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Extended abstract 
Introduction 
Nickel (Ni) is an essential micronutrient required for optimal plant growth and development, but 

excessive Ni is toxic and threatens plant growth and productivity as well as human health. The removal 

of Ni from soil through phytoextraction is an ecofriendly technique for heavy metal remediation. But 

low bioavailability of metals in soil is often a limiting factor in phytoextraction. 

Ethylenediaminetetraacetic acid (EDTA) is recognized as a highly effective chelate that can increase soil 

mobility and uptake and translocation of heavy metals in plants. However, its long soil persistence time 

and its resistance to breakdown by soil microorganisms limits its efficiency for phytoremediation. The 

objective of this study was the evaluation of the effects of various concentrations of EDTA on the 

bioavailability of Ni in soil and the phytoremediation capacity of Ni in Calendula tripterocarpa plant. 

 

Materials and methods 

In this study, the effect of different concentrations of EDTA (0, 0.5, 1, 2 g kg-1 soil) was investigated on 

Calendula tripterocarpa exposed to various concentrations of nickel (0, 100, 150 mg/kg). The 

experiment was conducted in a completely randomized design with factorial arrangement with three 

replications in greenhouse. To stabilize Ni in soil, repeated cycles of saturation with distilled water was 

performed for 20 days. Then, EDTA was added to soil 15 days before cultivation. Seeds were sown in 

pots and plants grown in pots without EDTA and nickel was considered as control. After, 45 days, plants 

were harvested and fresh and dry weights of shoot and roots, the content of chlorophyll a, b (Chl a, Chl 

b), malondialdehyde (MDA) content, Ni concentration in shoot and roots, and available nickel of soil 

was measured and bioaccumulation factor (BAF), translocation factor and total Ni removal per pot were 

computed for All treatments. 

 

Results and discussion 

The results revealed that with increasing nickel concentration, the growth parameters and content of 

Chl a, Chl b significantly reduced but the content of MDA in roots increased in comparison to the control. 

In non-stress condition, applying concentration of 1 and 2 g kg-1 EDTA reduced the growth parameters 

and content of Chl a, Chl b while increased MDA content in roots. These results indicate the toxicity of 

higher dose of EDTA for Calendula tripterocarpa plants. Under 100 and 150 mg kg-1 Ni in soil, applying 

0.5 g kg-1 EDTA, increased nickel concentration in the aerial parts (65 and 60.35%) and roots (35 and 
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29.44%), translocation factor (22.5 and 25.20%) and total Ni removal per pot (27.66 and 23.44%). 

Interestingly, the application of 1 and 2 g kg-1 EDTA, decreased available nickel concentration in soil as 

well as nickel concentration in roots and shoots and translocation factor in plants. In addition, these 

concentrations of EDTA considerably decreased the biomass of plants and consequently reduced total 

Ni removal per pot. 

 

Conclusion 

It can be concluded that application of 0.5 g kg-1 EDTA enhanced phytoremediation capacity of 

Calendula tripterocarpa. In contrast, higher concentrations of EDTA decreased available nickel 

concentration in soil and due to decreasing biomass and Ni concentration in roots and shoots, reduced 

total Ni removal per pot and impaired phytoextraction efficiency of Calendula tripterocarpa. 

 

Keywords: Available nickel of soil, Bioaccumulation factor, Chlorophyll, Total Ni removal, 

Translocation factor 
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£v ¾§vĊüö ¹ćĊùjü ¤Åv v¾¤£Ċì ÅvĊº $EDTAå¾Ù ÿ ºÉ½ ¾z #Ċ¢ ñĊāwĈĉđw~ ýĊôî ½¹ ñĊwā úăĊĂÊ-

½wĄz $Calendula tripterocarpa Rupr.# 

 3یانیشهرام ک، 1یدریجواد ح، *1،2ییعموآقا حانهیر

, )å ÷wú£ ¹w¤ÅvĊÀĉÁĀõĀć ñĊăwĈI āºîÊăÿÂ~ ĀÒÝ zĊÁĀõĀþî£Āć ñ ÷ĀöÝ āÿ¾ñ ÿĊăwĈI ¹¾í¾ĄÉ āwòÊýv¹ I÷ĀöÝ āºîÊýv¹ 

- )Èýv¹Ă¤·Āùj ÅwþÉ½wíĈ å ºÉ½vĊÀĉÁĀõĀć ñĊăwĈI ñ ÷ĀöÝ āÿ¾ñĊăwĈI ¹¾í¾ĄÉ āwòÊýv¹ I÷ĀöÝ āºîÊýv¹ 

. ) ÷ĀöÝ āÿ¾ñÅºþĄù ÿĈ ¿½ÿwÊí āºîÊýv¹ Iëw·ćI ¹¾í¾ĄÉ āwòÊýv¹ 

 مشخصات مقاله  چکیده

برداشت فلز از خاک  شی( ممکن است به افزاEDTA) دیاس کیتترا است نیآمید لنیمانند ات هاییکاربرد کلات

 کلیخاک( و ن لوگرمیبر ک گرم 0 ،5/0 ،1 ،2) EDTAمطالعه، اثر سطوح مختلف  نای در. کندکمک  پالاییاهیگ وسیلهبه

 بررسی یبا طرح کاملاً تصادف لیفاکتور شیآزما کیدر  بهارشهیهم اهانیخاک( بر گ لوگرمیبر ک گرمیلیم 150، 100، 0)

 ی، پارامترها EDTA لوگرمیدر ک گرم 2و  1 یهاکاربرد غلظت کل،یبدون تنش ن طیداد که تحت شرا اننش جی. نتاشد

 EDTA تیسم نشانهداد که  شیرا افزا شهیر دآلدئیدیمالون یو محتوا کاهشرا   bو  a لیکلروف یرشد و محتوا

بر فاکتور  داریی، اثر معن EDTA لوگرمیدر ک گرم 5/0افزودن  کل،ین لوگرمیبر ک گرمیلیم 150و  100بود. در سطوح 

 شهیدرصد( و ر 35/50و  55) ییهوا خشدر ب کلیغلظت ن نداشت اما شهیو ر ییدر بخش هوا کلین یستیتجمع ز

و  55/22در هر گلدان ) کلیبرداشت کل ن زانیدرصد( و م 20/25و  5/22) کلیدرصد(، فاکتور انتقال ن 44/22و  35)

جذب  جهیخاک و در نت جذبقابل کلین ی، محتواEDTAبالاتر  هایغلظت دردر مقابل  داد. شیدرصد( را افزا 44/23

در  گرم 2 با کاربرد غلظت کل،ین لوگرمیبر ک گرمیلیم 150و  100در سطوح  کهطوری. بهافتیکاهش  اهیدر گ کلین

 هتوج با و نداشت هاگروه نیبا شاهد ا دارییتفاوت معن اهیگ شهیو ر ییدر بخش هوا کلی، غلظت ن EDTA لوگرمیک

 زانینصف شد، م تقریباً EDTAغلظت  نی( هم در ایی+ بخش هواشهیکل )وزن خشک ر تودهستیز کهنای به

؛ افتی کاهش هاگروه نیبرابر نسبت به شاهد ا 22/2و  53/2 بیبه ترت مارهایت نیدر ا هر گلداندر  کلیبرداشت کل ن

اما کاربرد  ددا شیافزا دارییمعن طوربهرا  اهیگ پالاییاهیگ تیظرف EDTA لوگرمیدر ک گرم 5/0غلظت  نیبنابرا

 نبود. دیمف بهارشهیهم اهیاز خاک توسط گ کلیبهبود توان حذف ن ی، برا EDTA لوگرمیدر ک گرم 2و  1 یهاغلظت

 های کلیدی:واژه 

  کلیبرداشت کل ن
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 مقدمه

ñºý¿Ĉ ¾ĄÉ û½ºùćI É ¹vĀù ÿ wă¹Āí ¹¾z½wíĊúĊwĈĉ  ½¹

¿½ÿwÊíć õwÞå ÿĊ¢ćwă ¤ÞþÍĈI ñ¹Āõj y«ĀùĈ ÔĊ´ùÆĉ¿¢ 

òþÅ ¡vÀöå ĂzĊü ñ¹Āõj )¢Åv āºÉĈ ëw·ćwă ¿½ÿwÊíć z Ă

òþÅ ¡vÀöåĊü ĂýwĄþ£ ñ ¹¾îöúÝ ÿ ºÉ½Ċûwăw ù Èăwí v½Ĉºă¹ 

¾Õ ¿v Ăîözĉè ¬ý¿Ċā¾ v¼áĈĉ  ÿ ûwÆýv ¢ùĒÅ³¡wĊÈ³ÿ ½ v

ýĊÀ ù ā¾Õw¸ù ĂzĈ¹¿vºýv $Mahar et al., 2016)# ëw·ćwă 

Ĉ·¾z ëw· ÛĀý ¿v ûv¾ĉv Ówêýćwă ¤þ~¾ÅĊþĈ ðþÅ ¿v ôÍw³-

ćwă åwùv¾¤õÿvĊì v½v¹ MđĀúÞù Ăí ¢Åvć đwz ±ĀÖÅĈĉ ý ¿vĊôî 

 ā¹ÿº´ù ½¹ MđĀúÞù$. ( ,*+ ù #ºÍ½¹ĈºþÉwz ù ÿĊûvÀ ¿ĉ¹w 

ýĊôî v ½¹ĉü ëw·wă ĉì  ôùwÝ¿¢ÆĉĈÖĊ´ù  ºÉ½ āºý½v¹¿wz

ñĊûwăw $ ¢ÅvMohammadpour et al., 2016)#  ¾z āÿĒÝ

ûwÆýv ¢õw·¹ èĉ¾Õ ¿v ôîĊý Iüĉv  Iwă¹Āí ¿v ā¹wæ¤Åv ºþýwù

xwÆ~¢åj ÿ wăÈíwăĂýw·½wí Ăõwz¿ I ºĊõĀ£ IćÁ½Āõw¤ù ćwă

¢·ĀÅ ûºýv¿ĀÅ ÿ ûwúĊÅºùw« ÿ Üĉwù ćwă  ëw· Ăz ć½wĊÆz

 èÕwþù ¿vĈLù ¹½vÿ¹ĀLÉ ôîĊý Üú¬£ ÈĉvÀåv ôĊõ¹ üĊúă Ăz )

· ½¹ ÿ ûv½Āýw« IûwăwĊñ Ĉ¤ùĒÅ ¾z ûj ¾Òù ¡v¾§v ÿ ëw
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ûwÆýv ¢Åv āºÉ ôĉº{£ ĈýwĄ« ôÒÞù ìĉ Ăz wă$Hassan et 

al., 2019)# 

 Ă¯¾ñv ½¹ ôîĊý Ĉ·¾z ¢ĊõwÞåćwă ĈîĊõĀzw¤ù  ¹½v¹ Èêý

 ûwăwĊñ ćv¾z øí ¾ĉ¹wêù ½¹ ÿ¿wĊý¹½Āù I¢Åv Ĉõÿ  ¹wĉ¿ ûvÀĊù

Iûj ¡v¾§v ¾Òù  ¾zćÁĀõĀĉÀĊå Ă¤Év¹ ûwăwĊñ Ï½vĀÝ ÿ ¢ĊúÅ 

IºÉ½ Èăwí ºþýwù Ĉñ¾z¹½¿ ÿ ¢åwzĈñ¹¾ù ½¹ āwĊñ ¹w¬ĉv ùĈ-

ºþí $Hassan et al., 2019; Valivand and 

Amooaghaie, 2021# )ĂzĈöí½ĀÕ Ĉýv¾´z ¢ĊúÅ ²ÖÅ I

 ûwăwĊñ ćv¾z ôîĊýĂýĀñ ½¹ IÃwÆ³ ćwăĂýĀñ ôú´£ wz ćwă

ÈĊz ûwăwĊñ ½¹ ÿ ÔÅĀ¤ù¿ÿºýv̸  IôîĊý£¾£ ĂzyĊ  ¿v ÈĊz,+ I

0+  ÿ,+++ ĈöĊùāºÉ Ç½vÀñ ìÊ· û¿ÿ ÷¾ñĀöĊí ½¹ ÷¾ñ 

$ ¢ÅvVischetti et al., 2022)# 

 Ăz Ă«Ā£ wz ¢ĊúÅüĊòþÅ ¡vÀöå āºý¿ ¡v¹Ā«Āù ćv¾zI 

Çÿ½ ûĀþíw£ ćv¾z Ĉæö¤¸ù ĈĉwĊúĊÉ ćwă ã¼³ûjwă  ëw· ¿v

āºÉ ā¹¾z ½wîz ¢Åv JāĀĊÉ üĉv ûĀ¯ wùv Ăz ÿ ā¹Āz ĂþĉÀă¾~ wă

Ĉù ¾¬þù ëw· ĂĉĀýw§ Ĉñ¹Āõj IºýĀÉówÅ ½¹ I¾Ċ·v ćwă<āwĊñ-

Ĉĉđw~; ĂzÇÿ½ ¿v Ĉîĉ ûvĀþÝ ćwăĂþĊĄz  ÿ wz ½wñ¿wÅ

ÔĊ´ù¢Æĉ¿ ¹½Āù Ă«Ā£  Ă¤å¾ñ ½v¾é)¢Åv āwĊñ ½¹Ĉĉđw~I 

ÈĊz ûwăwĊñ ¿ÿºývþÅ ¡vÀöåā¹Āõj Ĉ³vĀý ½¹ üĊò Ĉù ¢Êí-

ºýĀÉ  ĈĉvĀă È¸z ½¹ Ă¤Éw{ýv ¡vÀöå IûwăwĊñ üĉv ¢Év¹¾z wz ÿ

ûjwă ëw· ¿vĈù ã¼³ ć¿½ÿwÊí ćwă¹ĀÉ $Mahar et al., 

2016# ) Ăîþĉv ćv¾z ÷¿đ Ó¾Éìĉ ĂýĀñ ĈăwĊñ Ăzìĉ ûvĀþÝ 

ÈĊz ĂýĀñôîĊý ¿ÿºýv Ă¤å¾ñ ¾Úý ½¹  Ăí ¢Åv ûj ¹ĀÉù ûvÀĊ

ôîĊý ¢Éw{ýv  ½¹ĈĉvĀă È¸z ¾£v¾å  ¿v,+++  ôîĊý ÷¾ñÿ¾îĊù

$ ºÉwz āwĊñ ìÊ· û¿ÿ ÷¾ñ ½¹Vischetti et al., 2022# )

