bc0.220 kl5.271 n-l 0.205 g-e2.210 100 
s0.315 l-f0.105 lm4.670 ij0.270 k-i1.380 200 

mn4.450 i-d 0.133 q-o2.804 i-g 0.313 l-i1.230 300 
s-q1.267 m-h0.090 r-p2.721 cd0.410 n-k0.980 400 

5.056 0.196 7.630 0.267 2.150 Mean 
ef15.500 b0.233 f19.791 p-n 0.130 a9.270 0 

100 

f14.450 de0.160 h12.917 l-j0.200 de2.760 100 
s-p1.500 i-d0.130 ij7.466 n-l0.202 k-h1.490 200 

ij7.900 i-d0.125 ij7.380 ijk0.245 k-h1.450 300 
n-l4.575 o-k0.065 p-l4.076 fghi0.353 k-i1.430 400 

8.785 0.143 10.326 0.226 3.280 Mean 
c23.925 de0.157 b59.195 op0.125 b7.350 0 

150 

r-o2.400 l-g 0.112 a109.365 opq 0.128 de2.820 100 
ij8.075 op0.025 f20.067 pq0.167 k-i1.340 200 

q-m3.125 p-n0.035 q-n2.980 n-l 0.203 l-j1.190 300 
e16.675 p0.012 s-q2.057 i-g 0.332 m-k0.990 400 

10.840 0.068 38.733 0.191 2.738 Mean 

2.029 0.051 1.160 0.073 0.71   LSD 

 ë¾¤Êù ãÿ¾³ûwÊýāºþă¹  ãĒ¤·v ÷ºÝĈþÞù½v¹ zĊü ùĊòýwĊü  Ì·wÉ ¾ă ½¹ wăĈÅ½¾z¹½Āù ĈùºÉwz 
Values with the same letter within an index are not significantly different (pÒ0.05) 
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 vÀåvĉÈ  w£ x¾Å ¢Úöá/++ ýĊÀ ÿ½ Ăö³¾ù ÿ¹ ¾ă ½¹ĉÊĈ 

v¿ ÿĉÊĈ  Èăwí y{ÅĈþÞù½v¹ć $pÒ0.05 ½¹ # ûvÀĊù

ûĀĊÅĒĊúĊÅv w~ ±ĀÖÅ Ăz ¢{ÆýĊĉü¾£ ºÉ ºăwÉ ÿ x¾Å 

$ óÿº«-ºz )#ĉü £¾£Ċy zĊÈĉ¾£ü øí ÿ¾£ĉü ùĊûvÀ 

ûĀĊÅĒĊúĊÅv ć¹üz¾í ºĊÆív ñ ½¹Ċûwăw £ ¢´£Ċ½wú z x¾Å w

 Ăö³¾ù ÿ¹ ¾ă ½¹ĈÅ½¾z¹½Āù £¾£ ĂzĊy $ ºăwÉ āÿ¾ñ Ăz4.*, 
1-s.2-m.ɛmol£ ¢´£ āÿ¾ñ ÿ #Ċ½wú  ¢Úöá wz/++  x¾Å

$1-s.2-m.ɛmol ,,*, ËwÎ¤·v #ĉ¢åw $ óÿº«.)# ówúÝv  ¹Āí

ù½ÿĈ¢ÅĀ úí ù ĂzĊûvÀ ,+  Ăö³¾ù ÿ¹ ¾ă ½¹ ½w¤îă ½¹ ü£

ÿ½ĉÊĈ v¿ ÿĉÊĈ Ăz½ĀÕ ĈþÞù½v¹ć $pÒ0.05ù #ĊûvÀ 

ûĀĊÅĒĊúĊÅv ¹ćĊÆívº v¾É Ăz ¢{Æý v½ üz¾íĉÔ ºÝ ówúÝv ÷

vÀåv ¹ĀíĉÈ $ ¹v¹ óÿº«.)# 

Å½¾z ½¹Ĉ *x¾Å*¡wýĀúÅw« ôzwê¤ù ¡v¾§vĈù½ÿ¢ÅĀ úí 

ù ¾zĊûvÀ ûĀĊÅĒĊúĊÅv ¹ćĊÆívº  Ăö³¾ù ÿ¹ ¾ă ½¹ üz¾í

ÿ½ĉÊĈ v¿ ÿĉÊĈ vÀåv wz Ăí ºÉ Ì¸ÊùĉÈ  ½¹ x¾Å ¢Úöá

£ ¢´£ āÿ¾ñ ÿ¹ ¾ăĊ½wú  ¹Āí wzĈù½ÿ¢ÅĀ úí  ówúÝv ûÿºz ÿ

ù I¹ĀíĊûvÀ ûĀĊÅĒĊúĊÅv ¹ćĊÆívº Êăwí ºýÿ½ üz¾íĈ 

v Ăí ¢Év¹ĉºÞ£ ¡wýĀúÅw« ówúÝv wz ºýÿ½ üĉô Ăz )ºÉć½ĀÕíĂ 

vÀåv āÿ¾ñ ¾ă ½¹ĉÈ ¡wýĀúÅw« ¢Úöá v y{Åĉ¹w¬  ºýÿ½

vÀåvĉÊĈ  ½¹ûĀĊÅĒĊúĊÅv ¹ćĊÆívº  Ăö³¾ù ½¹ )ºÉ üz¾í

ÿ½ĉÊĈ v¾É ½¹ĉÔ ù½ÿ ¹Āí ówúÝv ûÿºzĈ¢ÅĀ úí zĊÈ(£¾ĉü 

ûĀĊÅĒĊúĊÅv ûvÀĊù ¹ćĊÆívº £ ¢´£ āÿ¾ñ Ăz üz¾íĊ½wú  wz

 ¢Úöá,0+ ¡wýĀúÅw«  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿ¢åwĉ 

$1-s.2-m.mol 1/*1¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ )# ýĊÀ zĊ¾¤Êĉü 

ûĀĊÅĒĊúĊÅv ûvÀĊù ¹ćÆívĊº £ ¢´£ āÿ¾ñ Ăz üz¾íĊ½wú  wz

 ¢Úöá,0+  ÿ ¡wýĀúÅw«¢Úöá $ x¾Å ¾æÍ1-s.2-m.ɛmol 

04*4 ËwÎ¤·v #ĉ¢åw $ óÿº«. āÿ¾ñ ½¹ )#½wúĊ£ ù½ÿ ¹ĀíĈ-

ù I¢ÅĀ úíĊ ûvÀûĀĊÅĒĊúĊÅv £ ¢´£ āÿ¾ñ ½¹Ċ½wú öá wz ¢Ú

-++  ÿ x¾Å,0+  ¡ÿwæ£ ¡wýĀúÅw«ĈþÞù½v¹ć  ¢´£ āÿ¾ñ wz

 ¹vºý ûwÊý x¾Å ¾æÍ ¢Úöá ÿ ¡wýĀúÅw« ¾æÍ ¢Úöá ówúÝv

¾z vĉü ù ÃwÅvĈûvĀ£ v¾É ½¹ Ăí ¢æñĉÔ £ I¹Āí ówúÝvĊwú½ 

 wz ¡wýĀúÅw« ¢Úöá,0+ ùĈºývĀ£ ĂzĈzĀ· ¾¸£ ¡v¾§vĉ{Ĉ 

ÉwýĈ  ¢Úöá w£ x¾Å Èþ£ ¿v-++ ºÞ£ v½ĉô wúýĉº  ²ÖÅ ÿ

ûĀĊÅĒĊúĊÅv ¹ćĊÆívº ù ā¹ÿº´ù w£ v½ üz¾íĊûvÀ 

ûĀĊÅĒĊúĊÅv ñĊāw $ ¹¾{z đwz Èþ£ ûÿºz óÿº«.)# 

 

w¤ýĉª ûĀĊÅĒĊúĊÅv v¿ Ăö³¾ù ½¹ĉÊĈ 
v¿ Ăö³¾ù ½¹ĉÊĈ ýĊÀ vÀåv wzĉÈ v¾É ½¹ĉÔ  ¹Āí ówúÝv ûÿºz

ù½ÿĈ¢ÅĀ úí zĊÈĉ¾£ü ùĊûvÀ ûĀĊÅĒĊúĊÅv ¹ćĊÆívº 

üz¾í £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,0+  ¢Úöá ÿ ¡wýĀúÅw«

 x¾Å ¾æÍ$1-s.2-m.ɛmol 0 ËwÎ¤·v #ĉ¢åw  ¡ÿwæ£ Ăí

ĈþÞù½v¹ć Ýv ¢´£ āÿ¾ñ wzówú  ¢Úöá wz0+  ÿ ¡wýĀúÅw«

 x¾Å ¾æÍ ¢Úöá$1-s.2-m.ɛmol /4*/ āÿ¾ñ ½¹ )¢Évºý #

ý ¹Āí ówúÝv ¢´£ĊÀ zĊÈĉ¾£ü ùĊûvÀ ûĀĊÅĒĊúĊÅv ¹ćĊÆívº 

£ ¢´£ āÿ¾ñ Ăz üz¾íĊ½wú  ¢Úöá wz,0+  ¢Úöá ÿ ¡wýĀúÅw«

 ËwÎ¤·v x¾Å ¾æÍ¢åwĉ $1-s.2-m.ɛmol .0*2Ăí # Ăz ½ĀÕ

ĈþÞùć½v¹ zĊÈ¾£  ½vºêù ¿vûĀĊÅĒĊúĊÅv v¾É ½¹ĉÔ zwÊù wùv Ă

v¾zwþz ¹Āz ¹Āí ûÿºzĉü ĈþÞù ¾Ċ§m£½v¹ $pÒ0.05 ¹Āí ówúÝv #

vÀåv ¾zĉÈ ùĊûvÀ ûĀĊÅĒĊúĊÅv v¾É ½¹ĉÔ ôzwé x¾Å Èþ£ 

Ă¬Ċ¤ýć¾Ċñ $ ¢Åv óÿº«.)# 

 

ùĊûvÀ ç¾Þ£ 
½¹ Å½¾zĈ ù ¾z ¡wýĀúÅw« ¾§vĊûvÀ ÿ½ Ăö³¾ù ½¹ ç¾Þ£ĉÊĈ 

vÀåv wz Ăí ºÉ Ì¸ÊùĉÈ ù I¡wýĀúÅw« ¢ÚöáĊûvÀ  ç¾Þ£

 ÈăwíĈþÞù½v¹ć $ ¢Év¹pÒ0.05Ăz I#ć½ĀÕĂí ¾æÍ ¢Úöá 

 ÿ,0+ £¾£ Ăz ¡wýĀúÅw«Ċy zĊÈĉ¾£ü øí ÿĉ¾£ü ùĊûvÀ  ç¾Þ£

$ ºý¹v¹ ËwÎ¤·v ¹Ā· Ăz v½ óÿº«.ù ¾z ¡wýĀúÅw« )#ĊûvÀ 

£ç¾Þ v¿ Ăö³¾ù ½¹ĉÊĈ ýĊÀ Êăwí ºýÿ½Ĉ $ ¢Év¹pÒ0.05 )#

vÀåvĉÈ  ½¹ x¾Å ¢Úöá/++  Ăö³¾ù ÿ¹ ¾ă ½¹ ºăwÉ Ăz ¢{Æý

ÿ½ĉÊĈ v¿ ÿĉÊĈ vÀåvĉÈ ĈþÞù½v¹ć $pÒ0.05ù ½¹ #ĊûvÀ  ç¾Þ£

vĉ¹w¬ $ ¹Āúý óÿº«.)# ówúÝv ù½ÿ ¹ĀíĈ¢ÅĀ úí ù ĂzĊûvÀ 

,+ ÿ½ Ăö³¾ù ½¹ ½w¤îă ½¹ ü£ĉÊĈ ĂzĈþÞù ½ĀÕć½v¹ 

$pÒ0.05ù #ĊûvÀ v¾É Ăz ¢{Æý v½ ç¾Þ£ĉÔ  ¹Āí ówúÝv ÷ºÝ

$ ¹v¹ Èăwí óÿº«-v¿ Ăö³¾ù ½¹ wùv I#ĉÊĈ  ¹Āí ówúÝv ¾§v

ù½ÿĈ¢ÅĀ úí â£ ¾zĊĊ¡v¾ ùĊûvÀ  ç¾Þ£ĈþÞù½v¹ $ ¹Ā{ý« óÿº

.)# 

½¹ Å½¾zĈ ù½ÿ*x¾Å*¡wýĀúÅw« ôzwê¤ù ¡v¾§vĈ¢ÅĀ úí 

zù ¾ĊûvÀ ÿ½ Ăö³¾ù ÿ¹ ¾ă ½¹ ç¾Þ£ĉÊĈ v¿ ÿĉÊĈ  ºÉ Ì¸Êù

vÀåv wz ĂíĉÈ £ ¢´£ āÿ¾ñ ÿ¹ ¾ă ½¹ x¾Å ¢ÚöáĊ½wú ¹Āí wz 

ù½ÿĈ¢ÅĀ úí ù I¹Āí ówúÝv ûÿºz ÿĊûvÀ vÀåv ºýÿ½ ç¾Þ£ĉÊĈ 

v Ăí ¢Év¹ĉü ºÞ£ ¡wýĀúÅw« ówúÝv wz ºýÿ½ĉô Ăz ºÉć½ĀÕíĂ 

½¹ ¾ă āÿ¾ñ ĉvÀåvÈ v y{Å ¡wýĀúÅw« ¢Úöáĉ¹w¬  ºýÿ½

ÊăwíĈ ù ½¹ĊûvÀ $ ºÉ ç¾Þ£pÒ0.05ÿ½ Ăö³¾ù ½¹ )#ĉÊĈI  ½¹

v¾ÉĉÔ ù½ÿ ¹Āí ówúÝv ûÿºzĈ¢ÅĀ úí zĊÈĉ¾£ü ùĊûvÀ £ ç¾Þ

£ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá ÿ ¡wýĀúÅw« ¾æÍ ¢Úöá wz/++ 