 üĊþ°úă ĈĉwÅwþÉ ćv¾zÈĊz ûwăwĊñ ¿v üĊòþÅ ¡vÀöå ¿ÿºýv

Ĉù ā¹wæ¤Åv ówê¤ýv ½Ā¤íwå ÿ Ĉ¤Æĉ¿ Üú¬£ ½Ā¤íwå ¢Ċúí ÿ¹-

¹ĀÉ) Æĉ¿ Üú¬£ ½Ā¤íwå ÿ ëw· ¿v Àöå x¼« ûvĀ£ ¾òýwĊz Ĉ¤

 ¢{Æý ã¾Þù ówê¤ýv ½Ā¤íwå ÿ ¢Åv āwĊñ ĂÊĉ½ Ăz ûj ¹ÿ½ÿ

 āwĊñ ĈĉvĀă È¸z Ăz ĂÊĉ½ ¿v Àöå ówê¤ýv¢Åv) Ăí ĈýwăwĊñ 

 Ĉ¤Æĉ¿ Üú¬£ ½Ā¤íwå ÿ ówê¤ýv ½Ā¤íwå ćv½v¹ ¿v ¾¤ÊĊz, ºþÉwz 

ĂzûvĀþÝ Ă¤·wþÉ üĊòþÅ ¡vÀöå ¾ò¤Éw{ýv ûwăwĊñ ĈùÉºýĀ 

$Ali et al., 2013#. Ăzów³¾ă ÈĊz ûwăwĊñ ¹vºÞ£ ¿ÿºýv

¢Æĉ¿ ÿ ºþí ºÉ½ ôĊõ¹ Ăz yöáv ÿ ā¹Āz ¹ÿº´ùā¹Ā£̹  Iøí¾Ċ§m£ 

 ½¹ ëw· ¡vÀöå Ĉñ¹Āõj Èăwí ½¹ ć¾ĊòúÊ¯āw£Āí¡ºù 

 )ºý½vºýv¼õ Ĉù ĈÞÅ ûwêê´ù Ĉ·¾z wz ºþþí ¿v ā¹wæ¤ÅvĊÉāĀ-

 Iäö¤¸ù ćwăûwăwĊñ ½¹ Àöå Üú¬£ ¢Ċå¾Ù Üĉ¾ÅĂí ćºÉ¾õv 

                                                                                                                                                          
1 Hyperaccumulator 

¢Æĉ¿ā¹Ā£ Ĉù ºĊõĀ£ ĈzĀ· Ăz ĈzĀ· Mw¤{Æý ôú´£ ÿ ºþþí

 v½ ºý½v¹ üĊòþÅ ¡vÀöåºþăºz ÈĉvÀåv  ¿v ûvĀ¤z w£ûjwă  ½¹

Ăùwý¾zāwĊñ ćwă¹¾z ¹ĀÅ Ĉĉđw~ $Bian et al., 2018)# 

ôĊõ¹ Ăz üĊòþÅ ¡vÀöå ćĀé ówÎ£v ëw· äö¤¸ù ćvÀ«v wz I

 ½¹ Ĉ¤³ëw· ā¹Āõj ćwă wĄþ£ć¹ÿº´ù ûvÀĊù  ¿v üĉv ½¹ ¡vÀöå

ºþ¤Æă āwĊñ Ã¾¤Å¹¾zwþz ) ¹¾z½wí Iüĉv ¡w{Ċí¾£ ¿v Ĉ·¾z

í¡Ē āºþþíĈÝĀþÎù ºþýwù IEDTA IDTPA  ÿEGTA 

 ¢ĉĀê£ ÿ ëw· ¡v½» ¿v üĊòþÅ ¡vÀöå ûºÉ ¹v¿j ÈĉvÀåv ćv¾z

 x¼«ûjwă ĂzĂöĊÅÿ ăwĊñûw ¹wĄþÊĊ~ āºÉ v¢Å $Shahid et 

al., 2014#)  ¿v Ĉîĉ¡Ēí āÿ¾ñ ¿v óÿvº¤ù ćwă ìĊöĊÆíĀz¾í

ºĊÅvwăI ć¹ üöĊ£v$ ºĊÅv ìĊ¤Åv v¾¤£ üĊùjEDTA #Ăí ¢Åv 

ćv½v¹ ÿ¹ ôùwÝ ¡ĒĊÆíĀz¾í āÿ¾ñ ½wĄ¯ ÿ üĊùj ÿ ā¹Āz  ½¹wé

ôĊîÊ£ Ăz ćĀé Äîö úí  wz ¡vÀöå¢Åv )Ăíw¬ýj¿v ĀĊ~ćwăºý 

äĊÞÑ ĈýºÞù ¹vĀù ½w¤·wÅ ½¹ ûÂĊÆív ÿ Àöå üĊz¾£ vĊ~ ¿ºýĀ 

 ÿ ¡vÀöå üĊzEDTA  ¹wĄþÊĊ~ I¢ÅvāºÉ Ăí ¢Åv ûĀĉ ćwă

ćÀöå ¢õĀĄÅ Ăz ëw· ¡v½» ¿v  ¹v¿j ÿ x¼«EDTA ĈùºýĀÉ J

Iüĉv¾zwþz EDTA  ë¾´£ ÈĉvÀåv ½¹ĈÅ¾¤Å¹ ÿ üĊòþÅ ¡vÀöå 

 ëw· ½¹¾Ċ§m£ ć¹wĉ¿ ¹½v¹ ÿ  ôĊõ¹ üĊúă Ăz ¹¾z½wí ā¹wù üĉv

Ăùwý¾z ½¹āwĊñ ćwă Ĉĉđw~Ă«Ā£¹½Āù ¢Åv Ă¤å¾ñ ½v¾é $Bian 

et al., 2018)# $ ûv½wîúă ÿ ćºĊ³Ā£ ów¨ù ćv¾zTohidi et 

al., 2019 ºý¹¾í Ç½vÀñ #¹¾z½wí ,  ÷¾ñEDTA  ÷¾ñĀöĊí ½¹

¾ĊòúÊ¯ º³ ½¹ v½ ¡½» āwĊñ ½¹ x¾Å Üú¬£ Iëw· ĈþÞù ÿ-

û¹ÿÀåv ¹v¹ ûwÊý øă ¾òĉ¹ ¡wêĊê´£ )¹v¹ ÈĉvÀåv ć½v¹ 

EDTA Ăz ëw· y«Āù I¢ĊõĒ³  ¡vÀöå ¾¤ÊĊz Ĉĉwă½ ÿ

üĊòþÅ  ëw· óĀö´ù ½¹ āºÉ Üú¬£ ÿćºþă ó¹¾· ½¹ ôîĊý 

$2019 Kaur et al.,ćvĀ¤´ù I# x¾Å  ĈæöÝ āwĊñ ĈÝĀý ½¹

$Hart et al., 2022#  ÿûvÀĊù ÷ĀĊù¹wí x¾Å ÿ ćÿ½ IÄù I

½¹ $ Ā{ùwzÿÀù2018 Zhang et al.,  )¹v¹ ÈĉvÀåv v½ # 

 ¾§v ûvÀĊùEDTA  ÿ ëw· ½¹ ¡vÀöå ¢ĊõĒ³ ÿ ë¾´£ ¾z

 Üú¬£ûjwă  ¢Úöá IÀöå ÛĀý ºþýwù Ĉæö¤¸ù ôùvĀÝ Ăz IāwĊñ ½¹

ĂýĀñ IÀöåĉÁĀõĀĊz Ôĉv¾É Iëw· ¢åwz IĈăwĊñ ćwă ÿ ì

ā¹wæ¤Åv āĀĊÉ ÿ ¢Úöá ÿ ëw· Ĉzÿ¾îĊù  ¿vEDTA  Ĉò¤Æz

 ¹½v¹$2014 Shahid et al.,)# ów¨ù ćv¾z  ã¾Év ÿ ìĉ¾£

$Tariq and Ashraf, 2016#  ¾§v ĈÅ½¾z wzEDTA  ûvĀ£ ¾z

āwĊñ ºý¹¾í Ç½vÀñ āwĊñ üĉºþ¯ ½¹ üĊòþÅ ¡vÀöå Ĉĉđw~

 ¹¾z½wíEDTA Mw{ĉ¾ê£  Üú¬£ ćÿ½ ć¾§v ®ĊăĈ¤Æĉ¿ ôîĊý  ½¹

òý¾å¹Ā¸ýĈ z wZùv ¢ÉvºýĂçĀå ½ĀÕ ā¹wÞõvĈ¤Æĉ¿ Üú¬£ í÷ÿ¾ 

2 Biomass 



ĈĉwéjĀúÝ ÿ 5ûv½wîúă £v ¾§vĊüö ¹ćĊùjü ¤Åv v¾¤£Ċì ÅvĊº å¾Ù ÿ ºÉ½ ¾zĊ¢ ñĊāwĈĉđw~ ýĊôî ñ ½¹Ċāw úăĊĂÊ½wĄz .+2 

 

 

āwĊñ üĉv ½¹ v½ ¹v¹ ÈĉvÀåv)  Ăí ºþ¤åwĉ½¹ üĊþ°úă ûwêê´ù üĉv

í ¹¾z½wEDTA Ĉ¤Æĉ¿ Üú¬£ ½Ā¤íwå  ¾ÍwþÝ ćv¾zCd ICo I

Ni  ÿCr  āwĊñ ½¹ v½Brassica campestris L.  Üú¬£ ÿ

Ĉ¤Æĉ¿  ¹½Āù ¡vÀöå Ăúăj ½¹ v½ Èĉwù¿ āwĊñ¹v¹ ÈĉvÀåv ¡½» 

 wùv Èăwí y«Āù ûv¹¾òzw¤åj ½¹Ĉ¤Æĉ¿ Üú¬£ ½Ā¤íwå Pb INi 

 ÿCr )ºÉ  ¢ÚöáEDTA ā¹wæ¤ÅvāºÉ  ûvÀĊù ¾z ÀĊýÜú¬£ 

¡vÀöå  āwĊñ ½¹¾Ċ§m£  ćđwz ±ĀÖÅ )¹½v¹EDTA  ¢Åv üîúù

 x¼« ¦ÝwzzÈĊº³¿v  ÿ āwĊñ ÔÅĀ£ üĊòþÅ ¡vÀöåj ¹w¬ĉv ½w§

 ¢ĊúÅāwĊñ ½¹ Àöå ĀÉýº $Bian et al., 2018)#  ów¨ù ćv¾z

ĂÞõwÖù ìĉ  Ăí ¹v¹ ûwÊý ¹¾z½wíEDTA  IôîĊý Üú¬£ ÿ x¼«

IĀ« I¡½» I÷ºþñ ĈÝv½¿ ûwăwĊñ ½¹ ÷ĀĊù¹wí ÿ x¾Å Ă{þ~ IĒéwz 

 Ĉõÿ ¹v¹ ÈĉvÀåv v½ ûv¹¾òzw¤åj ÿ ûĀ¯EDTA Ăz¡ºÉ  ¾§v

 ¾z ĈæþùÉ½ĈĉvĀă È¸z º ÿ ĂÊĉ½  I¢Év¹wĄý½¹¢ĉ ûvÀĊù í ô

¢Év¹¾z Àöå  v½ ûwăwĊñ üĉv ÔÅĀ£¹v¹ Èăwí $Eissa et al., 

2014#) $ ć½Āă¹w¯ ÿ ĈöÝAli and Chaudhury, 2016# 

 Ăí ºý¹¾í Ç½vÀñ øă ¹¾z½wíEDTA ë¾´£  Ićÿ½ I÷ĀĊù¹wí

x¾Å ÿ Äù  Üú¬£ ÿ ëw· ½¹ v½üĊòþÅ ¡vÀöå üĉv āwĊñ ½¹ 

ôñć¾æÞ«̸ ¹v¹ ÈĉvÀåv üĉ¾¤ÊĊz ÿ  ¾ĉ¹wêù ówê¤ýv ½Ā¤íwåÿ 

½Ā¤íwå  Üú¬£üĊòþÅ ¡vÀöå üĉv Ĉ¤Æĉ¿ āwĊñ ½¹ Āí¼ù½  wz

ã¾Îù ,0 ĈöĊù óĀùEDTA  ëw· ÷¾ñĀöĊí ½¹ ºÉ ôÍw³

 ²ÖÅ üĉv ½¹ wùvEDTA¢Æĉ¿ I ûvÀĊù Ă¬Ċ¤ý ½¹ ÿ ā¹Ā£

 Àöå ôí ¢Év¹¾zĂz½ĀÕ ¾zwþz )¢åwĉ Èăwí ć¾ĊòúÊ¯ĉv Iü

ûwêê´ù ¢Úöá ¿v ā¹wæ¤Åv ½Āí¼ù 0 ĈöĊù óĀùEDTA  ½¹

ëw· ÷¾ñĀöĊí  v½āwĊñ ¹Ā{Ąz ćv¾z)ºý¹¾í ĂĊÍĀ£ Ĉĉđw~ ̄ ûĀ

 ¢Úöá üĉv ½¹ wzØæ³ ¢Æĉ¿Iā¹Ā£ ć¾¤ÊĊz Àöå ¢Év¹¾z v ¿

ëw· Ĉù ÷w¬ývºÉ)  ćđwz ±ĀÖÅ I¾òĉ¹ ćĀÅ ¿vEDTA Ĉù-

 ¾ĊĊâ£ ¦Ýwz ºývĀ£ĈñÂĉÿ ÿ ĈîĉÀĊå ËvĀ·· ĈĉwĊúĊÉ ćwă Iëw

 ¡vÀöå ĈĉĀÊzj ûvÀĊù ÈĉvÀåv ÿ Ĉz¾îĊù ¢ĊÞú« Ăz yĊÅj

xj Ĉñ¹Āõj ÿ ëw· ĈþĊù¿¾ĉ¿ ćwă$ ¹ĀÉBian et al., 2018; 

Bareen et al., 2019; Krujatz et al., 2012)# 

āwĊñ ĂÊĊúă ½wĄz ìĉ Ăí ¢Åv Ĉ¤þĉ¿ āwĊñĂýĀñ ćwă

 ÿ ā¹Āz ºÉ½ ºþ£ ûj äö¤¸ù ćv½v¹¢Æĉ¿ā¹Ā£  Mw¤{ÆýĀöÖù Ĉz

ûvĀ£ ÿ ºþ¤Æă  ôú´£ ½¹ ĈzĀ·üĊòþÅ ¡vÀöå ½v¹ý)º ù ćv¾zów¨ 

æÍwć½ ÿ æÍw$ ć½Saffari and Saffari, 2020# z ½¹ ĈÅ½¾

āwĊñ ¢Ċå¾Ù ½¹ ÷ĀĊù¹wí Ĉĉđw~ĂÊĊúă ĂýĀñ$ ½wĄz

Calendula officinalis L. #å Ăí ºþ¤åwĉ½¹ ÿ Üú¬£ ½Ā¤íw

 ¿v ¾£đwz ā½vĀúă āwĊñ üĉv ½¹ ÷ĀĊù¹wí ówê¤ýv, ¹Āzā  ûwÊý Ăí

                                                                                                                                                          
1 Tagetes Spp. 

¢Åv ÷ĀĊù¹wí ¾ò¤Éw{ýv ìĉ āwĊñ üĉv ¹v¹ ¡wÝĒÕv ÃwÅv ¾z )

ĂýĀñ Ăí ºÉ Ï¾å IçĀå ¾òĉ¹ ćwăĂÊĊúă½wĄz āwĊñ ćv¾z ÀĊý-

 ÿ ºþÉwz ºĊæù Ĉĉđw~ ¹¾z½wíEDTA  ć¾ò¤Éw{ýv ûvĀ£ ºývĀ¤z

 ¢´£ v½ āwĊñ üĉv ½¹ üĊòþÅ ¡vÀöå¾Ċ§m£  v¼õ )ºă¹ ½v¾é¹ ½

 ¾Ñw³ ÈăÿÂ~¾Ċ§m£ EDTA  ¾z ºÉ½āwĊñ ¢Ċå¾Ù ÿ Ĉĉđw~

 ôîĊý½¹ ĂýĀñ Calendula tripterocarpa Rupr. 

ĈÅ½¾z¹½Āù ¢å¾ñ ½v¾é) 

 

 هامواد و روش

zv¾ć Å½¾zĈ  ¾§vEDTA å¾Ù ÿ ºÉ½ ¾zĊ¢ ñĊāwĈĉđw~ ýĊîô 

ĉì úă ĂýĀñĊĂÊI½wĄz wù¿j ìĉĉÈ ývºöñĈ  ówÅ ½¹,.40  ½¹

ê´£ Ăýw¸öñĊ£wêĈ  ½ĀÚþù üĉv ćv¾z )ºÉ ÷w¬ýv ¹¾í¾ĄÉ āwòÊýv¹

 ¿v ëw· vº¤zvĉì á ÿ ¾îz ĂêÖþùĊā¹Āõj¾  ½¹ ûw«¹ĀÅ ¿v Àöå Ăz

 ûw¤Åvów´ù½wĄ¯ ¤¸z ÿĊ½wć Ą£ĊĂ ·¾z ÿĈ ÿĉñÂĈćwă  ûj

Þ£ĊĊü ºĊă Çÿ½ Ăz ëw· ¢åwz )ºÉ$ ¾¤ùÿ½Gee and 

Bauder, 1986wÆív Çÿ½ Ăz Ĉõj üz¾í ºÍ½¹ I#ĉÈ  ¾£

$Nelson and Sommers, 1996I# ýĊûÁÿ¾¤  Çÿ½ Ăz ôí

 óvºöí(Mulvaney, 1996) IpH  Ĉîĉ¾¤îõv ¢ĉvºă ¢Ċözwé ÿ

 āwò¤Å¹ ¿v ā¹wæ¤Åv wz Ûw{Év ôñ ā½wÎÝ ½¹pH $ ¾¤ùThomas, 

1996vºă ÿ #ĉ¢ªþÅ ¾¤îõvĉîĈ $Rhodes, 1996ā¿vºýv #-

Ċñ¾ć  ¾æÆå )ºÉôzwéx¼« ā½wÎÝ wz ëw·Ċñ¾ Ĉz¡wþz¾í 

øĉºÅ 0*+ ½đĀù $Olsen and Sommers, 1982 øĊÅw¤~ I#

ôzwéx¼« ā½wÎÝ wzĊñ¾  ÷ĀĊýĀùj ¡w¤Åvĉì $ ½đĀùKnudsen 

et al., 1982ý ÿ ćÿ½ IÄù Iüăj ÿ #Ċôî ôzwéx¼« ā½wÎÝ wz-

Ċñ ¾DTPA-TEA $Lindsay and Norvell, 1978# 

ā¿vºýv ÿ ©v¾¸¤ÅvĊñ¾ć )ºýºÉ 

w¤ýĉª v ¹v¹ ûwÊýĉü v½v¹ ëw·ć ÷Āõ ¢åwzĈÅ½  ÿ

É ¡wÎ¸ÊùĊúĊwĈĉ  ±¾É Ăz ûj óÿº«, ¹Āz) 

ûvºöñwă üÉ ÿ ½Āí¼ù ëw· wz  ¢{Æý Ăz/  Ăz,  )ºÉ ¾~

ý ìúý óĀö´ù û¹ÿÀåv wz Ä ÅĊ¡v¾¤ ýĊôî $, 6 2)3Ni(NO

O, Merck2Hwă½vºêù I#ć ý äö¤¸ùĊôî $¾æÍ I,++ I,0+ 

ùĊöĈ÷¾ñ í ¾ă ½¹Ċ÷¾ñĀö ûvºöñ ëw· Ăz #ëw·wă ĂåwÑv Éº 

ûvºöñ ÿwă Ăz ¡ºùûwù¿ -+ ¿ÿ½ ½¹ Ăýw¸öñ ¢´£ ā½ÿ¹ćwă 

ÿwþ¤ùx îÊ·Ĉ ½vºĄòý ¢zĀÕ½ ÿć ý w£ ºýºÉĊôî  ëw· ½¹

{¨£Ċ¢ ûvºöñ ëw· Ăz ć½wùj ±¾Õ è{Õ Ä Å )¹ĀÉIwă wêù¹¾ĉ 

¾æÍ I0*+ I, I-  ÿ/ ÷¾ñ í ¾ă ½¹Ċ÷¾ñĀö £v ìúý ëw·Ċüö 

ć¹Ċùjü ¤Åv v¾¤£Ċì ÅvĊº ¹ćĉºÅø $, 2Na-EDTA



.+3 Èþ£wăĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć ºö« I,2 I£ ûw¤Æzw,/+. 

 

Sigma-Aldrich{¨£ ÿ ºÉ ā¹ÿÀåv #Ċ¢  ¡ĒíEDTA  ½¹

ý ëw·ĊÀ  Ăz¡ºùûwù¿ ,0  ¢Åv ¾í» Ăz ÷¿đ )ºÉ ÷w¬ýv ¿ÿ½

 ¹¾z½wí wz ûĀ¯ Ăí/  ÷¾ñEDTA í ½¹Ċ÷¾ñĀö ñ ëw·Ċûwăw 

õÿv ô³v¾ù ûwúă ½¹ĊĂ z ¿vĊü wăÀĊõwýj ½¹ ¢Úöá üĉv Iºþ¤å½ć 

½wùjć v¾zć ñ ¡wæÍĊăwĈ )ºÉ ã¼³ zj wùvĊ½wć ûvºöñćwă 

ñ ûÿºzĊāw ýĊÀ wÅ ĂzwÊùĉ¾ ûvºöñwă ćv¾z Å½¾zĈ  ¡v¾§v

EDTA  ëw· ½¹ûÿºz ñĊāw w~ w£ĉûw wù¿jĉÈ  Ăùv¹vĉ¢åw) 

 

 در این آزمایش قبل از اعمال تیمارها استفاده موردمشخصات خاک  .1جدول 
Table 1. Characteristics of applied soil in this experiment before applying treatments. 

Ni .ava B .ava Cu .ava Fe .ava Zn ava. K ava.P  Total N O.C pH E.C 

------------------------------mg.kg-1------------------------------------- ------%------  ds.m-2 

0.99 2.91 1.77 9.65 0.96 >1000 66.1 0.124 0.956 7.81 0.586 

 

 wă½¼zć ĂýĀñ Calendula tripterocarpa Rupr.   ¿v

Ą£ ûwĄæÍv ½¼z ûwíw~ ¢í¾ÉĊĂ ă wz ÿ ºÉĊ¾öíĀ ĉ¢ Åºĉø 0" 

ýĀæÝºÑĈ  ¾Öêù xj wz Ä Å ÿ āºÉ-  ô·v¹ ½¹ ÿ Ă¤ÆÉ ½wz

ûvºöñwă Ă¤Éwí ºýºÉ )Ċzj½wć º³ ½¹ ÿ ā¿ÿ½ ÿ¹ ôÍvĀå wzć 

½vºêù Ăíć xj ûvºöñ Èîă¿ ¿vwă ©½w· ĈùIºÉ  )ºÉ ÷w¬ýv

ñĊûwăw ù wz Ăýw¸öñ ½¹ĊòýwĊü wù¹ć -0 ¤ýwÅ Ă«½¹ĈI¹v¾ñ 

½Āý ā½ÿ¹ć ,/*,+  ¢zĀÕ½ ÿ{ÆýĈ 0+(1+ ºÉ½ ºÍ½¹  )ºý¹¾í

w~ ½¹ĉûw ñĊûwăw /0 ½ ¾£ û¿ÿ ÿ ¢Év¹¾z ā¿ÿ½ĉĂÊ  È¸z ÿ

vĀăĈĉ ñĊûwăw Ăz½ĀÕ Ăýwñvº« ĊĊÞ£ü ĂýĀúý Ä Å )ºÉwă 

ìÊ· ºýºÉ ÿ ćvĀ¤´ù ýĊôî ½ĉĂÊ vĀă È¸z ÿĈĉ ñ ½¹Ċwā 

Öùèzw Çÿ½ćwă ¿ĉ¾ ā¿vºývĊñ¾ć )ºÉ 

ćv¾z ā¿vºývñĊć¾ ¹wêùĉ¾ ýĊôîI ½ĉĂÊ vĀă È¸z ÿĈĉ 

ñĊûwăw Æê£ ì¯Āí ¡wÞÖé ĂzĊø  xj wz Ă{£¾ù ÿ¹ ÿ āºÉ

¹ĉýĀĊāÀ ĂýĀúý Ä Å IºýºÉ Ă¤ÆÉùĀõj ¼áwí ½¹ wăĊþĊùĀĈ 

~Ċ°Ċāº  ¡ºù Ăz ÿ ºÉ-/ ºÉ ìÊ· ûÿj ½¹ ¢ÝwÅºý ¾ă ¿v )

 ĂýĀúý-*, Åv wz ÷¾ñĊº ýĊ¾¤ĉì 10  ÿ ºÉ ÓĀö¸ù ºÍ½¹

 w£ ºÉ ā¹v¹ ¡½v¾³ýwù¿Ĉ Ăí wù ćvĀ¤´ùĉIÜ  Ä Å )ºÉ ½w¸z

úî£ ćv¾zĊô Æív¾~ øÒăĊº ăĊûÁÿ½º .+  xĀÅ½ Ăz ºÍ½¹

éwzĊāºýwú üõ½v ½¹ wă¹¾ñ ĂåwÑvĉº  ÿMv¹º¬ù wù ûºÉ ½w¸z w£ĉÜ 

¹ xj wz Ä Å )ºÉ ā¹v¹ ¡½v¾³ĉýĀĊāÀ  ÿ ÓĀö¸ùĂz  ø¬³

āºýwÅ½ ý ¾ÎþÝ ½vºêù ÿ ºÉĊôî ½ ½¹ĉĂÊ vĀă È¸z ÿĈĉ ñĊāw 

ú£v x¼« āwò¤Å¹ wzĈ Perkin-Elmer  óºùAAA400 

$¾ùj ¢·wÅwîĉ #õwýjĊÀ ¹¾ñĉº $Sekabira et al., 2010# )

¿ Üú¬£ ½Ā¤íwå Ä Åĉ¤ÆĈ $BAF #ĈĉvĀă È¸z ½ ÿĉIĂÊ 

$ ówê¤ýv ½Ā¤íwåTF# ù ÿĊûvÀ ý ôí ¢Év¹¾zĊôî ĂÖzv½ è{Õăćw 

¿ĉ¾ ºÉ Ă{Åw´ù $Heidari et al., 2020#) 

½Ā¤íwå ¿ Üú¬£ĉ¤ÆĈ ½ĉĂÊ ĉw ¢Úöá 6ā½wÆ·wÉ ýĊôî ½ĉĂÊ ĉw 
ā½wÆ·wÉ õ ý ¢ÚöáĊôî ëw·                               ],[ 

½Ā¤íwå ý ¢Úöá 6ówê¤ývĊôî  ā½wÆ·wÉ ½¹õ ý ¢ÚöáĊîô  ½¹
½ĉĂÊ                                                              ]-[ 

ùĊûvÀ ¢Úöá 6 ûvºöñ ¾ă ½¹ Àöå ¢Év¹¾z ôí ñ ½¹ ÀöåĊāw = 
 ôí¢Æĉ¿ā¹Ā£   ûvºöñ ¾ă ½¹ ôÍw³                       ].[ 

÷¿đ ý ¢Úöá ûĀ¯ Ăí ¢Åv ¾í» ĂzĊôî ½ ½¹ĉĂÊ È¸z ÿ 

vĀăĈĉ  óĀù¾å I¹Āz ¡ÿwæ¤ù. v¾zć vĉü  Ăýwñvº« È¸z ÿ¹

w¤ý ºÞz ÿ Ă{Åw´ùĉª v¾zć ù ¹½ÿj¾zĊûvÀ  øă wz ¢Év¹¾z ôí

)¢Åv āºÉ Üú« 

½¹ ĂýĀúýćwă åÿ¾öí Iā¿w£ ï¾zĊô  ûĀ¤Åv ìúí Ăz3+" 

 ½¹ ôÍw³ ā½wÎÝ x¼« ÿ ©v¾¸¤ÅvóĀÕ©Āùćwă 1/0 ÿ 11. 