øí ÿ x¾Åĉ¾£ü £ ¢´£ āÿ¾ñ Ăz ûjĊ½wú  ¢Úöá wz,++ 

Åw«¡wýĀú  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿĉ¢åw $ óÿº«/)# 
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 óÿº«/)  ÿ x¾Å I¡wýĀúÅw« ¾§v Äýwĉ½vÿ ĂĉÀ¬£Ĉù½ÿ¢ÅĀ úí  ôzwê¤ù ¡v¾§v ÿûjwă Ā{É½¹wz ćÀ¤þÅĀ¤å ¡wæÍ Ĉ·¾z ¾z 

Table 4. MANO VA (mean squares) for the effects of jasmonate levels and vermicompost treatments on Dracocephalum 
moldavica L.photosynthetic characteristics under lead stress 

¡wÞz¾ù üĊòýwĊù                            mean squares 

 Ă«½¹

ć¹v¿j 
df 

¾ĊĊâ£ Üzwþù 
S.O.V 

ĈÊĉv¿ ºÉ½ 
Reproductive growth 

 
ĈÊĉÿ½ ºÉ½ 

Vegetative growth 

FV/FM Y ETR  FV/FM Y ETR 

*0.0030 **0.0020 **0.0060  **0.0010 ns0.0080 **0.0120 3 
¡wýĀúÅw« 

Jasmonate (J) 

*0.0030 **0.0050 **0.0080  **0.0100 **0.0270 **0.0040 4 
x¾Å 

Lead (L) 

**0.0020 **0.0050 **0.0130  **0.0030 *0.0090 **0.0050 12 
¡wýĀúÅw«×x¾Å 

J×L  

ns0.0020 ns0.0000 ns0.0000  ns0.0010 ns0.0080 **0.0030 1 
Ĉù½ÿ¢ÅĀ úí 

Vermicompost (V) 

*0.0020 **0.0030 **0.0060  ns0.0000 *0.0140 *0.0000 3 
¡wýĀúÅw«×Ĉù½ÿ¢ÅĀ úí 

J×V 

ns0.0010 **0.0030 **0.0090  **0.003 ns0.0040 **0.0100 4 
x¾Å×Ĉù½ÿ¢ÅĀ úí 

L×V 

ns0.0020 **0.0010 **0.0070  **0.004 **0.0130 **0.0060 12 
¡wýĀúÅw«×x¾Å×Ĉù½ÿ¢ÅĀ úí 

J×L ×V 

0.0010 0.0002 0.0010  0.0002 0.0040 0.0002 80 
wÖ· 

Error  

3.8200 1.7500 10.71  1.900 8.4100 4.7200  
#ºÍ½¹$ ¡v¾ĊĊâ£ yĉ¾Ñ 

CV%  

nsI%%  ÿ% yĊ£¾£ Ăz ûwÊýāºþă¹  ÷ºÝĈþÞù½v¹Ić þÞùĈ½v¹ ówú¤³v ²ÖÅ ½¹ ć,  ÿ0 )ºÍ½¹ 
ns, **  and * showed non significant, significant at pÒ0.01 and pÒ0.05, respectively 

 

ý ¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ĊÀ zĊÈĉ¾£ü ùĊûvÀ  Ăz ç¾Þ£

£ ¢´£ āÿ¾ñĊ½wú  ¢Úöá ÿ ¡wýĀúÅw« ¾æÍ ¢Úöá wz/++ 

øí ÿ x¾Åĉ¾£ü ùĊûvÀ £ ¢´£ āÿ¾ñ Ăz ç¾Þ£Ċ½wú ¢Úöá wz 

,0+ ùĊöĈ õ ¾z óĀùĊ¾¤  x¾Å ¾æÍ ¢Úöá ÿ ¡wýĀúÅw«

 ËwÎ¤·vĉ¢åw $ óÿº«.z I#v¾zwþĉü £Ċ½wú ,0+ ùĊöĈ  ¾z óĀù

õĊ¾¤ ¢Úöá wz x¾Å Èþ£ ¡v¾§v ¢Åv Ă¤ÆývĀ£ ¡wýĀúÅw« 

,++ I-++  ÿ.++ ĈöĊù÷¾ñ  ¾z÷¾ñĀöĊí ëw· ù ¾z v½ĊûvÀ 

 ç¾Þ£ĂzĈþÞù ½ĀÕć½v¹ ºÞ£ĉô wúýĉº ù ÿĊûvÀ  ¢{Æý v½ ç¾Þ£

¡wýĀúÅw« ówúÝv ûÿºz āÿ¾ñ Ăz ĂzĈþÞù ½ĀÕć½v¹  ºă¹ Èăwí

$pÒ0.05)# 

½¹ v¿ Ăö³¾ùĉÊĈI v¾É ½¹ĉÔ ù½ÿ ¹Āí ówúÝv ûÿºzĈ-

¢ÅĀ úí zĊÈĉ¾£ü ùĊûvÀ £ ¢´£ āÿ¾ñ Ăz ç¾Þ£Ċ½wú z ¢Úöá w

 ¢Úöá ÿ ¡wýĀúÅw« ¾æÍ/++  ËwÎ¤·v x¾Åĉ¢åw) 

 ý ¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ĊÀ zĊÈĉ¾£ü ùĊûvÀ Ăz ç¾Þ£ 

£ ¢´£ āÿ¾ñĊ½wú  ¢Úöá ÿ ¡wýĀúÅw« ¾æÍ ¢Úöá wz/++ 

 ËwÎ¤·v x¾Åĉ¢åw  ¡ÿwæ£ ĂíĈþÞù½v¹ć āÿ¾ñ wzćwă ¢´£ 

$ ¢Úöá ówúÝv0+  ÿ ¡wýĀúÅw«/++ $ ¢Úöá ÿ #x¾Å,++ 

¡wýĀúÅw«  ÿ/++ $ ¢Évºý I#x¾Å óÿº«/øí )#ĉ¾£ü ùĊûvÀ 

 ¾ă ½¹ ç¾Þ£ÿ¹ v¾ÉĉÔ ý ¹Āí ówúÝv ûÿºz ÿ ¹Āí ówúÝvĊÀ  Ăz

£ ¢´£ āÿ¾ñĊ½wú  ¢Úöá wz,0+ Í ¢Úöá ÿ ¡wýĀúÅw« ¾æ

 ËwÎ¤·v x¾Åĉ¢åw $ óÿº«.ù½ÿ ¹Āí ûÿºz āÿ¾ñ ½¹ )#Ĉ-

I¢ÅĀ úí £Ċ½wú ,0+  ÿ,++ ùĊöĈ õ ¾z óĀùĊ¾¤  ¡wýĀúÅw«

 x¾Å Èþ£ ¡v¾§v ¢Åv Ă¤ÆývĀ£/++ ù ¾z v½ĊûvÀ  ç¾Þ£Ăz ½ĀÕ

ĈþÞùć½v¹ ºÞ£ĉô ýwúĉº ù ÿĊûvÀ  ûÿºz āÿ¾ñ Ăz ¢{Æý v½ ç¾Þ£

 Èþ£ ÿ ¡wýĀúÅw« ówúÝv/++  Ix¾ÅĂzĈþÞù ½ĀÕć½v¹ 

$pÒ0.05$ ºă¹ Èăwí # óÿº«. ¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ )#

ýÀĊ £½wúĊ ,0+ ùĊöĈ õ ¾z óĀùĊ¾¤  ¢Åv Ă¤ÆývĀ£ ¡wýĀúÅw«

 x¾Å Èþ£ ¡v¾§v/++ ù ¾z v½ĊûvÀ  ç¾Þ£ĂzĈþÞù ½ĀÕć½v¹ 

ºÞ£ĉô wúýĉº ù ÿĊ ówúÝv ûÿºz āÿ¾ñ Ăz ¢{Æý v½ ç¾Þ£ ûvÀ

 Èþ£ ¢´£ ÿ ¡wýĀúÅw«/++  x¾ÅĂzĈþÞù ½ĀÕć½v¹ 

$pÒ0.05$ ºă¹ Èăwí # óÿº«.)# 

 

vºăĉ¢ Ăý¿ÿ½ćv 
vºăĉ¢ Ăý¿ÿ½ćv ýĊÀ ÿ½ Ăö³¾ù ½¹ĉÊĈ v¿ ÿĉÊĈ §m£ ¢´£Ċ¾ 

vÀåv wz ÿ ¢å¾ñ ½v¾é ¡wýĀúÅw«ĉÈ  ºýÿ½ ¡wýĀúÅw« ¢Úöá

vÀåvĉÊĈ $pÒ0.05$ ¹v¹ ûwÊý # óÿº«.)# 

ówúÝv ý x¾ÅĊÀ vºă Èăwí y{Åĉ¢ Ăý¿ÿ½ćv  ÿ¹ ¾ă ½¹

ÿ½ Ăö³¾ùĉÊĈ v¿ ÿĉÊĈ ¹¾ñĉº $ óÿº«.Ăz I#ć½ĀÕ ½¹ Ăí



04/ Èþ£wă ºö« IĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć,2 ÀĊtw~ I,/+. 

 

ÿ½ Ăö³¾ùĉÊĈ øíĉ¾£ü ùĊûvÀ vºăĉ¢ Ăý¿ÿ½ćv  ¢´£ āÿ¾ñ Ăz

£Ċ½wú  ¢Úöá wz/++  ËwÎ¤·v x¾Åĉ¢åw $ óÿº«. ½¹ )#

v¿ Ăö³¾ùĉÊĈ ýĊÀ ùĊûvÀ vºăĉ¢ Ăý¿ÿ½ćv £ ¢´£ āÿ¾ñ ½¹Ċú½w 

Úöá wz¢ /++  Èăwí x¾ÅĈþÞù½v¹ć $pÒ0.05 Ăz ¢{Æý #

wÅĉ¾ āÿ¾ñwă ûwÊý ºý¹v¹ $ óÿº«.)# 

ówúÝv ù½ÿ ¹ĀíĈ¢ÅĀ úí ÿ½ Ăö³¾ù ½¹ĉÊĈ ývºþ¯Ĉ  ¾z

vºăĉ¢ Ăý¿ÿ½ćv v¿ Ăö³¾ù ½¹ wùv ¢ÉvºýĉÊĈ vÀåv y{ÅĉÈ 

ĈþÞù½v¹ć $pÒ0.05vºă ½¹ #ĉ¢ Ăý¿ÿ½ćv $ ºÉ óÿº«.)# 

½¹ Å½¾zĈ ù½ÿ*x¾Å*¡wýĀúÅw« ôzwê¤ù ¡v¾§vĈ¢ÅĀ úí 

ù ¾zĊûvÀ vºăĉ¢ Ăý¿ÿ½ćv  Ăö³¾ù ÿ¹ ¾ă ½¹ĈÅ½¾z¹½Āù 

vÀåv wz Ăí ºÉ Ì¸ÊùĉÈ  ¢´£ āÿ¾ñ ÿ¹ ¾ă ½¹ x¾Å ¢Úöá

£Ċ½wú ù½ÿ ¹Āí wzĈ¢ÅĀ úí ù I¹Āí ówúÝv ûÿºz ÿĊûvÀ vºăĉ¢ 

Ăý¿ÿ½ćv Êăwí ºýÿ½Ĉ v Ăí ¢Év¹ĉü  ¡wýĀúÅw« ówúÝv wz ºýÿ½

vvÀåĉÊĈ Ăz )ºÉ½ĀÕćĂí vÀåv āÿ¾ñ ¾ă ½¹ĉÈ  ¢Úöá

v y{Å ¡wýĀúÅw«ĉ¹w¬ vÀåv ºýÿ½ĉÊĈ ù ½¹ĊûvÀ vºăĉ¢ Ăý¿ÿ½-

ćv ÿ½ Ăö³¾ù ½¹ )ºÉĉÊĈI v¾É ½¹ĉÔ ù½ÿ ¹Āí ówúÝv ûÿºzĈ-

¢ÅĀ úí øíĉ¾£ü ùĊûvÀ vºăĉ¢ Ăý¿ÿ½ćv £ ¢´£ āÿ¾ñ ĂzĊ½wú 

¢Úöá ÿ ¡wýĀúÅw« ¾æÍ ¢Úöá wzćwă .++  ÿ/++  ÿ x¾Å

zĊÈĉ¾£ü ùĊûvÀ £ ¢´£ āÿ¾ñ Ăz ûjĊ½wú x¾Å ¾æÍ ¢Úöá wz 

 ÿ ¢Úöá,0+ ùĊöĈ õ ¾z óĀùĊ¾¤  ËwÎ¤·v ¡wýĀúÅw«ĉ¢åw 

$ óÿº«.ý ¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ )#ĊÀ zĊÈĉ¾£ü ùĊûvÀ 

vºăĉ¢ Ăý¿ÿ½ćv £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,0+ ùĊöĈ  óĀù