¾¤ùĀýwý ÈývĀ· ºÉ )ĊùûvÀ åÿ¾öíĊô a  ÿb  ¿v ā¹wæ¤Åv wz ï¾z

ĂÖzv½ćwă /  ÿ0 Þ£ĊĊü ºÉ $Lichtenthaler, 1987#) 
Chlorophyll a = 
([(12.7 ×D663)-(2.69 ×D654)] ×V)/(1000 ×W) 

[/] 
Chlorophyll b = 

([(22.9 ×D654)-(4.93 ×D663)] × V)/(1000 ×W) 

[0] 

½¹ vĉü ĂÖzv½wă V ĈöĊù yÆ³¾z ā½wÎÝ ĈĉwĄý ø¬³I¾¤Ċõ D 

 ÿ ć½Āý x¼«W )¢Åv ÷¾ñ yÆ³¾z ¢åwz û¿ÿ 

v¾zć  ¢Úöá IwÊá ćºĊ Ċõ ûĀĊÅvºĊÆív¾~ È¬þÅ

ûĀõwù¹ćºĊtºõj $MDA# ĂýĀúý ½¹ćwă ½ ā¿w£ĉĂÊI ûĀõwù ¹ć-

ºĊtºõj $ ìĉ½Ā¤Ċz½wzĀĊ£ wzTBA½Āý x¼« ÿ ¹v¹ Èþívÿ #ć 

 Äîö úíðý½Àù¾é $MDA-TBA ½¹ #óĀÕ©Āù 0.- 

Ăz ¾¤ùĀýwýĊÅÿĂö Ā¤åÿ¾¤î Åv¾¤ù  óºù$JENWAY 6300 #

āÀĊòý½ ĂĊêz x¼« ÿ ºÉ āºývĀ· ĈÍwÎ¤·v¾Ċá ćwă ½¹1++ 

ā¿vºýv ¾¤ùĀýwýĊñ¾ć  )ºÉwĄý½¹¢ĉ  ¢ÚöáMDA  ¿v ā¹wæ¤Åv wz

½Āý x¼« ôÑwæ£ć  ÿ¹ ½¹óĀÕ©Āù  ĈÉĀùw· yĉ¾Ñ ÿ çĀå



ĈĉwéjĀúÝ ÿ 5ûv½wîúă £v ¾§vĊüö ¹ćĊùjü ¤Åv v¾¤£Ċì ÅvĊº å¾Ù ÿ ºÉ½ ¾zĊ¢ ñĊāwĈĉđw~ ýĊôî ñ ½¹Ċāw úăĊĂÊ½wĄz .+4 

 

 

 ó¹wÞù1551-cmmM   Ă{Åw´ùºÉ $Heath and Packer 

1968#) 
 

 یآمار زیو آنال طرح

 vĉü wù¿jĉÈ Ăz¡½ĀÍ ĉ½Ā¤íwåô  ±¾Õ wzMĒùwí å¹wÎ£Ĉ z ĂÅ w

ý ²ÖÅ ĂÅ ôùwÉ wă½Ā¤íwå )ºÉ v¾«v ½v¾î£Ċôî $¾æÍ I,++ I

,0+ ùĊöĈ÷¾ñ í ¾zĊ÷¾ñĀö  ÿ #ëw·/  ²ÖÅEDTA $¾æÍ I

0*+ I,  ÿ- í ½¹ ÷¾ñĊ÷¾ñĀö ā¹v¹ ć½wùj ÀĊõwýj )¹Āz #ëw·wă 

wz ÷¾ý½vÀåv SAS Þ£ ÿĊĊü þÞùĈć½v¹ Ċù üĊz ãĒ¤·vüĊòýwăw 

Ăþùv¹ ºþ¯ ûĀù¿j ¿v ā¹wæ¤Åv wzćv üîýv¹ ½¹ ²ÖÅ ówú¤³v 0 

ºÍ½¹ ÷w¬ýv ºÉ) 

 

 نتایج و بحث

 یمحتوابر رشد،  EDTAو  کلیاثر سطوح مختلف ن

 دآلدئیدی مالون یمحتوا و یلکلروف
w¤ýĉª À¬£Ăĉ ½vÿÄýwĉ ý ôê¤Æù ¾§v Ăí ¹v¹ ûwÊýĊôî ÿ EDTA 

½ ìÊ· ÿ ¾£ û¿ÿ ¾zĉĂÊ vĀă È¸z ÿĈĉI vĀ¤´ùć åÿ¾öíĊô a 

 ÿb vĀ¤´ù ÿ ï¾zć ûĀõwùć¹Ċtºõjº ½ĉĂÊ úăĊĂÊ½wĄz  ½¹

 ówú¤³v ²ÖÅ, þÞù ºÍ½¹Ĉ½v¹ v ôzwê¤ù ¾§v )¹Āzĉü wă½Ā¤íwå 

vĀă È¸z ¾£ û¿ÿ ¾zĈĉ vĀ¤´ù ÿć åÿ¾öíĊô a z ½¹ï¾ 

áĊþÞù¾Ĉ½v¹ ½ ¾£ û¿ÿ ¾z ÿ ¹ĀzĉĂÊ  ówú¤³v ²ÖÅ ½¹0  ºÍ½¹

½ ìÊ· û¿ÿ ¾z ÿĉĂÊ vĀă È¸z ÿĈĉI vĀ¤´ùć åÿ¾öíĊô b  ÿ

vĀ¤´ùć ûĀõwùć¹Ċtºõjº ½ĉĂÊ  ówú¤³v ²ÖÅ ½¹,  ºÍ½¹

þÞùĈ½v¹ $ ¹Āz óÿº«-)# 
 
برگ و b و a لیکلروف ی، محتواییو بخش هوا شهیتر و خشک ر بر وزن EDTA و کلیمختلف ن هایاثر غلظت انسیوار هیتجز .2جدول 

 بهارشهیهم شهیر دآلدئیدیمالون یمحتوا
Table 2. The analysis of variance related to the effect of different concentrations of nickel and EDTA on fresh and dry 

weight of shoots and roots, content of chlorophyll a, b in leaf and malondealdehyde (MDA) content in roots of pot 

marigold 

 تغییرات منابع

S.O.V 

درجه 

 آزادی

df 

 وزن تر

 بخش هوایی
Shoot dry 

weight 

 وزن خشک

 بخش هوایی

Shoot dry 

weigh 

 وزن تر

 ریشه

Root dry 

weigh 

 وزن خشک

 ریشه

Root dry 

weigh 

 کلروفیل
a 

Chl. a 

content 

 کلروفیل

b 
Chl. b 

content 

-دیمالون

 ریشه آلدئید

MDA 

content 

 غلظت نیکل
Ni concentration 

2 
%%246.31 %%5.26 %%169.19 %%4.64 %%46.12 %%17.41 %%2548.52 

 EDTAغلظت 

EDTA concentration 
3 

%%119.16 %%4.28 %%96.08 %%3.17 %%10.22 %%6.51 %%399.42 

EDTA × نیکل 

Nickel ×EDTA 
6 1.77 ns %%5.39 %139 %%0.28 0.24ns %%7.54 %%24.89 

 خطا
Error 

24 0.71 0.03 0.5 0.02 0.18 0.15 2.34 

nsĂz %% ÿ % I£¾£Ċy þÞù ÷ºÝĈć½v¹ þÞù ÿĈ½v¹  ówú¤³v ²ÖÅ ½¹0  ÿ, ºÍ½¹ 
ns, * and, ** show non-significant and significant differences at 5 and 1% probability level, respectively 

 

ê´£ ½¹Ċè  û¹ÿÀåv wz ¾Ñw³,++  ÿ,0+ ùĊöĈ÷¾ñ  ¾z

íĊ÷¾ñĀö ýĊôî ½ ìÊ· ÿ ¾£ û¿ÿ Iëw· ½¹ĉĂÊ vĀă È¸z ÿĉĈ 

$ ôîÉ,vĀ¤´ù ÿ #ć åÿ¾öíĊô a  ÿb $ ï¾z ôîÉ- º³ ½¹ #

þÞùĈć½v¹  Èăwíĉ¢åwý Ă¯¾ñv )Ċôî ¹wêù ½¹ĉ¾ v¾z øíć É½ º

ñĊûwăw æùĊº ¹wêù wùv ¢Åvĉ¾ ¿ĉ¹w Æív Èþ£ ûjĊ£vºĊĀ  ÿ

úÅĊ¢ vĉ¹w¬ ùĈ ÿ ìÊ· û¿ÿ ½¹ Èăwí y«Āù Ăí ºþí

ñ¾z¹½¿Ĉ ñ ½¹Ċûwăw ùĈ¹ĀÉ $Vischetti et al., 2022; 

Valivand and Amooaghaie, 2021v ¾z āÿĒÝ )#ĉIü 

¢Úöáćwă ĈúÅ ôîĊý ¿v èĉ¾Õ ĉ¾´£ì zĀ¯Ĉ  Èăwí ÿ ûºÉ

ãwÖÞývĉ¼~¾ć ¹ĉā½vĀćwă õĀöÅĈI  ²ÖÅ Èăwíx¼«āºþþí 

wÊá ½w¤·wÅ ½¹ ¾ĊĊâ£ ÿ xjć óĀöÅćwă IĂÊĉ½ ĈzĈúÚý ¹ ½

õĀzw¤ùĊøÆ Æê£ ÿĊø õĀöÅĈ  ćwăºþĉj¾å ¾z Ĉæþù ¾Ċ§m£ ÿ

 Èăwí v½ āwĊñ ºÉ½ IÀ¤þÅĀ¤å ÿ ç¾Þ£ IÄæþ£ ¾ĊÚý ìĉÁĀõĀĉÀĊå

ùĈºă¹ $Hassan et al., 2018)# 

½¹ vĉü v¾É ½¹ ĂÞõwÖùĉÔ ý Èþ£ ûÿºzĊIôî vÀåv wzĉÈ 

 ¢ÚöáEDTA vĀă È¸z ìÊ· ÿ ¾£ û¿ÿ Iëw· ½¹Ĉĉ  ÿ

½ĉĂÊ úăĂÊĊ½wĄz Ăz āÿ¾ñ ¾ă ºăwÉ Ăz ¢{Æý½ĀÕ ĈþÞù½v¹ć 

 Èăwíĉ¢åw $Ăzwþ¨¤Åvć  ¢Úöá ¾§v0*+  ÷¾ñEDTA  û¿ÿ ¾z

½ ¾£ĉĂÊ þÞù ĂíĈ½v¹ {ù Ăí #¹Ā{ýĊü úÅ ¾§vĈ đwz ±ĀÖÅć 

EDTA zv¾ć ñ ºÉ½Ċāw $ ¢Åv ôîÉ, ±ĀÖÅ ½¹ )#,++  ÿ

,0+ ùĊöĈ÷¾ñ í ¾zĊ÷¾ñĀö ýĊôî ý ëw·ĊÀ  û¹ÿÀåv0*+ I,  ÿ

- í ¾z ÷¾ñĊ÷¾ñĀö EDTA È¸z ºÉ½ Iëw· Ăz vĀăĈĉ  ÿ



.,+ Èþ£wăĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć ºö« I,2 I£ ûw¤Æzw,/+. 

 

½ĉĂÊ úăĊĂÊ½wĄz Ăz āÿ¾ñ ¾ă ºăwÉ Ăz ¢{Æý v½½ĀÕ ĈþÞù¹½vć 

v¾z )¹v¹ Èăwíć  ¢Úöá ½ĀÒ³ ½¹ ów¨ù-  ÷¾ñEDTA  ¾z

íĊ÷¾ñĀö ½ ìÊ· ÿ ¾£ û¿ÿ Iëw·ĉĂÊ £¾£ ĂzĊy 2,*14  ÿ

+1*1/ vĀă È¸z ìÊ· ÿ ¾£ û¿ÿ ÿ ºÍ½¹Ĉĉ ñĊāw £¾£ ĂzĊy 

ù ĂzĊûvÀ +1*/4  ÿ11*1+  Èþ£ ¢´£ ºÍ½¹,0+ ùĊöĈ÷¾ñ 

ýĊôî  Èăwí ëw·ĉ¢åw) 
 
 

  

  

( خاک ر کیلوگرمدگرم  2، 1، 5/0، صفر) EDTA( و گرم در کیلوگرم خاکمیلی 150 ،100، صفرنیکل ) های مختلفغلظت اثر .1شکل 

دار بین تیمارها بر ف یکسان مبین عدم تفاوت معنیوحر. بهارگیاه همیشه C, D))و ریشه  A, B))بر وزن تر و خشک بخش هوایی 

 .است درصد 5دانکن در سطح احتمال طبق آزمون 
Fig. 1. The effect of different concentrations of nickel (0, 100, 150 mg kg-1) and EDTA (0, 0.5, 1, 2 g kg-1) of soil 

on fresh and dry weight of shoot (A,B) and root (C,D) of pot marigold. The data are means of 3 replications ± 

SE and same letters indicate non-significant differences between treatments according to Duncanôs multiple 

range tests. 

 

þ°úăĊü w¤ý Ăz Ă«Ā£ wzĉª  ôîÉ- v¾É ½¹ĉÔ  Èþ£ ûÿºz

ýĊIôî  ¢Úöá ¾§v0*+ í ¾z ÷¾ñĊ÷¾ñĀö EDTA vĀ¤´ù ¾zć 

åÿ¾öíĊô a  ÿb v ºăwÉ Ăz ¢{Æýĉü á āÿ¾ñĊþÞù¾Ĉ½v¹ ¹Āz Jùv w

 Èþ£ ¢´£,++  ÿ,0+ ùĊöĈ÷¾ñ í ¾zĊ÷¾ñĀö ýĊôî  Iëw·

¢Úöá Ăúă ¹¾z½wíćwă EDTA Ăz½ĀÕ ĈþÞùć½v¹ vĀ¤´ùć 

åÿ¾öíĊô a  ÿb v ºăwÉ Ăz ¢{Æý v½ĉü āÿ¾ñwă Èăwí ¹v¹ 

$ôîÉ -)# 
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ĈĉwéjĀúÝ ÿ 5ûv½wîúă £v ¾§vĊüö ¹ćĊùjü ¤Åv v¾¤£Ċì ÅvĊº å¾Ù ÿ ºÉ½ ¾zĊ¢ ñĊāwĈĉđw~ ýĊôî ñ ½¹Ċāw úăĊĂÊ½wĄz .,, 

 

 

  
خاک( بر  لوگرمیگرم در ک 0 ،5/0 ،1 ،2) EDTA خاک( و لوگرمیدر ک گرمیلیم 150، 100، 0) کلیمختلف ن هایاثر غلظت .2شکل 

بر طبق  مارهایت نیب داریعدم تفاوت معن نیمب کسانی حروف. بهارشهیهم اهیدر برگ گ b (B) لی، کلروفa (A) لیکلروف یمحتوا

 .استدرصد  5آزمون دانکن در سطح احتمال 
Fig. 2. The effect of different concentrations of nickel (0, 100, 150 mg kg-1) and EDTA (0, 0.5, 1, 2 g kg-1) of soil 

on content of chlorophyll a, b in leaves of pot marigold. The data are means of 3 replications ± SE and same 

letters indicate non-significant differences between treatments according to Duncanôs multiple range tests. 
 