õ ¾zĊ¾¤  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿ ¡wýĀúÅw«ĉ¢åw í ÿø-

ĉ¾£ü ùĊûvÀ vºăĉ¢ Ăý¿ÿ½ćv £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz0+ 

ùĊöĈ õ ¾z óĀùĊ¾¤  ¢Úöá ÿ ¡wýĀúÅw«/++  ËwÎ¤·v x¾Å

ĉ¢åw $ óÿº«.)# 

½¹ v¿ Ăö³¾ùĉÊĈI v¾É ½¹ĉÔ  ¹Āí ówúÝv ûÿºz

Ĉù½ÿ¢ÅĀ úí zĊ¾¤Êĉü ùĊûvÀ vºăĉ¢ Ăý¿ÿ½ćv ´£ āÿ¾ñ Ăz ¢

£Ċ½wú  ¢Úöá wz0+  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿ ¡wýĀúÅw«

ĉ¢åw $pÒ0.05 ¢´£ āÿ¾ñ ½¹ )#ý ¹Āí ówúÝvĊÀ zĊ¾¤Êĉü ùĊûvÀ 

vºăĉ¢ Ăý¿ÿ½ćv £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz0+ ùĊöĈ  óĀù

õ ¾zĊ¾¤  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿ ¡wýĀúÅw«ĉ¢åw  ÿ

¾¤úíĉü ùĊûvÀ vºăĉ¢ Ăý¿ÿ½ćv £ ¢´£ āÿ¾ñ ĂzĊ½wú ¢Úöá wz 

,0+ ùĈöĊ õ ¾z óĀùĊ¾¤  ¢Úöá ÿ ¡wýĀúÅw«/++  x¾Å

 ËwÎ¤·vĉ¢åw $ óÿº«/)# 

 

v½wíĈĉ xj ã¾Îù 
v½wíĈĉ ý xj ã¾ÎùĊÀ ÿ½ Ăö³¾ù ÿ¹ ¾ă ½¹ĉÊĈ v¿ ÿĉÊĈ ¢´£ 

§m£Ċ¾ vÀåv wz ÿ ¢å¾ñ ½v¾é ¡wýĀúÅw«ĉÈ  ¡wýĀúÅw« ¢Úöá

vÀåv ºýÿ½ĉÊĈ $pÒ0.05$ ¹v¹ ûwÊý # óÿº«.Ăz I#ć½ĀÕĂí  ½¹

 ¢Úöá,0+ ùĊöĈ õ ¾z óĀùĊ¾¤ z I¡wýĀúÅw«ĊÈĉ¾£ü ùĊÀûv 

v½wíĈĉ  ¡ÿwæ£ Ăí ºÉ āºăwÊù xj ã¾ÎùĈþÞù½v¹ć  wz

á¢Úöćwă øí¾£ ¡wýĀúÅw« ûwÊý ¹v¹ $pÒ0.05)# 

ówúÝv ý x¾ÅĊÀ ¢Úöá Ăúă ½¹wă y{Å Èăwí ĈþÞù½v¹ć 

$pÒ0.05ù ½¹ #ĊûvÀ v½wíĈĉ ÿ½ Ăö³¾ù ½¹ xj ã¾ÎùĉÊĈ  ÿ

v¿ĉÊĈ ¹¾ñĉº $ óÿº«.Ăz I#ć½ĀÕĂí øíĉ¾£ü ùĊûvÀ v½wíĈĉ 

ÿ½ Ăö³¾ù ½¹ xj ã¾ÎùĉÊĈ v¿ ÿĉÊĈ £ ¢´£ āÿ¾ñ ĂzĊ½wú z w

 ¢Úöá/++ ĈöĊù÷¾ñ í ¾zĊ÷¾ñĀö  ËwÎ¤·v x¾Å ëw·ĉw¢å 

$pÒ0.05)# 

ówúÝv ù½ÿ ¹ĀíĈ¢ÅĀ úí ÿ½ Ăö³¾ù ÿ¹ ¾ă ½¹ĉÊĈ  ÿ

v¿ĉÊĈ vÀåvĉÈ ĈþÞù½v¹ć $pÒ0.05v½wí ¾z #Ĉĉ  xj ã¾Îù

$ ¢Év¹ óÿº«.Å½¾z ½¹ )#Ĉ  ôzwê¤ù ¡v¾§v

ù½ÿ*x¾Å*¡wýĀúÅw«Ĉ¢ÅĀ úí ù ¾zĊûvÀ v½wíĈĉ  xj ã¾Îù

 Ăö³¾ù ÿ¹ ¾ă ½¹ĈÅ½¾z¹½Āù vÀåv wz Ăí ºÉ Ì¸ÊùĉÈ ¢Úöá 

£ ¢´£ āÿ¾ñ ÿ¹ ¾ă ½¹ x¾ÅĊù½ÿ ¹Āí wz ½wúĈ¢ÅĀ úí ÿºz ÿ û

ù I¹Āí ówúÝvĊûvÀ v½wíĈĉ Êăwí ºýÿ½ xj ã¾ÎùĈ  Ăí ¢Év¹

vĉü vÀåv ¡wýĀúÅw« ówúÝv wz ºýÿ½ĉÊĈ ÿ½ Ăö³¾ù ½¹ )ºÉĉÊĈI 

v¾É ½¹ĉÔ ù½ÿ ¹Āí ówúÝv ûÿºzĈ¢ÅĀ úí zĊÈĉ¾£ü ùĊÀûv 

v½wíĈĉ £ ¢´£ āÿ¾ñ Ăz xj ã¾ÎùĊ½wú  ¢Úöá wz,++ ùĊöĈ 

õ ¾z óĀùĊ¾¤ wýĀúÅw«¡  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿĉåw¢ )

ý ¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ĊÀ zĊÈĉ¾£ü ùĊûvÀ ív½wĈĉ Îù ã¾

£ ¢´£ āÿ¾ñ Ăz xjĊ½wú ¢Úöá wzćwă ,0+ ùĊöĈ õ ¾z óĀùĊ¾¤ 

 ËwÎ¤·v x¾Å ¾æÍ ÿ ¡wýĀúÅw«ĉ¢åw øí ÿĉ¾£ü ùĊûvÀ 

v½wíĈĉ £ ¢´£ āÿ¾ñ Ăz xj ã¾ÎùĊ½wú  ¾æÍ ¢Úöá wz

 ¢Úöá ÿ ¡wýĀúÅw«/++  x¾Å ËwÎ¤·v¢åwĉ  āÿ¾ñ wz Ăí

£ ¢´£Ċ½wú  ¢Úöá wz.++  ÿ/++ wÅ ½¹ x¾Åĉ¾ ¢Úöáćwă 

$ ¡wýĀúÅw«0+  ÿ,++ ùĊöĈ õ ¾z óĀùĊ¾¤ ãĒ¤·v #ĈþÞù½v¹ć 

$ ¢Évºý óÿº«.v¿ Ăö³¾ù ½¹ )#ĉÊĈI v¾É ½¹ĉÔ  ówúÝv ûÿºz

ù½ÿ ¹ĀíĈI¢ÅĀ úí øíĉ¾£ü ùĊûvÀ v½wíĈĉ ÿ¾ñ Ăz xj ã¾Îù ā

£ ¢´£Ċ½wú  ¢Úöá wz0+ ýĀúÅw«¡w  ¢Úöá ÿ/++  x¾Å

 ËwÎ¤·vĉ¢åw  ¡ÿwæ£ ĂíĈþÞù½v¹ć £ ¢´£ āÿ¾ñ wzĊ½wú z w

 ¢Úöá,0+  ¢Úöá ÿ ¡wýĀúÅw«/++  I¹vºý ûwÊý x¾Å

õw³½¹ĈĂí vĉü wÅ wz ¡ÿwæ£ĉ¾ āÿ¾ñćwă Å½¾z¹½Āù ĈĈþÞù¹½v 

$pÒ0.05$ ¹Āz I# óÿº«.v ½¹ )#ĉü z Iāÿ¾ñĊÈĉ¾£ü ùĊûvÀ 

v½wíĈĉ ý xj ã¾ÎùĊÀ £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,0+ 

¡wýĀúÅw«  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿĉ¢åw ¢´£ āÿ¾ñ ½¹ )

v¿ Ăö³¾ù ÿ ¹Āí ówúÝvĉÊĈ ýĊÀ zĊÈĉ¾£ü ùĊûvÀ v½wíĈĉ ù ã¾Î

£ ¢´£ āÿ¾ñ Ăz xjĊ½wú  ¢Úöá wz,0+  ¢Úöá ÿ ¡wýĀúÅw«
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,++  ËwÎ¤·v x¾Åĉ¢åw øí ÿĉ¾£ü ùĊûvÀ v½wíĈĉ  ã¾Îù

ý xjĊÀ £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,0+ ùĊöĈ õ ¾z óĀùĊ¾¤ 

 ¢Úöá ÿ ¡wýĀúÅw«/++  ËwÎ¤·v x¾Åĉ¢åw  ¡ÿwæ£ Ăí

ĈþÞù½v¹ć āÿ¾ñ wzćwă $:x¾Å ÿ ¡wýĀúÅw« ówúÝv ¢´£,0+ 

 ÿ ¡wýĀúÅw«.++ $ āÿ¾ñ I#x¾Å0+  ÿ ¡wýĀúÅw«.++ 

 I#x¾Å$ āÿ¾ñ0+  ÿ ¡wýĀúÅw«/++  ¾æÍ$ āÿ¾ñ ÿ #x¾Å

 ÿ ¡wýĀúÅw«/++ x¾Å#$ ¢Évºý 9 óÿº«.)# 

 

ùĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ (Fv/Fm) 

À¬£ĉĂ ½vÿĉÄýw ùĊòýwĊü Ì·wÉćwă ¿½v ¹½ĀùĉzwĈ  ¹v¹ ûwÊý

 ôzwê¤ù ¡v¾§v ÿ x¾Å I¡wýĀúÅw« ¾§v Ăíûjwă ù ¾zĊûvÀ 

ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ (Fv/Fm)  Ăö³¾ù ½¹ÿ½ĈÊĉ þÞùĈ½v¹ 

pÒ0.05 $ ¢ÅvĂziwþ¨¤Åv ù½ÿ*¡wýĀúÅw« ôzwê¤ù ¾§vĈ-

¢ÅĀ úí$ # óÿº«/þ°úă )#Ċü  ¾§v Ăí ºÉ Ì¸Êù

¾Å ÿ ¡wýĀúÅw«x  Ix¾Å*¡wýĀúÅw« ôzwê¤ù ¡v¾§v ÿ

ù½ÿ*¡wýĀúÅw«Ĉ¢ÅĀ úí ù ¾zĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ 

$Fv/Fmv¿ Ăö³¾ù ½¹ #ĉÊĈ ýĊÀ ĈþÞù½v¹ $ ¢ÅvpÒ0.05)# 

 Å½¾z ½¹Ĉ ù ¾z ¡wýĀúÅw« ¾§vĊûvÀ ÅĀ¤å ¹¾îöúÝĊÆø¤ȽȽ 

(Fv/Fm) ÿ½ Ăö³¾ù ½¹ĉÊĈ vÀåv wz Ăí ºÉ Ì¸ÊùĉÈ ¢Úöá 

ù I¡wýĀúÅw«ĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤ÆȽȽ (Fv/Fm) vÀåvÈĉ 