~Ċ¹wĄþÊ  Ăí ¢Åv āºÉEDTA ¿wÅwă½ wzć  ¡v½» ¿v ¡vÀöå

úăv¾å Iëw·Ĉ vÀåv v½ ëw· óĀö´ù È¸z ½¹ ÀöåĉÈ  ½¹ ÿ ā¹v¹

¤ýĊĂ¬  y«Āùz Üú¬£ ÿ x¼«Ċ¾¤Ê ñ ½¹ ÀöåĊāw ùĈ¹ĀÉ ÿ 

úÅĊ¢ ñ ½¹ ÀöåĊāw v ÿ ºÉ½ Èăwí Ăz ¾¬þùĉ¹w¬ ñ¾z¹½¿Ĉ 

ùĈ¹ĀÉ $Shahid et al., 2014v ½¹ )#ĉü  ¹¾z½wí øă ĂÞõwÖù

á¢Úö 0*+  ÷¾ñEDTA í ½¹Ċ÷¾ñĀö ý ¢Úöá Iëw·Ċôî  v½

½ ½¹ĉĂÊ vĀă È¸z ÿĈĉ vÀåvĉÈ $ ¹v¹ óÿº«/ ÿ #Mđwú¤³v 

úăĊü z ¢ÚöáĊ¾¤Ê ½ ºÉ½ Èăwí y«Āù ÀöåĉĂÊ  È¸z ÿ

vĀăĈĉ $ ôîÉ,vĀ¤´ù ÿ #ć åÿ¾öíĊô a  ÿb $ ï¾z ôîÉ- #

ñĊāw úăĊĂÊ½wĄz òþÅ ¡vÀöå Üú¬£ MđĀúÞù )ºÉĊü ¾Õ ¿vĉè 

vĉ¹w¬ Æív Èþ£Ċ£vºĊĀ ¾Æ£ ÿĉÜ À¬£ĉĂ åÿ¾öíĊô  ÿĉw õ¹ ĂzĊô 

æþù ¾§v ÿ ¢zwé½Ĉ v¾zć  ¡vÀöå x¼«¿wĊý¹½Āù v¾zć zĊþÅĀÀ¤ 

åÿ¾öíĊô  ô¨ù$Fe  ÿMgvĀ¤´ù I#ć åÿ¾öíĊô ñ ½¹Ċāw  Èăwí v½

ùĈºþă¹ $Amooaghaie et al., 2017; Nabaei and 

Amooaghaie, 2019; Valivand and Amooaghaie, 

2021¤ý wz ĂzwÊù )#wĉª ¾îÊ£ ĂÞõwÖù IwùćöÝ ÿ ā¹v¿Ċā¹vÀ 

$Tashakori zadeh and Alizadeh, 2019 ¹v¹ ûwÊý øă #

 ¹¾z½wí ĂíEDTA ý wz ā¹Āõj ëw· ½¹ĊIôî ôĊõ¹ Ăz û¹¾z đwz 

ý Üú¬£Ċôî ñ ½¹ĊIāw ºþă ó¹¾· ºÉ½ć  )¹v¹ Èăwí v½

þ°úăĊü ¹ ĂÞõwÖù ½¹ĉ¾òć ¢Úöá ¹¾z½wíćwă 0  ÿ,+ 

ùĊöĈóĀù EDTA í ½¹Ċ÷¾ñĀö Iëw· vÀåv wzĉÈ  ÷ÿ¾í x¼«

ý ÿĊôî å ¡v¾§v ¦ÝwzĊÆíĀ£Ā¤Ĉ ºÉĉº ñ¹¾ùÂ~ ÿĈI ¹½¿  ûºÉ

ï¾z ÿ wăwĄý½¹¢ĉ ñ ï¾ùĊāw $ ºÉ ā½Ā£v¹Jean et al., 2008)# 

Ăzów³¾ă ê´£ ½¹Ċè öÝ ¾Ñw³Ĉøá½ vĉüĂí  ¹¾z½wí wz

¢Úöáwăć ,  ÿ-  ÷¾ñEDTA í ½¹Ċ÷¾ñĀö vĀ¤´ù Iëw·ć 

ýĊôî ½ ½¹ĉĂÊ vĀă È¸z ÿĈĉ þÞù º³ ½¹Ĉć½v¹  Èăwíĉ¢åw 

$ óÿº«/õÿ I#Ĉ ½ ºÉ½ĉĂÊ vĀă È¸z ÿĈĉ ñĊûwăw åÿ¾öí ÿĊô 

a  ÿb $ ï¾zôîÉćwă ,  ÿ-v ½¹ #ĉü ¢Úöáwă Ċz¾¤Ê  óÿÀý

ĀÅ ¿v )¹¾íć ¹ĉ¾ò  ¢Úöá ¹¾z½wí0*+  ÷¾ñEDTA í ¾zĊ÷¾ñĀö 

v¾É ½¹ ëw·ĉÔ  ²ÖÅ ½¹ ÿ Èþ£ ûÿºz,++ ùĊöĈ÷¾ñ ýĊôî 

 ëw·¾Ċ§m£ þÞùĈć½v¹ vĀ¤´ù ¾zć ûĀõwùć¹Ċtºõjº ½ĉĂÊ 

¢Úöá ¹¾z½wí wùv ¢Évºýćwă ,  ÿ-  ÷¾ñEDTA í ¾zĊ÷¾ñĀö 

ý ±ĀÖÅ Ăúă ½¹ ëw·Ċôî vÀåv ¦ÝwzĉÈ þÞùĈ½v¹ vĀ¤´ùć 

ûĀõwùć¹Ċtºõjº ½ĉĂÊ $ ºÉ āÿ¾ñ ¾ă ºăwÉ Ăz ¢{Æý ôîÉ. )#

vĉü w¤ýĉª ù ûwÊýĈºă¹ Ê¸z ĂíĈ wă¾¤ùv½w~ Èăwí ¿vć É½ º

v ½¹ĉü £Ċwă½wú ÉwýĈ úÅ ¿vĊ¢  ¹Ā·EDTA  ºÉ½ ÷ºÝ )¢Åv

ñĊāw ¢Úöá ½¹ / ÷¾ñ EDTA í ¾zĊ÷¾ñĀö  Èăwí Iëw·

wă¾¤ùv½w~ć vĀ¤´ù ÿ ºÉ½ć åÿ¾öíĊô a  ÿb $ôîÉćwă ,  ÿ- #

vÀåv ÿĉÈ ùĊûvÀ ¾~ÆívĊÅvºĊûĀ õĊ Ċºć $ ôîÉ. #½ ½¹ĉĂÊ 

 ±ĀÖÅ ½¹,  ÿ-  ÷¾ñEDTA í ¾zĊ÷¾ñĀö ¤³ ëw·Ĉ  ½¹

v¾ÉĉÔ ý Èþ£ ûÿºzĊIôî ýĊÀ zĊ¾¤Ê vĉü Ñ¾åĊĂ  v½£ºĊtw  ¹¾í

¢Úöá Ăíćwă đwzć EDTA v¾zć ñĊāw úÅĈ Ăz )¢Åv½ĀÕ 

ĈĄzwÊù úÅĊ¢ EDTA v ¾§v ÿĉü vÀåv ¾z ā¹wùĉÈ õĀ£Ċº ýĀñĂ-

ćwă Æív ówÞåĊûÂ õÿ¾¤îõv ¢Êý ÿĊ¤Ĉ ñ ½¹Ċāw ´£ ªý¾z ¢

v¾ÉĉÔ $ ¢Åv āºÉ Ç½vÀñ øă Èþ£ ûÿºzNazmul Huda 
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.,- Èþ£wăĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć ºö« I,2 I£ ûw¤Æzw,/+. 

 

et al., 2021ýwîù ûĀþíw£ )#ĊøÆ úÅĊ¢ Æív ¡v¾§v ÿĊ£vºĊĀ 

đwz ±ĀÖÅć EDTA ¢Åv āºÊý üÉÿ½ Jù wùvĈûvĀ£  ówú¤³v

òþÅ ¡vÀöå ½ĀÒ³ ÷ºÝ ½¹ Ăí ¹v¹ĊIü đwz ±ĀÖÅć EDTA 

ý º³ ¿v ¾£v¾å x¼« y«ĀùĊ¿w ÆzĊ½wć Àöå ¾ÍwþÝ ¿vć  ºþýwù

ÿ½ IÄù Iüăjć wÅ ÿĉ¾ ½ÿ¾Ñ ¡vÀöåć ñ ½¹Ċāw ùĈ¹ĀÉ  ÿ

¹wêùĉ¾ đwzć vĉü ÞÑÿ ½¹ óĒ¤·v y«Āù øă ¡vÀöåĊ¢ ÆívĊº 

³v ÿĊwć õĀ£ ÿ óĀöÅĊº ROS ùĈ¹¹¾ñv Ä Å )ĉü ĂýĀñćwă 

Æív ówÞåĊûÂ Æív¾~ y«ĀùĊÅvºĊûĀ z¾¯Ĉćwă  ½¹ ÿ wÊá

¤ýĊĂ¬ vÀåvĉÈ õĀ£Ċº ûĀõwùć¹Ċtºõjº ùĈ¹ĀÉv¾É ½¹ )ĉÔ  Èþ£

ýĊôî vÀåv øăĉÈ ý Üú¬£ ÿ x¼«Ċôî ½ ½¹ĉIĂÊ  Èþ£

ÆívĊ£vºĊĀ ¾¸£ ÿĉy wÊáć óĀöÅwă v½ ĉºÊ£º ùĈºþí) 

 

 150، 100، صفر) کلیمختلف ن هایاثر غلظت .3شکل 

، 1، 5/0، صفر) EDTA خاک( و لوگرمیدر ک گرمیلیم

 دآلدئیدیمالون یخاک( بر محتوا لوگرمیگرم در ک 2

عدم  نیمب کسانی حروف. بهارهمیشه اهیگ شهیر

بر طبق آزمون دانکن در  مارهایت نیب داریتفاوت معن

 .درصد است 5سطح احتمال 
Fig. 3. The effect of different concentrations 

of nickel (0, 100, 150 mg kg-1) and EDTA (0, 

0.5, 1, 2 g kg-1) of soil on malondealdehyde 

(MDA) content in root of pot marigold. The 

data are means of 3 replications ± SE and 

same letters indicate non-significant 

differences between treatments according to 

Duncanôs multiple range tests.  
 

 

و  ییبخش هوا کلیبر غلطت ن EDTAو  کلین تأثیر
 پالاییاهیگ هایو شاخص شهیر
wz w¤ý Ăz Ă«Ā£ĉª õwýjĊÀ ½vÿĉÄýw $ óÿº«. ôzwê¤ù ÿ ôê¤Æù ¾§v #