þÞùĈć½v¹ $pÒ0.05Ăz I¢Év¹ #ć½ĀÕĂí  ¢Úöáÿ ¾æÍ ,0+ 

£¾£ Ăz ¡wýĀúÅw«Ċy øíĉ¾£ü z ÿĊÈĉ¾£ü ùĊûvÀ ¾îöúÝ ¹

ÅĀ¤åĊø¤Æ ȽȽ (Fv/Fm) $ ºý¹v¹ ËwÎ¤·v ¹Ā· Ăz v½ óÿº«

0õÿ I#Ĉ zĊü  ±ĀÖÅ0+I,++  ÿ,0+ ùĊöĈ õ ¾z óĀùĊ¾¤ 

 ¡wýĀúÅw«¾Úý¿v ùĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ (Fv/Fm) 

 ¡ÿwæ£ĈþÞù½v¹ć $ ºÊý āºăwÊù óÿº«/)# 

¡wýĀúÅw« v¿ Ăö³¾ù ½¹ĉÊĈI ùĊûvÀ ÅĀ¤å ¹¾îöúÝĊ¤Æø 

ȽȽ (Fv/Fm)  ¢Úöá ½¹ v½,++ ÿ ,0+ ùĊöĈ õ ¾z óĀùĊ¾¤ 

 ºăwÉ āÿ¾ñ Ăz ¢{ÆýĈþÞù ÈĉvÀåvć½v¹ $ ¹v¹pÒ0.05õÿ I#Ĉ 

 ¢Úöá0+ ùĊöĈ õ ¾z óĀùĊ¾¤  ¡ÿwæ£ ºăwÉ ĂýĀúý wz ¡wýĀúÅw«

ĈþÞù½v¹ć $ ¹vºý ûwÊý óÿº«0)# 

 vÀåvĉÈ ý x¾Å ¢ÚöáĊÀ ÿ½ Ăö³¾ù ½¹ĉÊĈ  Èăwí y{Å

ĈþÞù½v¹ć $pÒ0.05ù ½¹ #ĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤ÆȽȽ 

(Fv/Fm) Ăz ºÉ ºăwÉ Ăz ¢{Æýć½ĀÕĂí øíĉ¾£ü ùĊûvÀ 

ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ (Fv/Fm)  ¢Úöá Ăz/++  x¾Å

 ËwÎ¤·vĉ¢åw $ óÿº«0v¿ Ăö³¾ù ½¹ )#ĉÊĈ vÀåv wzĉÈ  ¢Úöá

Ăz x¾Å ,++  ÿ-++ IĈþÞù ¾ĊĊâ£ć½v¹ ù ½¹ĊûvÀ  ¹¾îöúÝ

ÅĀ¤åĊø¤Æ ȽȽ (Fv/Fm) $ ºÊý āºăwÊù óÿº«/õÿ I#Ĉ  wz

vÀåvĉÈ zĊÈ ²ÖÅ Ăz x¾Å ¢Úöá ¾£.++  ÿ/++  Èăwí

ĈþÞù½v¹ć $pÒ0.05ù ½¹ #ĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤ÆȽȽ 

(Fv/Fm) $ ºÉ āºăwÊù ºăwÉ Ăz ¢{Æý óÿº«0)# 

ùĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ (Fv/Fm)  ¢´£ āÿ¾ñ ½¹

£Ċ½wú ù½ÿ ¹Āí wzĈ¢ÅĀ úí ÿ½ Ăö³¾ù ÿ¹ ¾ă ½¹ĉÊĈ v¿ ÿĉÊĈ 

vÀåv ó¾¤þí āÿ¾ñ Ăz ¢{ÆýĉÈ õÿ ¹v¹ ûwÊýĈ vĉü vÀåvĉÈ 

ĈþÞù½v¹ $ ¹Ā{ý óÿº«0)# 

½¹ Å½¾zĈ ù½ÿ*x¾Å*¡wýĀúÅw« ôzwê¤ù ¡v¾§vĈ¢ÅĀ úí 

ù ¾zĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ (Fv/Fm)  Ăö³¾ù ÿ¹ ¾ă ½¹

ÿ½ĉÊĈ v¿ ÿĉÊĈI vÀåv wz Ăí ºÉ Ì¸ÊùĉÈ  ½¹ x¾Å ¢Úöá

£ ¢´£ āÿ¾ñ ÿ¹ ¾ăĊ½wú ù½ÿ ¹Āí wzĈ¢ÅĀ úí  ówúÝv ûÿºz ÿ

ù I¹ĀíĊûvÀ ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ Êăwí ºýÿ½Ĉ v Ăí ¢Év¹ĉü 

vÀåv ¡wýĀúÅw« ówúÝv wz ºýÿ½ĉÊĈ ÿ½ Ăö³¾ù ½¹ )ºÉĉÊĈI  ½¹

v¾ÉĉÔ  ¹Āí ówúÝv ûÿºzĈù½ÿ¢ÅĀ úí zĊÈĉ¾£ü ùĊûvÀ 

ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,0+ ùĊöĈ 

õ ¾z óĀùĊ¾¤  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿ ¡wýĀúÅw«ĉåw¢ 

£ ¢´£ āÿ¾ñ wz ĂíĊ½wú  ¢Úöá wz,++ ùĊöĈ õ ¾z óĀùĊ¾¤ 

ýĀúÅw«¡w  ¡ÿwæ£ x¾Å ¾æÍ ¢Úöá ÿĈþÞù½v¹ć  ¢Évºý

$ óÿº«0)# 

 ÿ½ Ăö³¾ù ½¹ ¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ĉÊĈI ýĊÀ zĊÈ-

ĉ¾£ü ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,++ 

ùĊöĈ õ ¾z óĀùĊ¾¤  ËwÎ¤·v x¾Å ¾æÍ ÿ ¡wýĀúÅw«ĉåw¢  ÿ

øíĉ¾£ü ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz

,++ ùĊöĈ õ ¾z óĀùĊ¾¤  ¢Úöá ÿ ¡wýĀúÅw«/++  x¾Å

 ËwÎ¤·vĉ¢åw £ ¢´£ āÿ¾ñ wz ĂíĊ½wú ù ¾æÍ ¢Úöá wzĊöĈ 

õ ¾z óĀùĊ¾¤  ÿ ¡wýĀúÅw«/++  ãĒ¤·v x¾ÅĈþÞù½v¹ć 

$ ¢Évºý óÿº«0)# 

½¹ v¿ Ăö³¾ùĉÊĈI v¾É ½¹ĉÔ ù½ÿ ¹Āí ówúÝv ûÿºzĈ

I¢ÅĀ úí øíĉ¾£ü ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ £ ¢´£ āÿ¾ñ ĂzĊ½wú 

 ¢Úöá wz0+  ¢Úöá ÿ ¡wýĀúÅw«/++  ËwÎ¤·v x¾Åĉ¢åw 

$ óÿº«0ý ¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ )#ĊÀ zĊÈĉ¾£ü  ¹¾îöúÝ

ÅĀ¤åĊø¤Æ ȽȽ £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,0+ ùĊöĈ  óĀù

õ ¾zĊ¾¤ «¡wýĀúÅw  ¢Úöá ÿ-++  ËwÎ¤·v x¾Åĉ¢åw )

ûwĉwÉ¾í» z Ăí ¢ÅvĊü āÿ¾ñćwă ĈÅ½¾z¹½Āù  Ăö³¾ù ½¹

v¿ĉÊĈ ¾Úý¿v ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ  ¡ÿwæ£ĈþÞù½v¹ć  āºăwÊù

 IºÊýüĉvwzów³ øíĉ¾£ü ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ ýĊÀ  āÿ¾ñ Ăz

£ ¢´£Ċ½wú  ¢Úöá ÿ ¡wýĀúÅw« ¾æÍ ¢Úöá wz/++  x¾Å

 ËwÎ¤·vĉ¢åw $ óÿº«0)# 
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 óÿº«0 üĊòýwĊù ĂÆĉwêù )Ì·wÉćwă  Ā{É½¹wz ćÀ¤þÅĀ¤å¾§v ¢´£ ôzwê¤ù  ÿ x¾Å I¡wýĀúÅw«Ĉù½ÿ¢ÅĀ úí 

Table 5.effects of interaction between jasmonate levels, Lead levels and vermicompost treatments on 

Dracocephalum moldavica L.  on photosynthetic characteristics 
ĈÊĉÿ½ ºÉ½         $Vegetative growth# 

 x¾Å
Lead 

¡wýĀúÅw« 
Jasmonate 

Ĉù½ÿ ¢ÅĀ úí
Vermicompost 

ćÀ¤þÅĀ¤å ¹¾îöúÝ 
FV/FM 

ĈùĀ¤ývĀí ¹¾îöúÝ 
Y 

ûÿ¾¤îõv ówê¤ýv µ¾ý 
ETR 

  (ɛmol electron m-2s -1) mg.kg-1 mmol.l-1 t.ha-1 

op0.723 a0.804 b0.302 0 

0 

0 

m-i0.762 a0.791 b0.305 100 
l-h0.765 a0.770 b0.302 200 
e-c0.794 a0.738 b0.298 300 

op0.722 b0.483 e0.150 400 
0.753 0.717 0.271 Mean 

g-c0.789 a0.807 b0.300 0 

50 

j-d0.775 a0.787 b0.300 100 
l-f0.770 a0.811 b0.300 200 
l-g0.766 a0.783 d0.208 300 

qr0.686 a0.727 d0.200 400 

0.757 0.783 0.222 Mean 
ab0.828 a0.794 b0.300 0 

100 

l-g0.769 a0.785 b0.300 100 
n-l0.750 a0.787 b0.302 200 
o-m0.740 a0.766 b0.300 300 

r0.682 a0.735 b0.301 400 

0.754 0.773 0.301 Mean 
a0.830 a0.795 b0.308 0 

150 

e-c0.795 a0.789 b0.304 100 
j-d0.777 a0.782 b0.300 200 
n-j0.757 a0.770 b0.302 300 
n-k0.751 a0.769 b0.286 400 

0.782 0.781 0.300 Mean 
cd0.797 a0.800 b0.306 0 

0 

10 

h-c0.786 a0.774 b0.304 100 
l-g0.766 a0.770 b0.300 200 
l-h0.765 a0.717 b0.298 300 

pq0.709 b0.540 b0.287 400 

0.763 0.720 0.299 Mean 
e-c 0.792 a0.783 b0.310 0 

50 

i-d0.782 a0.788 b0.308 100 
l-h0.765 a0.779 b0.304 200 
n-l0.748 a0.791 b0.300 300 
o-m0.741 a0.771 b0.300 400 

0.766 0.474 0.304 Mean 
bc0.806 a0.798 b0.315 0 

100 

f-c0.792 a0.793 b0.308 100 
j-d0.775 a0.781 b0.303 200 
o-m0.740 a0.764 b0.300 300 

qr0.692 a0.735 c0.250 400 

0.761 0.774 0.295 Mean 
i-c0.785 a0.805 b0.400 0 

150 

i-d0.782 a0.795 a0.350 100 
k-e0.773 a0.788 b0.300 200 
j-d0.775 a0.778 b0.300 300 

no0.736 a0.771 b0.280 400 

0.770 0.787 0.326 Mean 

0.023 0.103 0.023   LSD 

Values with the same letter within an index are not significantly different (pÒ0.05) 
ûwÊý ë¾¤Êù ãÿ¾³ ÷ºÝ āºþă¹ĈþÞù ãĒ¤·vz ½v¹Ċü ùĊòýwĊü ĈÅ½¾z¹½Āù Ì·wÉ ¾ă ½¹ wă ĈùºÉwz 
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 óÿº«0Ăùv¹v )                                                                                                               Table 5. Continued 

 ºÉ½v¿ĈÊĉ        $Reproductive growth#  

x¾Å 
Lead 

¡wýĀúÅw« 
Jasmonate 

Ĉù½ÿ ¢ÅĀ úí
Vermicompost 

ćÀ¤þÅĀ¤å ¹¾îöúÝ 

FV/FM 

ĈùĀ¤ývĀí ¹¾îöúÝ 
Y 

ûÿ¾¤îõv ówê¤ýv µ¾ý 
ETR 

 

  (ɛmol electron m-2s -1)  mg.kg-1 mmol.l-1 t.ha-1 
ab0.785 e-a0.744 bc0.300  0 

0 

0 

ab 0.777 g-a0.740 cd0.250  100 
ab 0.756 f-a0.741 cd0.220  200 
ab 0.744 n-j0.705 d0.200  300 
ab 0.787 r0.636 e0.120  400 

0.770 0.713 0.218  Mean 
ab 0.775 c-a0.756 bc0.300  0 

50 

ab 0.758 ab0.757 bc 0.300  100 
ab 0.741 k-e0.726 Cd0.250  200 
ab 0.732 o-m0.693 cd0.250  300 
b0.711 op0.674 d0.200  400 

0.743 0.721 0.260  Mean 
a0.791 ab0.758 b0.350  0 

100 

ab 0.784 h-b0.736 bc0.300  100 
ab 0.745 l-f0.719 bc0.300  200 
ab 0.742 l-h0.716 cd0.250  300 
ab 0.737 n-k0.704 d0.200  400 

0.760 0.727 0.280  Mean 
a0.818 e-a0.743 ab0.400  0 

150 

a0.811 i-d0.731 bc0.300  100 
ab 0.791 h-c0.734 cd0.250  200 
ab 0.765 l-g0.718 cd0.250  300 
b0.724 n-l0.701 d0.200  400 

0.782 0.725 0.280  Mean 
a0.801 a0.761 bc0.300  0 

0 

10 

ab 0.785 i-d0.733 bc0.300  100 
ab 0.771 l-e0.722 bc0.300  200 
ab 0.742 n-i0.711 cd0.250  300 
ab 0.734 n-l0.700 d0.200  400 

0.767 0.725 0.270  Mean 
a0.794 k-e0.727 b0.350  0 

50 

ab 0.786 k-e0.725 cd0.250  100 
ab 0.788 pq0.664 cd0.250  200 
a0.795 pq0.664 d0.200  300 
ab 0.755 r0.641 d0.200  400 

0.784 0.684 0.250  Mean 
ab 0.787 j-e0.728 b0.350  0 

100 

ab 0.776 l-e0.722 bc0.300  100 
ab 0.770 m-h0.715 cd0.250  200 
ab 0.766 no0.688 cd0.250  300 
ab 0.756 qr0.644 cd0.250  400 

0.771 0.699 0.280  Mean 
ab 0.785 a0.759 a0.450  0 

150 

ab 0.770 d-a0.753 bc0.300  100 
a0.802 i-d0.730 cd0.250  200 
ab 0.787 k-e0.726 d0.200  300 
ab 0.766 i-e0.729 d0.200  400 

0.782 0.739 0.280  Mean 

0.051 0.023 0.051    LSD 

 ë¾¤Êù ãÿ¾³ûwÊýāºþă¹  ãĒ¤·v ÷ºÝĈþÞù½v¹ zĊü ùĊòýwĊü  Ì·wÉ ¾ă ½¹ wăĈÅ½¾z¹½Āù ĈùºÉwz 
Values with the same letter within an index are not significantly different (pÒ0.05) 
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µ¾ý À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ývć 
À¬£ĉĂ ½vÿĉÄýw ùĊòýwĊü ā¹v¹ćwă  ówê¤ýv µ¾ý Ăz ÓĀz¾ù

À¤þÅĀ¤å ûÿ¾¤îõvć  ÿ x¾Å I¡wýĀúÅw« ¾§v Ăí ¹v¹ ûwÊý

ù½ÿĈ¢ÅĀ úí  ôzwê¤ù ¡v¾§v ÿûjwă ¾z µ¾ý ówê¤ýv ûÿ¾¤îõv 

ćÀ¤þÅĀ¤å ÿ½ Ăö³¾ù ½¹ĉÊĈ ĈþÞù½v¹ $pÒ0.05 ¢Åv #

$ óÿº«.v¿ Ăö³¾ù ½¹ )#ĉÊĈ ýĊÀ ĂzÀ« ù½ÿ ¾§vĈI¢ÅĀ úí §v ¾

wÅĉ¾ â£ ÜzwþùĊĊ¾ À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ý ¾zć ĈþÞù½v¹ 

$pÒ0.05$ ¹Āz # óÿº«/)# 

wz Å½¾zĈ ùĊòýwĊü ā¹v¹wăć À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ýć 

À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ý Ăí ºÉ Ì¸Êùć  ÿ¹ ¾ă ½¹

ÿ½ Ăö³¾ùĉÊĈ v¿ ÿĉÊĈ āÿ¾ñ ½¹ćwă  I¡wýĀúÅw« ówúÝv ¢´£

vÀåvĉÈ ĈþÞù½v¹ć  ¡wýĀúÅw« ówúÝv ûÿºz āÿ¾ñ Ăz ¢{Æý

$ ¹½v¹pÒ0.05ÿ½ ºÉ½ Ăö³¾ù ½¹ )#ĉÊĈ zĊÈĉ¾£ü wê¤ýv µ¾ýó 

À¤þÅĀ¤å ûÿ¾¤îõvć  ¢Úöá Ăz èöÞ¤ù,0+  ¹Āz ¡wýĀúÅw«

½¹Ĉõw³Ăí v¿ ºÉ½ Ăö³¾ù ½¹ĉÊĈ  ¡ÿwæ£ĈþÞù½v¹ć  µ¾ý ½¹

ÅĀ¤å ûÿ¾¤îõv ówê¤ývÀ¤þć zĊü  ¢Úöá ĂÅ0+ I,++  ÿ,0+ 

ùĊöĈ õ ¾z óĀùĊ¾¤ $ ºÊý āºăwÊù ¡wýĀúÅw« óÿº«0)# 

 vÀåv wzĉÈ  Ăö³¾ù ÿ¹ ¾ă ½¹ x¾Å ¢ÚöáĈÅ½¾z¹½ĀùI  µ¾ý

À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ývć Êăwí ºýÿ½Ĉ Ăz ¹v¹ ûwÊýÕć½ĀĂí 

øíĉ¾£ü ùĊûvÀ À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ýć ¢Úöá Ăz /++ 

 Ăí ¢å¾ñ èöÞ£ x¾ÅĂzĈþÞù ½ĀÕć½v¹ $pÒ0.05 ¿v ¾¤úí #

wÅĉ¾ ¢Úöáćwă $ ¹Āz x¾Å óÿº«0ù½ÿ ¹Āí ówúÝv )#Ĉ-

¢ÅĀ úí ½¹ Ăö³¾ù ĉÿ½ÊĈ vÀåvĉÈ ĈþÞù½v¹ć $pÒ0.05 ½¹ #

À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ýć vĉ¹w¬ õÿ I¹ĀúýĈ Ăö³¾ù ½¹ 

v¿ĉÊĈ §m£¾Ċ þÞùĈć½v¹ $ ¢Évºý óÿº«0)# 

½¹ Å½¾zĈ ù½ÿ*x¾Å*¡wýĀúÅw« ôzwê¤ù ¡v¾§vĈ¢ÅĀ úí 

À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ý ¾zć  Ăö³¾ù ÿ¹ ¾ă ½¹¾z¹½ĀùĈÅ½ 

vÀåv wz Ăí ºÉ Ì¸ÊùĉÈ  ¢´£ āÿ¾ñ ÿ¹ ¾ă ½¹ x¾Å ¢Úöá

£Ċ½wú ù½ÿ ¹Āí wzĈ¢ÅĀ úí  ówê¤ýv µ¾ý I¹Āí ówúÝv ûÿºz ÿ

¤îõvÀ¤þÅĀ¤å ûÿ¾ć Êăwí ºýÿ½Ĉ v Ăí ¢Év¹ĉü Ýv wz ºýÿ½ówú 

vÀåv ¡wýĀúÅw«ĉÊĈ ÿ½ Ăö³¾ù ½¹ )ºÉĉÊĈI v¾É ½¹ĉÔ  ûÿºz

ù½ÿ ¹Āí ówúÝvĈ¢ÅĀ úí zĊÈĉ¾£ü  ûÿ¾¤îõv ówê¤ýv µ¾ý

À¤þÅĀ¤åć £ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,0+ ùĊöĈ  ¾z óĀù

õĊ¾¤  ËwÎ¤·v x¾Å ¾æÍ ¢Úöá ÿ ¡wýĀúÅw«ĉ¢åw z Ăí w

āÿ¾ñćwă £ ¢´£Ċ½wú $ ¢Úöá wz0+ ùĊöĈ õ ¾z óĀùĊ¾¤ 

ĀúÅw«¡wý  ÿ.++ $ I#x¾Å0+  ÿ ¡wýĀúÅw«/++  ÿ #x¾Å

£ ¢´£ āÿ¾ñĊ½wú  ÿ ¡wýĀúÅw« ¾æÍ$ ¢Úöá wz/++  #x¾Å

 ¡ÿwæ£ĈþÞù½v¹ć $pÒ0.05$ ¢Év¹ # óÿº«0wÅ )#ĉ¾ āÿ¾ñwă 

¾Úý¿v µ¾ý ówê¤ýv ûÿ¾¤îõv ćÀ¤þÅĀ¤å  ¡ÿwæ£ĈþÞù½v¹ć 

$ ºþ¤Évºý óÿº«0ý ¹Āí ówúÝv ¢´£ āÿ¾ñ ½¹ )#ĊÀ zĊÈĉ¾£ü 

 ówê¤ýv µ¾ýûÿ¾¤îõv À¤þÅĀ¤åć £ ¢´£ āÿ¾ñ ĂzĊ½wú z ¢Úöá w

,0+  ËwÎ¤·v x¾Å ¾æÍ ÿ ¡wýĀúÅw«ĉ¢åw øí ÿĉ¾£ü ¾ý µ

À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ývć £ ¢´£ āÿ¾ñĊ½wú  ¢Úöá wz,++ 

 ¢Úöá ÿ ¡wýĀúÅw«/++  ËwÎ¤·v x¾Åĉ¢åw $ óÿº«0)# 

½¹ v¿ Ăö³¾ùĉÊĈI v¾É ½¹ĉÔ ù½ÿ ¹Āí ówúÝv ûÿºzĈ

I¢ÅĀ úí zĊÈĉ¾£ü À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ýć  āÿ¾ñ Ăz

£ ¢´£Ċ½wú  wz ¢Úöá,0+  x¾Å ¾æÍ ¢Úöá ÿ ¡wýĀúÅw«

 ËwÎ¤·vĉ¢åw ¢Úöá wz Ăíćwă -++ I.++  ÿ/++  x¾Å

 ¡ÿwæ£ĈþÞù½v¹ć $pÒ0.05$ ¹v¹ ûwÊý # óÿº«0 āÿ¾ñ ½¹ )#

 ¹Āí ówúÝv ¢´£ýĊÀ zĊÈ¾£ĉü ¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ýÀć 

£ ¢´£ āÿ¾ñ ĂzĊ½wú  ¢Úöá wz,0+ ùĊöĈ õ ¾z óĀùĊ¾¤ 

 ¢Úöá ÿ ¡wýĀúÅw«x¾Å ¾æÍ  ËwÎ¤·vĉ¢åw  ¡ÿwæ£ Ăí

ĈþÞù½v¹ć $pÒ0.05āÿ¾ñ Ăúă wz #ćwă Å½¾z¹½ĀùĈ  ¢Év¹

$ óÿº«0øí )#ĉ¾£ü À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ýv µ¾ýć ýĊÀ  Ăz

āÿ¾ñćwă £ ¢´£Ċ½wú  wz¢Úöá  ¢Úöá ÿ ¡wýĀúÅw« ¾æÍ/++ 

 ËwÎ¤·v x¾Åĉ¢åw $ óÿº«0)# 

 