ýĊôî  ÿEDTA ý ¢Úöá ¾zĊôî ¿ Üú¬£ ½Ā¤íwå ÿĉ¤ÆĈ z È¸

vĀăĈĉ ½ ÿĉĂÊ ñĊāw ý ówê¤ýv ½Ā¤íwå ÿĊôî  ówú¤³v ²ÖÅ ½¹, 

 ÿ0 þÞù ºÍ½¹Ĉ½v¹ )¢Åv ā¹Āz 

ûwúă½ĀÕ  û¹ÿÀåv wz ¹Āz ½wÚ¤ýv ¹½Āù Ăí,++  ÿ,0+ 

ùĊöĈ÷¾ñ ýĊôî í ½¹Ċ÷¾ñĀö ý ¢Úöá Iëw·Ċôî È¸z ½¹ 

vĀăĈĉ ½ ÿĉĂÊ vÀåvĉÈ ĉ¢åw£ Ăúă ½¹ )Ċwă½wú ¤³$Ĉ  #ºăwÉ

ý ¢ÚöáĊôî vĀă È¸z ½¹Ĉĉ zĊ¾¤Ê ½ ¿vĉĂÊ ¤ý ½¹ ÿ ¹ĀzĊĂ¬ 

ý ówê¤ýv ½Ā¤íwåĊôî v ½¹ĉü ñĊāw z ā½vĀúăĊ¾¤Ê  ¿v, $ ¹Āz óÿº«

/z Üú¬£ Ă¯¾ñv )#Ċ¾¤Ê ýĊôî vĀă È¸z ½¹Ĉĉ ĉì Àùĉ¢ zv¾ć 

ñ ¿v ā¹wæ¤ÅvĊûwăw Ăùwý¾z ½¹ćwă ñĊāwĈĉđw~ ù xĀÆ´ùĈÉ ¹Ā

Þù Ăz Ă«Ā£ wz wùvĊwă½wć ¾Þ£äĉāºÉ v¾zć ñĊûwăw zĊÈÿºýv¿ 

$Ali et al., 2013v I#ĉü úă ĂýĀñĊĂÊ ½wĄzĉì ñĊāw zĊÈýv¿ÿº 

ýĊôî ýĊ¢Æ ý ¢Úöá ā½vĀúă ûĀ¯Ċôî ¹½ vĀă È¸zĈĉ úí ¾¤

 ¿v,+++ ùĊöĈ÷¾ñ ýĊôî í ½¹Ċ÷¾ñĀö ñ ìÊ· û¿ÿĊāw  ÿ

¿ Üú¬£ ½Ā¤íwåĉ¤ÆĈ ½ ½¹ ûjĉĂÊ vĀă È¸z ÿĈĉ  ¿v ¾¤úí, 

$ ¹Āz óÿº«/)# vĉü w¤ýĉª  wzĉĂ¤åwćwă ö{é ĂÞõwÖùĈ ÿ½ wùć 

vĉü ñĊāw $ ¢Év¹ ¢êzwÖùHeidari et al., 2020#)  Ă«Ā£ wz

w¤ý Ăzĉª  óÿº«/ v¾É ½¹ĉÔ vÀåv IÈþ£ ûÿºzĉÈ  ¢Úöá

EDTA ¾Ċ§m£ þÞùĈć½v¹ ù ¾zĊûvÀ ýĊôî ñĊāw ½¹ wùv ¢Évºý 

 ±ĀÖÅ,++  ÿ,0+ ùĊöĈ÷¾ñ í ¾zĊ÷¾ñĀö ýĊôî  wz Iëw·

 ¹¾z½wí0*+  ÷¾ñEDTA í ¾ă ½¹Ċ÷¾ñĀö ý ¢Úöá Iëw·Ċôî 

vĀă È¸z ½¹Ĉĉ ½ ÿĉĂÊ v ºăwÉ Ăz ¢{Æýĉü āÿ¾ñwă $ĉþÞĈ 

£Ċ½wú  ûÿºzEDTAvÀåv #ĉÈ ĉ¢åw¡Ēí ¹¾z½wí )Ĉĉwă  ô¨ù

EDTA ùĈºývĀ£ vÀåv wzĉÈ ¿wÅwă½ć  óĀö´ù È¸z ½¹ ¡vÀöå

ĄÆ£ ¦Ýwz ëw·Ċô ½ ½¹ Àöå Üú¬£ ÿ x¼«ĉĂÊ vĀă È¸z ÿĈĉ 

ñĊāw $ ¹ĀÉShahid et al., 2014)# 

½¹ vĉü ê´£Ċè  ¢Úöá ¹¾z½wí Ă¯¾ñv0*+  ÷¾ñEDTA  ¾z

íĊ÷¾ñĀö ¿ Üú¬£ ½Ā¤íwå Iëw·ĉ¤ÆĈ ýĊôî ½ ½¹ĉĂÊ z ÿ È¸

vĀăĈĉ ñĊûwăw  ºÉ½Ă¤åwĉ  Ăz ā¹Āõj ëw· ½¹,++  ÿ,0+ ùĊöĈ-

÷¾ñ í ½¹Ċ÷¾ñĀö ýĊôî ¿ v½ĉ¹w v wùv ¹¾íĉü vÀåvĉÈ ¿v j ¾Úý½wùć 

þÞùĈ½v¹ õw³½¹ )¹Ā{ýĈĂí vĉü £Ċ½wú Ăz½ĀÕ ùþÞĈć½v¹ ùĊûvÀ 

vÀåv v½ ówê¤ýv ½Ā¤íwåĉÈ $ ¹v¹ óÿº«/¹ ¡wÞõwÖù )#ĉ¾ò  øă

 ¹¾z½wí Ăí ¹v¹ ûwÊýEDTA ù¹wí ë¾´£ ½Ā¤íwåĊ÷Ā  ëw· ½¹

ñ ½¹ ûj Üú¬£ ÿĊāw úăĊĂÊ½wĄz $Saffari and Saffari, 

2020ù ÿ #ĊûvÀ ý ówê¤ýv ½Ā¤íwå ÿ Üú¬£Ċôî ñ ½¹Ċāw Ā£v¹ ā½

$Jean et al., 2008$ ¡½» ÿ #Tipu et al., 2021vÀåv v½ #ĉÈ 

 ½ĀÒ³ ÷ºÝ ½¹ Ăí ¢Åv āºÉ ÷ĀöÞù )¹v¹EDTAöå I ¡vÀ
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ĈĉwéjĀúÝ ÿ 5ûv½wîúă £v ¾§vĊüö ¹ćĊùjü ¤Åv v¾¤£Ċì ÅvĊº å¾Ù ÿ ºÉ½ ¾zĊ¢ ñĊāwĈĉđw~ ýĊôî ñ ½¹Ċāw úăĊĂÊ½wĄz .,. 

 

 

òþÅĊü ¾Õ ¿vĉè ÆùĊ¾ ÅĊ¤ÅĒ úĈ z ¿vĊü ÅĊÅĒ~Ā¤ø óĀöÅ-

ćwă ½ ¢ÅĀ~ĉĂÊ zĀ¯ ºýÿj ĂzĈ vĀă ÷vºýv Ăz w¬ýj ¿v ÿ ôê¤þùĉĈ 

ù ówÅ½vĈºýĀÉ JÀöå Äîö úí wùv EDTA ùĈºývĀ£ ĂzýwÅjĈ 

¾Õ ¿vĉè ÆùĊ¾ ¤ÅĒ~Ā~vĈ ºýÿj ĂývĀ¤Åv Ăzć ½ĉĂÊ ê¤þù ÿ ô

zĀ¯ ºýÿj ½¹ Ä ÅĈ ½v¼ñ½wzć  )¹ĀÉMđwú¤³v  ówÎ£v Èăwí

£wíĊûĀwăć Àöåć £wí ó¹w{£ èÕwþù ĂzĊýĀĈ ¹ ½¹ĉā½vĀćwă 

õĀöÅĈI ù y«ĀùĈ¹ĀÉ ¾Õ ¿v ówê¤ýv Ăíĉè ÆùĊ¾ ¤ÅĒ~Ā~jĈ 

Üĉ¾Å¾£ Æù ¿vĊ¾ ÅĊ¤ÅĒ úĈ  ÿ ºÉwzüĉv¾zwþzI vÀåvĉÈ  ówê¤ýv

z Üú¬£ ÿĊ¾¤Ê vĀă È¸z ½¹ ÀöåĈĉ ¹¾z½wí wz EDTA  ¹½Āù

$ ¢Åv ½wÚ¤ývHernandez-Allica et al., 2007)# 
 

در بخش هوایی و  نیکل زیستیتجمع  فاکتورو  Úöá¢بر  EDTAنیکل و های مختلف غلظت های حاصل از اثرتجزیه واریانس داده .3جدول 

 بهارهمیشهدر ریشه و فاکتور انتقال نیکل 
Table 3. The analysis of variance related to the effect of different concentrations of nickel and EDTA on Ni 

concentration and biological accumulation factor (BAF) in shoots and roots and translocation factor (TF) in pot 

marigold

 تغییرات منابع

S.O.V 

درجه 

 آزادی

df 

 نیکل

 بخش هوایی

Shoot Ni 

concentration 

 نیکل

 ریشه

Root Ni 

concentration 

تجمع  فاکتور

 شاخساره زیستی

BAF in 
shoot 

تجمع  فاکتور

 ریشه زیستی

BAF in root 

 فاکتور انتقال

 نیکل

translocation 

factor 

 غلظت نیکل
Ni concentration 

2 %%86.48 %%48.83 %%2.89 %%1.1 %%0.57 

 EDTAغلظت 

EDTA concentration 
3 %%8.81 %%3.81 %0.03 %%0.04 %0.23 

EDTA × نیکل 

Nickel ×EDTA 
6 %%1.75 %0.53 %0.02 %%0.03 %0.11 

 خطا
Error 

24 0.1 0.07 0.005 0.002 0.04 
 

%  ÿ%% Ăz ĈþÞù yĊ£¾£ ówú¤³v ²ÖÅ ½¹ ½v¹0  ÿ, ºÍ½¹ 
* and ** show significant differences at 5 and 1% probability level, respectively 

 

 
بر  (خاک ر کیلوگرمدگرم  2، 1، 5/0، صفر) EDTA( و گرم در کیلوگرم خاکمیلی 150، 100، صفرنیکل ) های مختلفغلظت اثر .4جدول 

 در هر گلداننیکل و میزان برداشت کل  بهارهمیشهدر  در بخش هوایی و ریشه و فاکتور انتقال نیکل زیستیتجمع  فاکتورو  غلظت

Table 4. The effect of different concentrations of nickel and EDTA on Ni concentration and biological accumulation 

factor (BAF) in shoots and roots and translocation factor (TF) in pot marigold and Ni concentration in soil 

 برداشت کل نیکل

 در هر گلدان

Total Ni 

removal 
mg/pot 

 فاکتور انتقال

 نیکل

translocation 
factor 

تجمع  فاکتور

 ریشه زیستی

BAF in root 

تجمع  فاکتور

بخش  زیستی

 هوایی

BAF in 
shoot 

 نیکل

 هواییبخش 

Shoot Ni 
concentration 

mg/kg 

 نیکل

 ریشه

Root Ni 
concentration 

mg kg-1 

 سطوح

EDTA 

 
EDTA 

level 

(g kg-1) 

 غلظت

 نیکل

Ni 
concentration 

mg kg-1 
ef5.20  bc1.56  b0.56  b0.88  h0.86  f0.55  0 

0 
ef4.16  bc1.35  a0.83  a1.12  h0.9  f0.67  0.5 
fg2.14  b1.69  b0.51  b0.84  h0.62  f0.38  1 
g1.33  a2.15  c0.35  b0.77  h0.50  f0.23  2 
bc18.98  d1.11  d0.04  c0.04  fg3.95  d3.57  0 

100 
a24.23  bc1.36  d0.06  c0.08  b6.52  b4.82  0.5 
d11.45  cd1.25  d0.04  c0.05  ef4.43  d3.54  1 

e7.21  bc1.3  d0.04  c0.05  g3.55  e2.72  2 
c16.41  cd1.23  d0.03  c0.03  cd5.07  c4.11  0 

150 
b20.33  b1.54  d0.04  c0.06  a8.13  a5.32  0.5 
d10.60  bc1.3  d0.03  c0.04  c5.42  c4.21  1 

e6.02  b1.58  d0.03  c0.04  de4.86  e3.08  2 

 ûĀ¤Å ¾ă ½¹ĈþÞù ¡ÿwæ£ ¹Ā«ÿ ÷ºÝ üĊ{ù ûwÆîĉ ãÿ¾³ ówú¤³v ²ÖÅ ½¹ üîýv¹ ûĀù¿j è{Õ ¾z wă½wúĊ£ üĊz ½v¹0  ºÍ½¹¢Åv) 
The same letters per each column indicate non-significant differences between treatments according to Duncan’s multiple range 

tests. 



.,/ Èþ£wăĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć ºö« I,2 I£ ûw¤Æzw,/+. 

 

 