¹¾îöúÝ ùĀ¤ývĀíĈ À¤þÅĀ¤å 
¹¾îöúÝ ùĀ¤ývĀíĈ ý À¤þÅĀ¤åĊÀ ÿ½ Ăö³¾ù ½¹ĉÊĈ v ¢´£ ¾§

õwýj )¢å¾ñ ½v¾é x¾Å ÿ ¡wýĀúÅw« ôzwê¤ù ¾§v ÿ x¾ÅĊÀ 

½vÿĉÄýw ā¹v¹wă ûwÊý Ăí ¹v¹ ¡wýĀúÅw« ÿ ¹Āí Ĉù½ÿ¢ÅĀ úí 

 ¾§vĈþÞù½v¹ć ùĀ¤ývĀí ¹¾îöúÝ ¾zĈ ÿ½ Ăö³¾ù ½¹ À¤þÅĀ¤åĉÊĈ 

$ ºþ¤Évºý óÿº«/ I#üĉvwzów³ ¤ù ¾§v ÿ x¾Å ¾§vôzwê 

$ x¾Å*¡wýĀúÅw«pÒ0.01 ¾§v ÿ #ĂÅĂýwñ  *x¾Å *¡wýĀúÅw«

ù½ÿ ¹ĀíĈ¢ÅĀ úí $pÒ0.01ùĀ¤ývĀí ¹¾îöúÝ ¾z #Ĉ À¤þÅĀ¤å 

 ºÉ½ Ăö³¾ù ½¹ÿ½ĈÊĉ þÞùĈ½v¹ $ ¹Āz óÿº«/ Ăö³¾ù ½¹ )#

v¿ ºÉ½ĉÊĈ À¬£ĉĂ ½vÿĉÄýw ā¹v¹wă ½¹ Ăúă ±ĀÖÅ ĊĊâ£¾ ĂzÀ« 

ù½ÿ ¾§vĈ¢ÅĀ úí â£¡v¾ĊĊ þÞùĈć½v¹ $pÒ0.05 ¹v¹ ûwÊý v½ #

$ óÿº«/)# 

wêùĉĂÆ ùĊòýwĊü ā¹v¹ćwă ùĀ¤ývĀí ¹¾îöúÝ Ăz ÓĀz¾ùĈ 

vÀåv wz Ăí ¹v¹ ûwÊý À¤þÅĀ¤åĉÈ  ¡wýĀúÅw«ĈþÞù ¾ĊĊâ£ć½v¹ 

ù ½¹ĊûvÀ ùĀ¤ývĀí ¹¾îöúÝĈ v À¤þÅĀ¤åĉ¹w¬  ¢Åv āºÊý

üĉvwzów³ vÀåv wzĉÈ  Èăwí Ix¾Å ¢ÚöáĈþÞù½v¹ć 

$pÒ0.05ù ½¹ #ĊûvÀ ùĀ¤ývĀí ¹¾îöúÝĈ  ºÉ āºăwÊù À¤þÅĀ¤å

$ óÿº«0ù½ÿ )#Ĉ¢ÅĀ úí ýĊÀ  ¾§vĈþÞù½v¹ć ù ¾zĊûvÀ 

ùĀ¤ývĀí ¹¾îöúÝĈ $ ¢Évºý À¤þÅĀ¤å óÿº«0)# 

½¹ Å½¾zĈ ù ¾z ¹Āí *x¾Å *¡wýĀúÅw« ôzwê¤ù ¾§vĊûvÀ 

ùĀ¤ývĀí ¹¾îöúÝĈ ÿ½ ºÉ½ Ăö³¾ù ½¹ À¤þÅĀ¤åĉÊĈ Ì¸Êù 



ûwĉ½w{ă½ 5ûv½wîúăÿ Å½¾zĈ ¤Úåw´ù ¾§vĈ ù½ÿÿ ¡wýĀúÅw«Ĉ ¹¾îöúÝ ¾z ¢ÅĀ úíÀ¤þÅĀ¤åć åÿ¾öí ÄýwÅ½ĀtĀöå ÿĊô ñĊāw É½¹wzĀ{ ) ) ) 044 

 

 

 ÿ ¡wýĀúÅw« ¾æÍ ²ÖÅ ½¹ Ăí ºÉ/++ øí x¾Åĉ¾£ü ùĊûvÀ 

ùĀ¤ývĀí ¹¾îöúÝĈ  ¡ÿwæ£ Ăí ¹½v¹ ¹Ā«ÿ À¤þÅĀ¤åĈþÞù¹½vć 

$pÒ0.05êz wz #ĊĂ āÿ¾ñwă ûwÊý ¹v¹ $ óÿº«0 )#ĉwÅ¾ āÿ¾ñwă 

v¿ vĉü  ¡ÿwæ£ ¾ÚýĈþÞù½v¹ć  wzĉºîĉ¾ò $ ºþ¤Évºý óÿº«0)# 

½¹ v¿ Ăö³¾ùĉÊĈ ýĊÀ øíĉ¾£ü ùĊûvÀ ùĀ¤ývĀí ¹¾îöúÝĈ 

 ÿ ¡wýĀúÅw« ¾æÍ āÿ¾ñ Ăz À¤þÅĀ¤å/++  ËwÎ¤·v x¾Å

ĉ¢åwù½ÿ ¹Āí ówúÝv wz )Ĉ¢ÅĀ úí £ ¢´£ āÿ¾ñĊ½wú ¢Úöá 

0+ ùĊöĈ õ ¾z óĀùĊ¾¤ ¡wýĀúÅw«  ÿ/++ øí x¾Åĉ¾£ü ùĊûvÀ 

ùĀ¤ývĀí ¹¾îöúÝĈ  wz Ăí ¹v¹ ËwÎ¤·v ¹Ā· Ăz v½ À¤þÅĀ¤åÅw¾ĉ 

āÿ¾ñwă  ¡ÿwæ£ĈþÞù½v¹ć $pÒ0.05$ ¢Év¹ # óÿº«0)# 

 

Ă¬Ċ¤ýć¾Ċñ ĈĉwĄý 

 ÷wý wz Ā{É½¹wzúöÝĈ Dracocephalum moldavica L.  ¿v

 ôùwÉ Ăí ā¹Āz ûwĊÝwþÞý,31  ĂýĀñ¢Åv  Ăí3  ½¹ ûj ĂýĀñ

Ĉù ûv¾ĉvºĉÿ½ )vüĉĂýĀñ ć½wÎ´ýv wz ÷wý üĉ½¿ āwĊñ ÿ ¬ý½¹wzĂĉĀ{ 

Ĉĉwý¹ Ă¤·wþÉ Ĉù¹ĀÉ $Fatahi et al., 2013 ¡wêĊê´£ )#

 āwĊñ üĉv Ăí ¢Åv ā¹v¹ ûwÊý ¾Ċ·v×w´õ¿v  ºþúÉ¿½v Ĉĉÿ½v¹

 ÿ ºĊÅv ìĉ½wù¿½ IºĊtĀýÿĒå IÄýwÅv ćÿw³ ÿ ā¹Āz

 ü~¾£ĀýĀù ćwăºĉ¿ĀîĊöñ¢Åv $Fatahi et al., 2013)# 

w¤ýĉª Å½¾zĈwă  y{Å x¾Å Èþ£ Ăí ¢Åv ā¹v¹ ûwÊý

ÿ½ ºÉ½ ÈăwíĉÊĈ v¿ ÿĉÊĈ ñ ½¹Ċûwăw ùĈ¹¹¾ñ $Mosavi 

et al., 2013¾Õ ¿v v½ À¤þÅĀ¤å Èăwí x¾Å )#ĉè ÅjĊy  Ăz

ûwù¿wÅĈă¹ ¢ĊõĀzw¤ù ½¹ ¾ĊĊâ£ I¢ÅĒ~ÿ¾öí ć½w¤·wÅv¾åăćw 

IćÀ¤þÅĀ¤å ĈþĉÀòĉw« ûĀĉĈĉwă ºþýwù øĉÀĊþù Àþòþùÿ ÿ ā¾Ċá 

wz x¾Å ½¹ ¢ÅĒ~ÿ¾öí ÿ ¢Þýwúù ¿v ü¤·wÅ wĉ ĂĉÀ¬£ òý½āÀĊ-

ćwă ćÀ¤þÅĀ¤å iwêõv Ĉùºþí $Sharma and Dubey, 

2005)# ¢ĊúÅ  èĉ¾Õ ¿v v½ ĀĊ£vºĊÆív Èþ£ üĊþ°úă x¾Å

 ºĊõĀ£ÈĊzº³¿v ĂýĀñćwă ówÞå ûÂĊÆív ôùwÉ ówîĉ¹v½ćwă 

Æív ¾~ĀÅºĊI ówîĉ¹v½ćwă ôĊÆíÿ½ºĊă ÿ ûÁÿ½ºĊă ĊÆív¾~º 

iwêõv Ĉùºþí $Hulak et al., 2021; Ruley et al., 2006)# 

½¹ Å½¾zĈ ý ¾Ñw³ĊÀ vÀåvĉÈ Êăwí ¾§v x¾Å ¢ÚöáĈ z ¾

ùĊûvÀ v½wí Iç¾Þ£Ĉĉ ÅĀ¤å ¹¾îöúÝ ÿ xj ã¾ÎùĊø¤Æ ȽȽ 

¢Év¹ Jv¾zwþzĉü ùĈûvĀ£ ¤ýĊĂ¬ z ¾§v wz x¾Å Èþ£ Ăí ¢å¾ñ ¾

¬ý¿Ċā¾ À¤þÅĀ¤å ûÿ¾¤îõv ówê¤ývć ¤îõv ówê¤ýv µ¾ý Èăwí ÿ ûÿ¾

þ°úă ÿĊü vÀåvĉÈ ÄýwÅ½Āöå åÿ¾öíĊIô v½wíĈĉ vĉü ý¿¬Ċā¾  v½

v ¿v ÿ ā¹v¹ Èăwíĉü ¾Õĉè À¤þÅĀ¤å ûwùºýv½ć ñĊāw  ¢´£ v½

§m£Ċ¾ å¾Õ ¿v )¢Åv ā¹v¹ ½v¾éĈ ù ÈăwíĊûvÀ ûĀĊÅĒĊúĊÅv 

ć¹üz¾í ºĊÆív ý x¾Å Èþ£ ¢´£ĊÀ z Ăí ºÉ āºăwÊùĊ¾òýw 

Āõwí Ă·¾¯ ¾z x¾Å ¾§vĉü øĉÀýj ¢ĊõwÞå ¿v ć¾ĊñĀö« ÿćwă 

Ă·¾¯ üĉĀõwí ¢Åv wÅ ½¹ĉ¾ ý ¡wÞõwÖùĊÀ ñÇ½vÀ  ¢Åv āºÉ

úÅ Ï¾Þù ½¹ Ăí ĈýwăwĊñ ½¹ ĂíĊ¢ Ă¤Év¹ ½v¾é x¾Å ûĀĉvºý 

½vºêù À¤þÅĀ¤å ĂzĈþÞù ½ĀÕć½v¹  ÈăwíĉĂ¤åw ¢öÝ Ăí ¢Åv 

ù ûjĈºývĀ£ õ¹ ĂzĊô  ¿v ¢Þýwúù IôĊåÿ¾öí À¤þÅ ¿v ć¾ĊñĀö«

þ°úă ÿ ûÿ¾¤îõv ówê¤ývĊü øĉÀýj ¢ĊõwÞå ¿v ć¾ĊñĀö«ćwă 

Ă·¾¯ üĉĀõwí zºÉw $Suresh Kumar et al., 2009)# 

x¾Å þù ºþýwù ć¾ÍwþÝ x¼« ¿vĊÀĉø  ć¾ĊñĀö« üăj ÿ

Ĉùºþí )üĉv ¾ÍwþÝ ½¹ ½w¤·wÅ ôĊåÿ¾öí ÿ Äîö úí í¹v¿jāºþþ 

ûÂĊÆív ÅĀ¤å ½¹ø¤ÆĊ II  üĉv x¼« ¿v ć¾ĊñĀö« )ºý½v¹ Èêý

Ĉù ¡½ĀÍ ¾ÍwþÝ üĉv wz x¾Å ¢zwé½ èĉ¾Õ ¿v ¾ÍwþÝ¹¾Ċñ)  ¿v

å¾ÕĈ x¾Å  ĂzLHCII  üĉv ½w¤·wÅ ÿ āºÉ ôÎ¤ùÄîö úí 

v v½¿ Ĉù ©½w· ĈÞĊ{Õ ¢õw³ºþí )ĂzüĉvyĊ£¾£ ûvÀĊù ÅĀ¤åÀ¤þ 

ÿ ćwăºþé ôÍw³ ¿v ¢ĊõwÞå ćÀ¤þÅĀ¤å ÀĊý Èăwí Ĉùºzwĉ 

$Ranjbar et al., 2012)# 

¡vÀöå òþÅĊü ĂzĂöĊÅÿ Àýj ½wĄùĉøćwă ùj wùwñĊĀþ 

ýĀõvĀõĊì ÅvĊº ă¹Ċ¿wýÁÿº åÿ¾öíĀ£ÿ¾~ ÿĊºö ¿w¤ív¹½ {Å ½wĄù y

zĊÀ¤þÅĀ åÿ¾öíĊô ùĈºýĀÉv )ĉü ùj wùwñ À¤þÅ ¡vÀöåĊĀþ 

ýĀõvĀõĊì ÅvĊº îÊ£ ÿĊô Àýj Äîö úíĉø åÿ¾öíĀ£ÿ¾~Ċô 

 wz ¿w¤íÿ¹½v¾¤ÆzĀÅ ù ½wĄù v½Ĉºþþí )Èþîúă¾z å ôzwê¤ùÀö 

òþÅĊü æõĀÅ āÿ¾ñ wzĊ½ºĉô Àýjĉøwă øĄùĉ¾£ü ýwîùÆĊø vĉü 

$ ¢Åv āºÉ ûvĀþÝ wă½wĄùKarimi et al., 2013 ÈăÿÂ~ ½¹ )#

ý ¾Ñw³ĊÀ ÅĀ¤å ¹¾îöúÝ x¾Å Ăí ºÉ Ì¸ÊùĊø¤Æ ȽȽ  v½

ù ûj yéwÞ¤ù Ăí ¢Åv ā¹v¹ ÈăwíĊûvÀ ûĀĊÅĒĊúĊÅv 

ć¹üz¾í ºĊÆív v½wí ÿĈĉ ý xj ã¾ÎùĊÀ ā¹v¹ ûwÊý Èăwívºý) 

½¹ £ ¾Ñw³ ÈăÿÂ~Ċ½wú ¾¸£ ¡v¾§v ¡wýĀúÅw«ĉ{Ĉ ÉwýĈ 

ù ÿ ā¹v¹ Èăwí v½ x¾Å Èþ£ ¿vĊûvÀ ûĀĊÅĒĊúĊÅv ć¹ĊÆívº 

v½wí Iüz¾íĈĉ vºă Ixj ã¾Îùĉ¢ Ăý¿ÿ½ćv  ówê¤ýv µ¾ý ÿ

vÀåv v½ ûÿ¾¤îõvĉÈ úă ½¹ )¹v¹Ċü Å½¾z ½¹ w¤Åv½Ĉ ºýĀõw·ć ÿ 

$ ûv½wîúăKhalvandi et al., 2019ý #ĊÀ  Ăí ºÉ Ì¸Êù

w«¡wýĀúÅ ¾¸£ ¡v¾§vĉ{Ĉ ÉwýĈ Ì·wÉ ¾z Èþ£ ¿vćwă 

À¤þÅĀ¤åć {é ¿vĊô ùĊûvÀ åÿ¾öíĊô  ÿwăºĊtĀþ£½wí í v½ Èăw

þ°úă ÿ ā¹v¹Ċü vÀåv y{ÅĉÈ ÅĀ¤å ¹¾îöúÝĊø¤Æ ȽȽ  ÿÜ{Öõwz 

vÀåv ûjĉÈ ñ À¤þÅĀ¤åĊāw v¾É ½¹ĉÔ ù Èþ£Ĉ¹¹¾ñ 

$Khalvandi et al., 2019 )#¤ù Ăí ¢Åv āºÉ Ç½vÀñĊô 

ù ¡wýĀúÅw«ĈºývĀ£ åÿ¾öí ¢Úöá Øæ³ y«ĀùĊô vÀåv ÿĉÈ 

åÿ¾öí À¤þÅĊô v ¿v ÿ ¹ĀÉ Èþívÿ Àí¾ùĉü ¾Õĉè Ąz y«Āù ¹Ā{

vÀåv ÿ ûÿ¾¤îõv ówê¤ýv ¢Ý¾ÅĉÈ v½wíĈĉ ÅĀ¤åĊø¤Æ ȽȽ ùĈ-

¹¹¾ñ $Khalvandi et al., 2019v ¾z āÿĒÝ )#ĉIü  ¡wýĀúÅw«

ùĈºývĀ£ ºÉ Èăwí ¿vĉº vºăĉ¢ Ăý¿ÿ½ćv v¾É ½¹ĉÔ  Èþ£



1++ Èþ£wă ºö« IĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć,2 ÀĊtw~ I,/+. 

 

ñĀö«Ċ¾ć ¹Āúýā ùĀ¤ývĀí ¹¾îöúÝ ÿĈ ý v½ À¤þÅĀ¤åĊÀ åvvÀĉÈ 

ùĈºă¹ $Thanh-Tam et al., 2020£ )#Ċ½wú  ½¹ ¡wýĀúÅw«

ñĊāw vÀåv y{ÅĉÈ ùĊûvÀ üĊþĊíĀ¤ĊÅ vÀåv ÿ ówÞåĉÈ ùĊûvÀ 

í¾£Ċ¡w{ öþåĈ vÀåv ûj ów{ý¹ Ăz Ăí Ă¤ÊñĉÈ vĀ¤´ùć åÿ¾öíĊô 

 ï¾zvÀåv ÿÈĉ ý Èþ£ Ăz ôú´£ĊÀ vĉ¹w¬ ùĈ¹¹¾ñ $Poonam 

et al., 2013; Rezaei et al., 2018)# 

½¹ Å½¾zĈ  ¹Āí ówúÝv ¾Ñw³Ĉù½ÿ¢ÅĀ úí ýĊÀ  y{Å

vÀåvĉÈ ĈþÞù½v¹ ûĀĊÅĒĊúĊÅv ć¹ºĊÆív v½wí ÿ üz¾íĉĈ 

¹¾ñ xj ã¾Îùĉºwă¹Āí )ć õjĈ ùĈºþývĀ£ ñ ¹¾îöúÝĊāw  ½¹

v¾ÉĉÔ Èþ£ćwă ´ùĊÖĈ ¿ )ºþÊ¸z ¹Ā{Ąz v½ĉ¹w õj ¹vĀù û¹ĀzĈ 

{¨£ ¦Ýwz ëw· ½¹Ċ¢ òþÅ ¡vÀöå ûºÉĊü Ăz¡½ĀÍ 

ôîÉć¾Ċñ ö úíÄî õjĈ Àöåć  ÿ ëw· ½¹¢ĉwĄý½¹ Èăwí 

¼~ ¢í¾³ĉ¾ć òþÅ ¡vÀöåĊü ù ëw· ¿vĈºýĀÉ Jv¾zwþzĉü  ówê¤ýv

òþÅ ¡vÀöåĊü vĀă ÷vºýv Ăz ëw· ¿vĈĉ ñĊāw ù Èăwí v½Ĉþă¹º 

$Mojdehi et al., 2022)# 

½¹ Å½¾zĈ ¯ĀözĈ  ûv½wîúă ÿ$Balouchi et al., 2016 #

Ăí ùv¹ ¹Āí ÛĀý ÿ¹ ¾§vĈ  ÿĈù½ÿ¢ÅĀ úí ù ÿ ºÉ½ ¾z v½ĊûvÀ 

 ¹¾îöúÝĈ¤Ċ¯wĊzĀõ v¾É ½¹ĉÔ òþÅ ¡vÀöå Èþ£Ċü ¾zÅ½Ĉ 

¹¾ñ Ì¸Êù ºý¹¾íĉº  ¿v ā¹wæ¤Åv ĂíĈù½ÿ¢ÅĀ úí §m£Ċ¾ 

þÞùĈć½v¹ Ì·wÉ ¹Ā{Ąz ¾zćwă ñ ºÉ½Ċāw v¾É ½¹ĉÔ  Èþ£

òþÅ ¡vÀöåĊü ¤Év¹Ă Éwý ¡v½wÆ· ¢Åv Ă¤ÆývĀ£ ÿ ¢ÅvĈ  ¿v

òþÅ ¡vÀöå Èþ£Ċü wúý ûv¾{« v½ĉº $Balouchi et al., 

2016v )#ĉü w¤ýĉª w¤ý wzĉª ývĀ¸úă ¾Ñw³ ÈăÿÂ~Ĉ  )¢Év¹

w¤ýĉª ÈăÿÂ~ćwă ö{éĈ ýĊÀ ù½ÿ ¹Āí Ăí ¹v¹ ûwÊýĈÅĀ úí¢ 

ÿ Ăz Ă«Ā£ wzĉñÂĈćwă ýºÞù ¾ÍwþÝ û¹Āz v½v¹ Ić½w¤·wÅĈ 

ûĀù½Āă ÿ ć¼âùăćw ñ ºÉ½ĊăwĈ ùĈºývĀ£ ¾Õ ¿vĉè §m£Ċ¾  ¾z

ÍĀÎ·Ċ¡w åĊÀĉÁĀõĀĉîĈI ñ ºÉ½Ċāw v¾É ½¹ v½ĉÔ đj ¹Ā«ÿĉāºþ 

´ùĊÖĈ {é ¿vĊô òþÅ ¡vÀöåĊü tĀÅ ¿v ºÊ¸z ¹Ā{ĄzĈI  ¡v¾§v

v xĀöÖùwýĉü ý v½ ¡vÀöåĊÀ wúý ¹ÿº´ù v½ĉº $Kabosi and 

Nodehi, 2018õj ¹vĀù û¹ÿÀåv )#Ĉ ¾Õ ¿v ëw· Ăzĉè  û¹ÿÀåv

wă¹Āíć õjĈ ùĈºývĀ£ Éÿ½Ĉ ¾§où ùĀúÆù Üå½ ¢Ą«Ċ¢  ¡vÀöå

òþÅĊü z ½wúÉ ĂzĊwĉºwă¹Āí )ć õjĈ vÀåv wzĉÈ z¾í ½vºêù ü

Å¾¤Å¹ ÿ ëw· ½¹ óĀö´ùĈ zĊ¾¤Ê ñĊāw  ôú´£ ûwîùv ûj Ăz

òþÅ ¡vÀöå Èþ£Ċü v¾z v½ć ñĊāw ûwÅj¾£ Ĉùĉwúýºþ $Darzi 

et al., 2015ù½ÿ ¹Āí ¿v ÷lĀ£ ā¹wæ¤Åv )#Ĉ ÿ ¢ÅĀ úí

Åw«¡wýĀú ýĊÀ  ¾§vĈþÞù½v¹ć Éwý ¡v½wÆ· Èăwí ¾zĈ þ£ ¿v È

ñ ½¹ x¾ÅĊāw ¢Év¼ñ Ā{É½¹wz $Parvaiz et al., 2017#) ÕĈ 

ê´£Ċè ć¾òĉ¹ ¹¾ñ Ì¸Êùĉº ñ ĂíĊýwăwĈ  Ăíøăûwù¿ £Ċ½wú 

ù½ÿ ¹Āí ÿ ¡wýĀúÅw«Ĉ¢ÅĀ úí ½¹ v½ĉ¢åw ù ºý¹Āz ā¹¾íĊÀûv 

ûĀĊÅĒĊúĊÅv ć¹üz¾í ºĊÆív  ÿ¹¾îöúÝ À¤þÅĀ¤åć z¾£đwć 

úă ½¹ )ºþ¤Év¹Ċü  ÈăÿÂ~ ½¹ w¤Åv½÷w¬ývāºÉ ¾ý ÔÅĀ£ĉýwúĈ 

ûv½wîúă ÿ $Narimani et al., 2017#ă ÷lĀ£ ¡v¾§v IĊùĀĊì 

ÅvĊº ÿ½ ¾z ¡wz½ĀîÅj ÿć ñĊāw ½ĀÉ Èþ£ ¢´£ Ā{É½¹wzć 

w¤ý è{Õ )¢Åv āºÉ ¡w{§vĉª vĉü  ¹¾z½wí ÈăÿÂ~øăûwù¿ ÅvĊº 

ăĊùĀĊì §m£ wz ¡wz½ĀîÅj ÿĊÅ ¾z ¢{¨ù ¾Ċø¤Æ Ýwå¹Ĉ 

Ĉ¤ýjývºĊÆívĈ ñĊāw í¾£ Èăwí ÿĊ¡w{ ÆívĊ£vºĊĀ £õĀāºÉºĊ 

ÕĈ þ°úă ÿ Èþ£Ċü vÀåvĉÈ åÿ¾öí ¢ÚöáĊô vÀåv ÿĉÈ 

ûĀĊÅĒĊúĊÅv ¹ćĊÆívº  Iüz¾íĂzĈzĀ· Éwý ¡v½wÆ·Ĉ  ¿v

Èþ£ ½ĀÉć $ ¢Åv ā¹v¹ Èăwí v½Narimani et al., 2017 )#

w¤ý Ăz Ă«Ā£ wzĉª ù½ÿ ÿ ¡wýĀúÅw« Èêý ¾Ñw³ ÈăÿÂ~Ĉ-

¢ÅĀ úí  ¡v¾§v Èăwí ½¹¾¸£Ĉ{ĉ ÉwýĈ  Èþ£ ¿vx¾Å z ¾

v¾åĉºþ ñ ºÉ½ ÿ À¤þÅĀ¤åĊāw  Ā{É½¹wzºĊtw£ ¹¾ñĉIº zv¾zwþĉü 

ù½ÿ ÿ ¡wýĀúÅw« ¿v ā¹wæ¤ÅvĈ¢ÅĀ úí v¾zć  ôévº³ Ăz

¾¸£ ¡v¾§v ûºýwÅ½ĉ{Ĉ ÉwýĈ v¾z x¾Å Èþ£ ¿vć ñĊāw z Ā{É½¹w

~Ċ¹wĄþÊ ùĈ¹¹¾ñ) 

 

 

Üzwþù 

Ahmed, S., Nawata, E., Hosokawa, M., Domae, 

Y., Sakuratani, T., 2002. Alterations in 

photosynthesis and some antioxidant 

enzymatic activity of mungbean subjected to 

waterlogging. Plant Science. 163, 117-123. 

https://doi.org/10.1016/S0168-

9452(02)00080-8 

Asadi, S., Moghaddam, M., Ghasemi Pirbalouti, 

A., Fotovat, A., 2019. Evaluation of 

physiological characteristics and antioxidant 

activity of sweet basil (Ocimum basilicum 

cv.Keshkeni luvelou) under different levels of 

methyl jasmonate and lead toxicity. Jurnal of 

Plant Environmental Physiology. 51, 1-16. [In 

Persian with English summary]. 

https://dorl.net/dor/20.1001.1.76712423.1397.