 ±ĀÖÅ ½¹,++  ÿ,0+ ùĊöĈ÷¾ñ í ¾zĊ÷¾ñĀö ýĊôî ëw· I

 ¹¾z½wí0*+ ÷¾ñ EDTA ½¹ íĊ÷¾ñĀö ý ¢Úöá Iëw·Ċôî  v½

vĀă È¸z ½¹Ĉĉ 10  ÿ.0*1+ ½ ½¹ ÿ ºÍ½¹ĉĂÊ .0  ÿ//*-4 

v ºăwÉ Ăz ¢{Æý ºÍ½¹ĉü āÿ¾ñwă $£Ċ½wú  ûÿºzEDTA #

vÀåvĉÈ $ ¹v¹ óÿº«/v Ăz Ă«Ā£ wz )#ĉüĂí ¿ Èăwíĉ¢Æā¹Ā£ 

½ĉĂÊ vĀă È¸z ÿĈĉ v ½¹ĉü ¢Úöá EDTA ûvºþ¯ ¿ĉ¹w  ¹Ā{ý

$ ôîÉ,v ½¹ I#ĉü £Ċwă½wú ùĊûvÀ ý ôí ¢Év¹¾zĊôî  ¾ă ½¹

 øă ûvºöñ11*-2  ÿ//*-. vÀåv ºÍ½¹ĉÈ ĉ¢åwv )ĉü ¤ýĊĂ¬ 

zĊ¾òýw  ¢Úöá ¹¾z½wí Ăí ¢Åv ûj0*+  ÷¾ñEDTA  ½¹

íĊ÷¾ñĀö v¾z ëw·ć ¾ò¤Éw{ýv ûvĀ£ ¹Ā{Ązć vÀåv ÿĉÈ Ùå¾Ċ¢ 

ñĊāwĈĉđw~ vĉü  ±ĀÖÅ ½¹ ĂýĀñ,++  ÿ,0+ ùĊöĈ÷¾ñ  ¾z

íĊ÷¾ñĀö ýĊôî æù ëw·Ċº  ¹¾z½wí wz Iôzwêù ½¹ )¹Āz,  ÿ-  ÷¾ñ

í ¾zĊ÷¾ñĀö EDTAý ¢Úöá IĊôî vĀă È¸zĈĉ ½ ÿĉĂÊ ¢{Æý 

 āÿ¾ñ ¾ă ºăwÉ Ăzĉw þÞù º³ ½¹Ĉć½v¹ â£ĊĊ¾  ÿ ¹¾îýĉw ĂzÕ½Ā 

þÞùĈć½v¹  Èăwíĉ¢åw $ óÿº«/½ ìÊ· û¿ÿ ûĀ¯ ÿ #ĉĂÊ 

 ÿÈ¸z vĀăĈĉ v ½¹ øăĉü £Ċwă½wú Ăz¡ºÉ ù I¹¾í ¢åvĊûvÀ 

ý ôí ¢Év¹¾zĊôî  ½¹ûvºöñ ¾ă v ½¹ĉü £Ċwă½wú  º³ ½¹

òúÊ¯Ċ¾ć v ºăwÉ Ăz ¢{Æýĉü āÿ¾ñwă Èăwí ĉ¢åw $ óÿº«

/Ăz )#½ĀÕ ĈĄzwÊùI ĉì  ¢Úöá ½ĀÒ³ ½¹ Ăí ¹v¹ ûwÊý ĂÞõwÖù

 øíEDTA $,*+ í ¾z ÷¾ñĊ÷¾ñĀöù #ĊûvÀ ý x¼« ôíĊIôî 

í ÿ ÷ÿ¾íù¹wĊ÷Ā ñ ½¹Ċāw  ó¹wÞù ûv¹¾òzw¤åj2.*+ ùĊöĈ÷¾ñ 

vÀåv wz wùv ¹ĀzĉÈ  ²ÖÅEDTA  Ăz.*+ í ½¹ ÷¾ñĊ÷¾ñĀö  Iëw·

ùĊûvÀ  Ăz ¡vÀöå ôí x¼«/+*+ ùĊöĈ÷¾ñ öê£Ċô ĉ¢åw 

$Turaut et al., 2004wz Ă¤{õv )#ĉº  Ăí ¢Év¹ Ă«Ā£Mđwú¤³v 

¢Úöá ĊĄzĂþ EDTA v¾zć ĂýĀñ ½¹ Àöå Üú¬£ćwă  ÿ äö¤¸ù

v ¾zÃwÅ v¾ÉĉÔ ¢Åv ¡ÿwæ¤ù ëw· JMĒ¨ù Ĉõw³½¹Ăí  ¢Úöá

,  ÷¾ñEDTA í ½¹Ċ÷¾ñĀö v ½¹ ëw·ĉü ý Üú¬£ ĂÞõwÖùĊôî 

½ ½¹ĉĂÊ vĀă È¸z ÿĈĉ vĉü úă ĂýĀñĊĂÊ½wĄz  wùv ¹v¹ Èăwí v½

úăĊü ý Üú¬£ ¢ÚöáĊôî  ĂýĀñ ÿ¹ ½¹Brassica juncea  ÿ

B. carinata òúÊ¯ º³ ½¹ v½Ċ¾ć vÀåvĉÈ ¹v¹ $Panwar 

et al., 2002 )#¡wí ÿ ü¯$ ¢ĉv½Chen and Cutrright, 

2001#  ¢Úöá ¹¾z½wí Ăí ºý¹¾í Ç½vÀñ øă0*+  ÷¾ñEDTA 

í ½¹Ċ÷¾ñĀö ý ¢Úöá Iëw·Ċôî ù¹wí ÿĊ÷Ā  ā½wÆ·wÉ ½¹ v½

vÀåv ûv¹¾òzw¤åjĉÈ ¹v¹ J¿ Èăwí ¦Ýwz ûĀ¯ wùvĉ¢Æā¹Ā£ ñĊāw 

ù IºÉĊûvÀ ôÍw³ ¿v Ăí$ Àöå ¢Év¹¾z ôíx¾Ñ ĉ¿¢Æā¹Ā£ 

ñĊāw ¾ñ ¾ă ½¹ Àöå ¢Úöá ½¹÷ ù Ă{Åw´ù ìÊ· ā¹wùĈ¹ĀÉ #

ñ ½¹Ċāw  )¹v¹ Èăwí v½ ûv¹¾òzw¤åjĈõw³½¹Ăí  ¾Ñw³ ĂÞõwÖù ½¹

vĉü  ¢ÚöáEDTAù IĊûvÀ ý ¢Év¹¾z ôíĊôî úă ½¹ĊĂÊ½wĄz 

vÀåv v½ĉÈ )¹v¹ 

Ăz½ĀÕ {õw«Ĉ w¤ýĉª vĉü ¢Úöá ½¹ Ăí ¹v¹ ûwÊý ÈăÿÂ~-

ćwă ,  ÿ-  ÷¾ñEDTA í ¾zĊ÷¾ñĀö ý ¢Úöá Iëw·Ċôî zwéô-

x¼« ½¹ ëw· ĉ¿¾ ñ ¢ÊíĊûwăw úăĊĂÊ½wĄz  º³ ½¹

òúÊ¯Ċ¾ć  ÈăwíĉĂ¤åw ¤³ )¢ÅvĈ ¢Úöá ½¹ / ÷¾ñ EDTA 

¾z íĊ÷¾ñĀö ă Ăí ëw·Ċ® ñĊăwĈ zj wùv ¹¾îý ºÉ½Ċ½wć ¹v Ăùv

ĉI¢åw ý ¢ÚöáĊôî ôzwéx¼« ½¹ ëw· Ăz½ĀÕ ĊòúÊ¯¾ć 

 Èăwíĉ¢åw $ óÿº«0)# 

 
 ر کیلوگرمدگرم  2، 1، 5/0، صفر) EDTA( و گرم در کیلوگرم خاکمیلی 150، 100، صفرنیکل ) های مختلفغلظت اثر .5جدول 

 در خاک جذبقابل نیکل بر غلظت (خاک

Table 5. The effect of different concentrations of nickel and EDTA on available Ni concentration in soil 

 افزوده به خاک نیکل غلظت  EDTA                          )1-kg g(EDTA levelسطوح

Inserted Ni to soil mg kg-1 4 2 1 0.5 0 
h0.52  h0.66  h0.74  h0.81  h0.99  0 
g48.86  f64.91  e75.73  de86.24  d81.41  100 

f67.5  c103.09  b120.97  a136.3  a130.39  150 

ĈþÞù ¡ÿwæ£ ¹Ā«ÿ ÷ºÝ üĊ{ù ûwÆîĉ ãÿ¾³ ówú¤³v ²ÖÅ ½¹ üîýv¹ ûĀù¿j è{Õ ¾z wă½wúĊ£ üĊz ½v¹0  ºÍ½¹¢Åv) 
The same letters indicate non-significant differences between treatments according to Duncan’s multiple range tests. 
 

 

ĉì v ½¹ Ăí ¢Åv ûj ówú¤³vĉü ¢ÚöáIwă EDTA  y«Āù

ý ûºÉ vº«Ċôî  ÿ āºÉ ëw· ¡v½» ¿vĉûĀćwă ýĊôî  Ï¾Þù ½¹

ĀÊzjĈĉ ¤ý ½¹ ÿ ëw· ¿v ÿ Ă¤å¾ñ ½v¾éĊĂ¬ ñ Ã¾¤Å¹ ¿vĊwā 

úă Ăz ÿ ¢Åv āºÉ ©½w·Ċü õ¹Ċô ùĊûvÀ v Üú¬£ ÿ ¢Úöáĉü 

ñ ½¹ ¾ÎþÝĊāw ¢Úöá ½¹ćwă ,  ÿ- ÷¾ñ EDTA  ÈăwíĉĂ¤åw 

$ ¢Åv óÿº«/ówú¤³v Ă¤{õv )# ¹ĉ¾ò  ½vºêù Èăwí Ăí ¢Åv ûj

ýĊôî ôzwéx¼«¤ý ¢Åv üîúù IĊĂ¬ {¨£ ¾§vĊ¢ ¿ĉ¤ÆĈ ĉw 

ÉĊúĊwĈĉ ÉwýĈ ý ôí ÿ ºÉwz ¡Ēí ½ĀÒ³ ¿vĊôî í ëw· Èăw

ýĊĂ¤åw ºÉwz Jv¾zwþzĉIü v ½¹ ûĀ¯ĉü ê´£Ċè ùĊûvÀ ýĊîô  ÿ

EDTA ā¿ ½¹xj ÿ ĊùûvÀ ýĊôî ¿Ā£ ÿ ûvºöñ ëw· ½¹ ôíĉÜ 



ĈĉwéjĀúÝ ÿ 5ûv½wîúă £v ¾§vĊüö ¹ćĊùjü ¤Åv v¾¤£Ċì ÅvĊº å¾Ù ÿ ºÉ½ ¾zĊ¢ ñĊāwĈĉđw~ ýĊôî ñ ½¹Ċāw úăĊĂÊ½wĄz .,0 

 

 

ýĊôî ½¹ È¸zwăć ā¿vºýv ëw· äö¤¸ùĊñ¾ć  I¢Åv āºÊý

úýĈûvĀ£ vÀåv ā½wz½¹ ĂýwÞÕwéĉÈ ĀÊzjĈĉ ¹v¹ ¾Úý Jê´£ wùvĊ¡wê 

¹ĉ¾ò ¾Ċ§m£ EDTA vÀåv ¾zĉÈ ĀÊzjĈĉ òþÅ ¡vÀöåĊü §v v½ ¡w{

 )¢Åv ā¹¾íw¤ýĉª ĂÞõwÖù ºýĀÆăwÉ ÿ ĈúĊăv¾zv $Ebrahimi 

and Shahsavand 2014å¾Þù øă #Ĉ  ¾§v Ăí ¹¾íEDTA 

ù ¾zĊûvÀ ĀÊzjĈĉ  ëw· ½¹ x¾Åĉw v Üú¬£ĉü ñ ½¹ ÀöåĊāw ½Āzĉ w

$Seripus maritimus L.É Ăz #ĊāĀ ¹¾z½wí EDTA øă 

ò¤ÆzĈ Ăz )¹½v¹ć½ĀÕĂí  ā¹wæ¤Åvĉì Ăö³¾ùvć EDTA 

Éÿ½ ĂzwÊù$Ĉ v ½¹ Ăíĉü ê´£Ċè Ăz½wí ā¹¾z āºÉ ¢Åv #ù¾¬þ 

Ăz ĉvÀåvÈ ĀÊzjĈĉ òþÅ ÀöåĊü  ¹¾z½wí wùv ºÉEDTA 

Ăz¡½ĀÍ Æê£øĊāºÉ  y«Āù IºÉ½ ā½ÿ¹ óĀÕ ½¹ Ă{£¾ù ºþ¯ ½¹

wă½Ĉĉ ºù¢ĉ¾ĉāºÉ  ûj Üú¬£ ÿ x¼« ¹Ā{Ąz ÿ ëw· ½¹ x¾Å

ñ ½¹Ċāw ½Āzĉw ¹¾ñĉº Jv¾zwþzĉIü w¤ý ÃwÅv ¾zĉª vĉü ́£êĊIè 

 ±ĀÖÅ ¹¾z½wíđwzć EDTA Ăz¡½ĀÍ ĉì Ăö³¾ùvć v¾zć 

vÀåvĉÈ å¾ÙĊ¢ ñĊāwĈĉđw~ ñĊāw úăĊĂÊ½wĄz ÍĀ£ĊĂ úýĈ¹ĀÉ) 

 
 

 

 

 

 نهایی گیرینتیجه

ÛĀú¬ù½¹ w¤ýĉª vĉü ê´£Ċè v Ăí ¹v¹ ûwÊýĉü úă ĂýĀñĊÊĂ½wĄz 

zĊÈ¿ÿºýv ýĊôî ýĊ¢Æ  ¢Úöá ¹¾z½wí wz wùv0*+  ÷¾ñEDTA 

í ½¹Ċ÷¾ñĀö ù ëw·ĈûvĀ£ å¾ÙĊ¢ ñĊāwĈĉđw~ vĉü ½ ĂýĀñ v

Āê£ĉ¢ v¾z ûj ¿v ÿ ¹¾íć đw~ĉÈ ëw· À{Åćwă ý Ăz ā¹ĀõjĊôî 

¹¾í ā¹wæ¤Åv J Ăz Ă«Ā£ wz wùv¾Ċ§m£ æþùĈ ¢Úöáćwă ,  ÿ-  ÷¾ñ

EDTA í ½¹Ċ÷¾ñĀö ý x¼« ¾z Iëw·Ċôî ¿ ÿĉ¢Æā¹Ā£ ñĊIāw 

wzĉº đwz ±ĀÖÅ ¹¾z½wí ¿vć EDTA Ăùwý¾z ½¹ćwă ñĊāwđw~Ĉĉ 

~ )¹ĀÉ xwþ¤«vĊ¹wĄþÊ ùĈ¹ĀÉ ºÞz ¡wÞõwÖù ½¹ćI ±ĀÖÅ ¾§v 

 ¿v ¾¤úí0*+  ÷¾ñEDTA í ½¹Ċ÷¾ñĀö Æê£ ÿ ëw·ĊÔ  ½¹ ûj

ñ ºÉ½ ā½ÿ¹ óĀÕ ½¹ Ăö³¾ù ºþ¯Ċāw å¾Ù ¾zĊ¢ ñĊāwĈĉđw~ vĉü 

ĂýĀñ úăĊĂÊ½wĄz Å½¾zĈ  ¾§v ÿ ¹ĀÉEDTA ¿Ā£ ¾zĉÜ  ¡vÀöå

òþÅĊü üÊív¾å ½¹ćwă ù ÿ ëw· äö¤¸ùĊûvÀ ĀÊzjĈĉ ûjwă 

Ċz¾¤Ê À¬£ĂĉôĊö´£ÿ )¹ĀÉ 

 

 و تشکر ریتقد
ºzüĉĂöĊÅÿ v¾z ¹¾í¾ĄÉ āwòÊýv¹ ¿vć ¤Ê~Ċýw{Ĉ õwùĈ  ½¹ ÿ

¤·vĊ½w wÅ ÿ Ăýw¸öñ ü¤Év¼ñĉ¾ Ą¬£Ċ¡vÀ v¾zć v¾«vć öúÝĊ¡w 

wù¿jĉăwòÊĈ ºê£ĉ¾ ùĈ¹ĀÉ) 
 

 منابع

 Ali, S.Y., Chaudhury, S., 2016. EDTA- 

enhanced phytoremediation by Tagetes spp. 

and effect on bioconcentration and 

translocation of heavy metals. Environmental 

Processes. 3, 735-746. 
https://doi.org/10.1007/s40710-016-0180-0 

Ali, H., Khan, E., Sajad, M.A., 2013. 

Phytoremediation of heavy metals—Concepts 

and applications. Chemosphere. 91, 869-881. 

https://doi.org/10.1016/j.chemosphere.2013.01

.075 

Amooaghaie, R., Zangene-madar, F., Enteshari, 

Sh., 2017. Role of two-sided crosstalk between 

NO and H2S on improvement of mineral 

homeostasis and antioxidative defense in 

Sesamum indicum under lead stress. 

Ecotoxicology and Environmental Safety. 139, 

210-218. 
https://doi.org/10.1016/j.ecoenv.2017.01.037 

 Bareen, F., Rafiq, K., Shafiq, M., Nazir, A., 

2019. Uptake and leaching of Cu, Cd, and Cr 

after EDTA application in sand columns using 

sorghum and pearl millet. Polish Journal of 

Environmental Study. 28, 2065–2077 
https://doi.org/10.15244/pjoes/84834 

Bian, X., Cui, J., Tang, B., Yang, L. 2018 

Chelant-induced phytoextraction of heavy 

metals from contaminated soils: A review. 

Polish Journal of Environmental Study. 27, 

2417–2424. 
https://doi.org/10.15244/pjoes/81207 

Chen, H., Cutrright, T., 2001. EDTA and 

HEDTA effects on Cd2+, Cr2+ and Ni2+ uptake 

by Helianthus annus. Chemosphere. 45, 21-28. 
https://doi.org/10.1016/s0045-6535(01)00031-

5 

Ebrahimi, M., Shahsavand, F., 2014. EDTA 

Enhanced phytoextraction capacity of Scirpus 

maritimus L. grown on Pb-Cr contaminated 

soil and associated potential leaching risks. 

International Journal of Scientific Research in 

Environmental Sciences. 2, 379-388. 

https://doi.org/10.1016/S0045-

6535(01)00031-5 

Eissa, M. A., Ghoneim. M. F., El- Gharably, G. 

A., El-Razek, M., 2014. Phytoextraction of 

nickel, lead and cadmium from metals 

https://doi.org/10.1007/s40710-016-0180-0
https://doi.org/10.1016/j.chemosphere.2013.01.075
https://doi.org/10.1016/j.chemosphere.2013.01.075
https://doi.org/10.1016/j.ecoenv.2017.01.037
https://doi.org/10.15244/pjoes/84834
https://doi.org/10.15244/pjoes/81207
https://doi.org/10.1016/s0045-6535(01)00031-5
https://doi.org/10.1016/s0045-6535(01)00031-5
https://doi.org/10.1016/S0045-6535(01)00031-5
https://doi.org/10.1016/S0045-6535(01)00031-5


.,1 Èþ£wăĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć ºö« I,2 I£ ûw¤Æzw,/+. 

 

contaminated soils using different field crops 

and EDTA. World Applied Sciences Journal. 

32, 1045-1052 
https://doi.org/10.5829/idosi.wasj.2014.32.06.

912 

Gee, G.W., Bauder J.W., 1986. Partical size 

analysis. In: A. Klute (ed.), Methods of Soil 

Analysis. Part 1. ASA and SSSA, Madison, WI. 

p. 383-411. 

Hart, G., Koether, M., McElroy, T, Greipsson, S., 

2022. Evaluation of chelating agents used in 

phytoextraction by switchgrass of lead 

contaminated soil. Plants. 11, 1012. 

https://doi.org/10.3390/plants11081012 

Hassan, M.U., Chattha, M.U., Khan, I. Chattha, 

M.B., Aamer, M., Nawaz, M., Ali, A. Khan, M. 