13.51.1.8 

Asadi, S., Moghaddam, M., Ghasemi Pirbalouti, 

A., Fotovat, A., 2021. The effect of methyl 

jasmonate spraying on some 

morphophysiological characteristics and lead 

absorption of basil (Ocimum basilicum L.) 

https://doi.org/10.1016/S0168-9452(02)00080-8
https://doi.org/10.1016/S0168-9452(02)00080-8
https://dorl.net/dor/20.1001.1.76712423.1397.13.51.1.8
https://dorl.net/dor/20.1001.1.76712423.1397.13.51.1.8


ûwĉ½w{ă½ 5ûv½wîúăÿ Å½¾zĈ ¤Úåw´ù ¾§vĈ ù½ÿÿ ¡wýĀúÅw«Ĉ ¹¾îöúÝ ¾z ¢ÅĀ úíÀ¤þÅĀ¤åć åÿ¾öí ÄýwÅ½ĀtĀöå ÿĊô ñĊāw É½¹wzĀ{ ) ) ) 1+, 

 

 

under lead stress. Environmental Stresses in 

Crop Sciences. 13, 1329-1344.  [In Persian 

with English summary]. 

https://doi.org/10.22077/escs.2019.2466.1648 

Asghari, G., Nasr Esfahani, B., Paydar P., 2015. 

Evaluating the effect of Dracocephalum 

kotschyi methanol extract on Mycobacterium 

tuberculosis. Research Journal of 

Pharmacognosy. 2, 31-36. 

Balouchi, H., Amini, F., Movahhedi Dehnavi, 

M., 2016. Effect of different growing organic 

substrates on growth and yield components of 

Pinto bean (Phaseolus vulgaris L.) under heavy 

metals stress. Agricultural Science and 

Sustainable Production. 26, 57-72. 

Chavoushi, M., Manoochehri Kalantari, Kh., 

Arvin, M.J., 2019. Effect of salinity stress and 

exogenously applied methyl jasmonate on 

growth and physiological traits of two 

Carthamus tinctorius varieties. International 

Journal of Horticultural Science and 

Technology. 6, 39-49. 

https://doi.org/10.22059/ijhst.2019.277800.28

3 

Darzi, M. T., Atarpoor, R., Haj Seyed Hadi, 

M.R., 2015. Effects of different manure and 

vermicompost rates on yield and essential oil 

contents of dragonhead (Dracocephalum 

moldavica L.). Iranian Journal of Filed Crop 

Science. 46, 711-721. [In Persian with English 

summary]. 

https://doi.org/10.22059/IJFCS.2015.56818 

Fatahi, M., Nazeri, V., Sefidkon, F., Zamani, Z., 

2013. Autecology of Dracocephalum kotschyi 

bioss. in Iran. Iranian Journal of Medicinal and 

Aromatic Plants. 29, 325-342. [In Persian with 

English summary]. 

https://doi.org/10.22092/ijmapr.2013.2859 

Hulak, K., Tamer, E., Rüveyde, T., Murat, T., 

2021. Effects of heavy metal (Pb) stress on 

some growth parameters and chemical changes 

in the soybean plant (Glycine max L.). Journal 

of Elementology. 6, 683-695. 

https://doi.org/10.5601/jelem.2021.26.3.2131 

Kabosi, K., Nodehi, A., 2018. Effect of solt stress 

on quantitative and qualitative traits of different 

canola cultivars under vermicompost 

conditions. Crop Production. 9, 133-155. [In 

Persian with English summary]. 

https://doi.org/10.22069/EJCP.2016.9989.178

3 

Karimi, N., Khanahmadi, M., Moradi, B., 2013. 

The effects of lead on some physiological 

parameters of Artichoke. Journal of Plant 

Production. 20, 49-61. [In Persian with English 

summary]. 

Khalvandi, M., Amerian, M.R., Pirdashti, H., 

baradaran, M., Gholami, A., 2019. Effects of 

methyl jasmonate on some photosynthetic 

parameters of peppermint (Mentha piperita) in 

saline conditions. Journal of Plant Process and 

Function.7, 233-249. [In Persian with English 

summary]. 

https://dorl.net/dor/20.1001.1.23222727.1397.

7.23.5.8 

Kim, H., Seomun, S., Yoon, Y., Jang, G., 2021. 

Jasmonic acid in plant abiotic stress tolerance 

and interaction with abscisic acid. Agronomy. 

11, 1-16. 

https://doi.org/10.3390/agronomy11091886 

Maxwell, K., Johnson, G.N., 2000. Chlorophyll 

fluorescence a practical guide. Journal of 

Experimental Botany. 51, 659-668. 

https://doi.org/10.1093/jexbot/51.345.659 

Molaei, S., Shirani, H., Hamidpour, M., 

Shekofteh, H., Besalatpour, A.A., 2016. Effect 

of vermicompost, pistachio kernel and shrimp 

shell on some growth parameters and 

availability of Cd, Pb and Zn in corn in a 

polluted soil. Journal of Water and Soil 

Science. 19, 113-124. [In Persian with English 

summary]. 

https://doi.org/10.18869/acadpub.jstnar.19.74.

10 

Mosavi, M., Baghi zadeh, A., Aghayari, F., 

Afzali groh, D., Mohamadi, N., 2013. The 

investigation of lead accumulation in different 

parts of garlic (Allium sativum L.) and the 

response of plant to lead oxidative stress. 

Iranian Journal of Agronomy and Plant 

Breeding. 8,111-118. [In Persian with English 

summary]. 

Mojdehi, F., Taghizadeh, M., Baghaie, A. M., 

Changizi, M., Khaghani, SH., 2022. Effect of 

lead and cadmium on germination stage and 

application of vermicompost in concomitant 

pollution control by ornamental sunflower 

(Helianthus annuus "Sungold"). Journal of 

Plant Process and Function. 7, 298-312. [In 

Persian with English summary]. 

https://dorl.net/dor/20.1001.1.23222727.1401.

11.47.22.1 

Narimani, R., Moghaddam, M., Ghasemi 

Pirbalouti, A., Nemati, S. H., 2017. Effect of 

humic acid and ascorbate on growth and 

biochemical traits of Moldavian balm 

https://doi.org/10.1016/j.fcr.2006.02.001
https://doi.org/10.22059/ijhst.2019.277800.283
https://doi.org/10.22059/ijhst.2019.277800.283
https://doi.org/10.22059/IJFCS.2015.56818
https://doi.org/10.22092/ijmapr.2013.2859
https://doi.org/10.5601/jelem.2021.26.3.2131
https://doi.org/10.22069/EJCP.2016.9989.1783
https://doi.org/10.22069/EJCP.2016.9989.1783
https://dorl.net/dor/20.1001.1.23222727.1397.7.23.5.8
https://dorl.net/dor/20.1001.1.23222727.1397.7.23.5.8
https://doi.org/10.3390/agronomy11091886
https://doi.org/10.1093/jexbot/51.345.659
https://doi.org/10.18869/acadpub.jstnar.19.74.10
https://doi.org/10.18869/acadpub.jstnar.19.74.10
https://dorl.net/dor/20.1001.1.23222727.1401.11.47.22.1
https://dorl.net/dor/20.1001.1.23222727.1401.11.47.22.1


1+- Èþ£wă ºö« IĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć,2 ÀĊtw~ I,/+. 

 

(Dracocephalum moldavica L.) under salinity 

stress. Journal of Plant Process and Function. 

11, 110-128. [In Persian with English 

summary]. 

https://dorl.net/dor/20.1001.1.23222727.1397.

7.23.23.6 

Parvaiz, A., Saiema, R., Alvina, G., Subzar, A. 

Sh., Nudrat, A. A., Kazi, M. A., Salih, G., 2017. 

Jasmonates: Multifunctional Roles in Stress 

Tolerance. Frontiers in Plant Science. 7, 15. 

https://doi.org/10.3389/fpls.2016.00813 

Pirzadah, T.B., Malik, B., Salam, Sh.T., Ahmad 

Dar, P., Rashid, S., 2019. Impact of heavy 

metal stress on plants and the role of various 

defense elements. Iranian Journal of Plant 

Physiology. 9(4), 2883-2900. 

https://doi.org/10.30495/ijpp.2019.668855 

Poonam, Sh., Kaur, H., Geetika, S., 2013. Effect 

of Jasmonic acid on photosynthetic pigments 

and stress markers in Cajanus cajan L. Millsp. 

seedlings under copper stress. American 

Journal of Plant Sciences. 4, 817-823. 

https://doi.org/10.4236/ajps.2013.44100 

Ranjbar, M., Lari Yazdi, H., Boroumand Jazi, 

Sh., 2012. The effect of Salicylic acid on 

photosynthetic pigments, contents of sugar and 

antioxidant enzymes under lead stress in 

Brassica napus L. Plant Biology. 9, 39-52. [In 

Persian with English summary]. 

https://dorl.net/dor/20.1001.1.20088264.1390.

3.9.5.5 

Rezaei, H., Saeidi-Sar, S., Ebadi, M., Abbaspour, 

H., 2018. The effect of spraying of methyl 

jasmonate and Epi-brassinolide on 

photosynthesis, chlorophyll fluorescence and 

leaf stomatal traits in black mustard (Brassica 

nigra L.) under salinity. Journal of Plant 

Process and Function. 7, 53-62. 

Ruley, A.T., Sharma, N. C., Sahi, S.V., Singh, 

S.R., Sajwan, K. S., 2006. Effects of lead and 

chelators on growth, photosynthetic activity 

and Pb uptake in Sesbania drummondii grown 

in soil. Environmental Pollution. 144, 11-18. 

https://doi.org/10.1016/j.envpol.2006.01.016 

Suresh Kumar, K., Han, Y.S., Choo, K.S., Kong, 

J.E., Han, T., 2009. Chlorophyll fluorescence 

based copper toxicity assessment of two algal 

species. Toxicology and Environmental Health 

Sciences. 1, 17-23. 

https://doi.org/10.1007/bf03216459 

Sharma, P., Dubey, R.S., 2005. Lead toxicity in 

plants. Brazilian Journal of Plant Physiology. 

17(1), 35ï52. https://doi.org/10.1590/S1677-

04202005000100004  

Thanh-Tam, H., Niranjana Murthy, H., Park, 

S.Y., 2020. Methyl jasmonate induced 

oxidative stress and accumulation of secondary 

metabolites in plant cell and organ cultures. 

International Jornal of Molecular Science. 21, 

716. https://doi.org/10.3390/ijms21030716 

Vatankhah, E., Kalantari, B., Andalibi, B., 2015. 

Effect of methyl jasmonate on some 

physiological and biochemical responses of 

peppermint (Mentha piperita L.) under salt 

stress. Journal of Plant Process and Function. 5, 

157-171. [In Persian with English summary]. 

https://dorl.net/dor/20.1001.1.23222727.1395.

5.17.18.5 

 

 

 

 

 

 

https://dorl.net/dor/20.1001.1.23222727.1397.7.23.23.6
https://dorl.net/dor/20.1001.1.23222727.1397.7.23.23.6
https://doi.org/10.3389/fpls.2016.00813
https://doi.org/10.30495/ijpp.2019.668855
https://doi.org/10.4236/ajps.2013.44100
https://dorl.net/dor/20.1001.1.20088264.1390.3.9.5.5
https://dorl.net/dor/20.1001.1.20088264.1390.3.9.5.5
https://doi.org/10.1016/j.envpol.2006.01.016
https://doi.org/10.1007/bf03216459
https://doi.org/10.1590/S1677-04202005000100004 
https://doi.org/10.1590/S1677-04202005000100004 
https://doi.org/10.3390/ijms21030716
https://dorl.net/dor/20.1001.1.23222727.1395.5.17.18.5
https://dorl.net/dor/20.1001.1.23222727.1395.5.17.18.5