A. U., Khan, T. A., 2019. Nickel toxicity in 

plants: reasons, toxic effects, tolerance 

mechanisms, and remediation possibilities—a 

review. Environmental Science and Pollution 

Research. 26, 12673–12688.  

https://doi.org/10.1007/s11356-019-04892-x  

Heath, R.L., Packer, L., 1968. Photoperoxidation 

in isolated chloroplasts. I. Kinetics and 

stoichiometry of fatty acid and peroxidation. 

Archive of Biochemistry and Biophysics. 125, 

189–198.  https://doi.org/10.1016/0003-

9861(68)90654-1 

Heidari, J., Amooaghaie, R., Kiani, S., 2020. 

Impact of chitosan on nickel bioavailability in 

soil, the accumulation and tolerance of nickel 

in Calendula tripterocarpa. International 

Journal of Phytoremediation 22, 1175–1184 

https://doi.org/10.1080/15226514.2020.17485

64 

Hernández-Allica, J., Garbisu, C., Barrutia, O., 

Becerril, J. M., 2007. EDTA-induced heavy 

metal accumulation and phytotoxicity in 

cardoon plants. Environmental and 

Experimental Botany. 60, 26–32. 
https://doi.org/10.1016/j.envexpbot.2006.06.0

06 

Jean, L., Bordas, F., Gautier-Moussard, C., 

Verhay, P. Hitmi, A., Bollinger, J. C., 2008. 

Effect of citric acid and EDTA on chromium 

and nickel uptake and translocation by Dature 

innoxia. Environmental Pollution. 15, 555-563.  
https://doi.org/10.1016/j.envpol.2007.09.013 

Krujatz, F., 2012. Assessing the toxic effects of 

nickel, cadmium and EDTA on growth of the 

plant growth-promoting rhizobacterium 

Pseudomonas brassicacearum. Water, Air and 

Soil Pollution. 223, 1281–1293. 
https://doi.org/10.1007/s11270-011-0944-0 

Knudsen, D., Peterson, G.A., Partt, P.F., 1982. 

Lithium, sodium, and potassium. In: A.L. Page 

A.L. Page, P.A. Helmke, R.H. Loeppert, P. N. 

Soltanpour, M. A. Tabatabai, C. T. 

Johnston, M. E. Sumner (eds.) Methods of Soil 

Analysis. Part 2. ASA and SSSA, Madison, WI. 

p. 225–246.  
https://doi.org/10.2134/agronmonogr9.2.2ed.c

13 

Kaur, L., Sharma, S., Gadgil, K., 2019. Response 

of Indian mustard (Brassica juncea arawali) 

plants under nickel stress with special reference 

to nickel phytoextraction potential. EQA - 

International Journal of Environmental 

Quality. 34, 17–33.  

https://doi.org/10.6092/issn.2281-4485/8528 

Lichtenthaler, H.K., 1987. Chlorophylls and 

carotenoids: pigments of photosynthetic 

biomembranes. Methods in Enzymology 148, 

350–382. https://doi.org/10.1016/0076-

6879(87)48036-1 

Lindsay, W.L., Norvell, W.A. 1978. 

Development of a DTPA soil test for zinc, iron, 

manganese, and copper. Soil Science Society of 

America Journal 42, 421–428.  
https://doi.org/10.2136/sssaj1978.0361599500

4200030009x 

Mahar, A., Wang, P., Ali, A., Awasthi, M.K., 

Lahori, A.H., Wang, Q., Li, R., Zhang, Z., 

2016. Challenges and opportunities in the 

phytoremediation of heavy metals 

contaminated soils: a review. Ecotoxicology 

and Environmental Safety. 126, 111–121.  
https://doi.org/10.1016/j.ecoenv.2015.12.023  

Mohammadpour, G.H., Karbassi, A., Baghvand, 

A., 2016. Pollution intensity of nickel in 

agricultural soil of Hamedan region. Caspian 

Journal of Environment Science 14, 15.24 

Mulvaney, R.L., 1996. Nitrogen–inorganic 

forms. In: D.L. Sparks, A.L. Page, P.A. 

Helmke, R.H. Loeppert, P. N. Soltanpour, M. 

A. Tabatabai, C. T. Johnston, M. E. Sumner 

(eds.) Methods of Soil Analysis. Part 3. SSSA 

and ASA, Madison, WI. p. 1123–1184. 
https://doi.org/10.2134/agronmonogr9.2.2ed.c

13 

Nabaei, M., Amooaghaie, R., 2020. Melatonin 

and nitric oxide enhance cadmium tolerance 

and phytoremediation efficiency in 

Catharanthus roseus L. G. Don. Environmental 

Science and Pollution Research. 27, 6981–

https://doi.org/10.5829/idosi.wasj.2014.32.06.912
https://doi.org/10.5829/idosi.wasj.2014.32.06.912
https://doi.org/10.3390/plants11081012
https://doi.org/10.1007/s11356-019-04892-x
https://doi.org/10.1007/s11356-019-04892-x
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1080/15226514.2020.1748564
https://doi.org/10.1080/15226514.2020.1748564
https://doi.org/10.1016/j.envexpbot.2006.06.006
https://doi.org/10.1016/j.envexpbot.2006.06.006
https://doi.org/10.1016/j.envpol.2007.09.013
https://doi.org/10.1007/s11270-011-0944-0
https://acsess.onlinelibrary.wiley.com/authored-by/Page/A.L.
https://acsess.onlinelibrary.wiley.com/authored-by/Helmke/P.A.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Soltanpour/P.+N.
https://acsess.onlinelibrary.wiley.com/authored-by/Soltanpour/P.+N.
https://acsess.onlinelibrary.wiley.com/authored-by/Tabatabai/M.+A.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Sumner/M.+E.
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.6092/issn.2281-4485/8528
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://doi.org/10.1016/j.ecoenv.2015.12.023
https://acsess.onlinelibrary.wiley.com/authored-by/Page/A.L.
https://acsess.onlinelibrary.wiley.com/authored-by/Helmke/P.A.
https://acsess.onlinelibrary.wiley.com/authored-by/Helmke/P.A.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Soltanpour/P.+N.
https://acsess.onlinelibrary.wiley.com/authored-by/Tabatabai/M.+A.
https://acsess.onlinelibrary.wiley.com/authored-by/Tabatabai/M.+A.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Sumner/M.+E.
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.2134/agronmonogr9.2.2ed.c13


ĈĉwéjĀúÝ ÿ 5ûv½wîúă £v ¾§vĊüö ¹ćĊùjü ¤Åv v¾¤£Ċì ÅvĊº å¾Ù ÿ ºÉ½ ¾zĊ¢ ñĊāwĈĉđw~ ýĊôî ñ ½¹Ċāw úăĊĂÊ½wĄz .,2 

 

 

6994.  https://doi.org/10.1007/s11356-019-

07283-4 

Nazmul Huda, A. K. M., Hossain, M., Mukta, 

R.H., Khatun, M. R., Haque, Md. A., 2021. 

EDTA-enhanced Cr detoxification and its 

potential toxicity in rice (Oryza sativa L.). Plant 

Stress. 2, 100014  https://doi.org/10.1016/ 

j.stress.2021.100014 

Nelson, D.W., Sommers L.E., 1996. Total 

carbon, organic carbon, and organic matter. In: 

D.L. Sparks A.L. Page, P.A. Helmke, R.H. 

Loeppert, P. N. Soltanpour, M. A. Tabatabai, C. 

T. Johnston, M. E. Sumner (eds.) Methods of 

Soil Analysis. Part 3. SSSA and ASA, 

Madison, WI. p. 961–1010. 
https://doi.org/10.2134/agronmonogr9.2.2ed.c

13 

Olsen, S.R., Sommers, L.E., 1982. Phosphorus. 

In: A.L. Page A.L. Page, P.A. Helmke, R.H. 

Loeppert, P. N. Soltanpour, M. A. Tabatabai, C. 

T. Johnston, M. E. Sumner (eds.) Methods of 

Soil Analysis. Part 2. ASA and SSSA, 

Madison, WI. p. 403–430. 
https://doi.org/10.2134/agronmonogr9.2.2ed.c

13 

Panwar, B. S., Ahmed, K. S., Miltal, S. B., 2002. 

Phytoremediation of nickel- contaminated soils 

by Brassica species. Environment, 

Development and Sustainability. 4, 1-6. 
https://doi.org/10.1023/A:1016337132370 

Rhodes, J.D., 1996. Salinity: electrical 

conductivity and total dissolved solids. In: D.L. 

Sparks A.L. Page, P.A. Helmke, R.H. 

Loeppert, P. N. Soltanpour, M. A. Tabatabai, C. 

T. Johnston, M. E. Sumner (eds.) Methods of 

Soil Analysis. Part 3. SSSA and ASA, 

Madison, WI. p. 417-435. 

https://doi.org/10.2134/agronmonogr9.2.2ed.c

13 

Saffari, V.R., Saffari, M., 2020. Effects of 

EDTA, citric acid, and tartaric acid application 

on growth, phytoremediation potential, and 

antioxidant response of Calendula officinalis L. 

in a cadmium-spiked calcareous soil, 

International Journal of Phytoremediation,  

https://doi.org/10.1080/15226514.2020.17547

58 

Sekabira, K., Oryem-Origa, H., Basamba, T.A., 

Mutumba, G., Kakudidi, E., 2010. Assessment 

of heavy metal pollution in the urban stream 

sediments and its tributaries. International 

Journal of Environmental Science and 

Technology. 7, 435–446.  

https://doi.org/10.1007/BF03326153 

Shahid, M., Austruy, A., Echevarria, G., Arshad, 

M., Sanaullah, M., Aslam, M., Nadeem, M., 

Nasim, W. Dumat, C., 2014. EDTA-enhanced 

phytoremediation of heavy metals: a review. 

Soil and Sediment Contamination 23, 389–416. 
https://doi.org/10.1080/15320383.2014.83102

9 

Tariq, S. R., Ashraf, A., 2016. Comparative 

evaluation of phytoremediation of metal 

contaminated soil of firing range by four 

different plant species. Arabian Journal of 

Chemistry. 9, 806-814. 
https://doi.org/10.1016/j.arabjc.2013.09.024 

Tashakori zadeh, M., Alizadeh, M., 2019. Effect 

of ethylene diamine tetra acetic acids on 

morphological characteristics and 

phytoremediation capacity of Indian mustard 

(Brassica juncea L) in nickel contaminated 

soil. Human and Environment. 17, 15-24 [In 

Persian]. 
https://dorl.net/dor/20.1001.1.15625532.1398.

17.3.2.4 

Tipu, M.I., Ashraf, M.Y., Sarwar, N., Akhtar, M., 

Shaheen, M.R., Ali, S., Damalas, C.A., 2021. 

Growth and Physiology of Maize (Zea mays L.) 

in a nickel-contaminated soil and 

phytoremediation efficiency using EDTA. 

Journal of Plant Growth Regulation 40, 774-

786. https://doi.org/10.1007/s00344-020-

10132-1 

Thomas, G.W., 1996. Soil pH and soil acidity. In: 

D.L. Sparks, A.L. Page, P.A. Helmke, R.H. 

Loeppert, P. N. Soltanpour, M. A. Tabatabai, C. 

T. Johnston, M. E. Sumner (eds.) Methods of 

Soil Analysis. Part 3. SSSA and ASA, 

Madison, WI. p. 475-490. 

https://doi.org/10.2134/agronmonogr9.2.2ed.c

13 

 Tohidi, Sh., Gholamalizadeh, A., Asgharipour, 

M., Naghavi, H., 2019. The effect of EDTA and 

ammonium molybdate on increasing 

bioavailability efficiency and decreasing lead 

tension by corn. Environmental Stresses in 

Crop Science. [In Persian].  

https://doi.org/10.22077/escs.2019.1421.1310  

Turaut, C., Katie, P., Cutright, T. J., 2004. The 

effect of EDTA and cytric acid on 

phytoremediation of cd, Cr and Ni from soil 

using Helianthus annuus. Environmental 

Pollution. 13, 147-154 
https://doi.org/10.1016/j.envpol.2004.01.017 

https://doi.org/10.1007/s11356-019-07283-4
https://doi.org/10.1007/s11356-019-07283-4
https://doi.org/10.1016/%20j.stress.2021.100014
https://doi.org/10.1016/%20j.stress.2021.100014
https://acsess.onlinelibrary.wiley.com/authored-by/Page/A.L.
https://acsess.onlinelibrary.wiley.com/authored-by/Helmke/P.A.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Soltanpour/P.+N.
https://acsess.onlinelibrary.wiley.com/authored-by/Tabatabai/M.+A.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Sumner/M.+E.
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://acsess.onlinelibrary.wiley.com/authored-by/Page/A.L.
https://acsess.onlinelibrary.wiley.com/authored-by/Helmke/P.A.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Soltanpour/P.+N.
https://acsess.onlinelibrary.wiley.com/authored-by/Tabatabai/M.+A.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Sumner/M.+E.
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.1023/A:1016337132370
https://acsess.onlinelibrary.wiley.com/authored-by/Page/A.L.
https://acsess.onlinelibrary.wiley.com/authored-by/Helmke/P.A.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Soltanpour/P.+N.
https://acsess.onlinelibrary.wiley.com/authored-by/Tabatabai/M.+A.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Sumner/M.+E.
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.1080/15226514.2020.1754758
https://doi.org/10.1080/15226514.2020.1754758
https://doi.org/10.1007/BF03326153
https://doi.org/10.1080/15320383.2014.831029
https://doi.org/10.1080/15320383.2014.831029
https://doi.org/10.1016/j.arabjc.2013.09.024
https://dorl.net/dor/20.1001.1.15625532.1398.17.3.2.4
https://dorl.net/dor/20.1001.1.15625532.1398.17.3.2.4
https://doi.org/10.1007/s00344-020-10132-1
https://doi.org/10.1007/s00344-020-10132-1
https://acsess.onlinelibrary.wiley.com/authored-by/Page/A.L.
https://acsess.onlinelibrary.wiley.com/authored-by/Helmke/P.A.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Loeppert/R.H.
https://acsess.onlinelibrary.wiley.com/authored-by/Soltanpour/P.+N.
https://acsess.onlinelibrary.wiley.com/authored-by/Tabatabai/M.+A.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Johnston/C.+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Sumner/M.+E.
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.2134/agronmonogr9.2.2ed.c13
https://doi.org/10.22077/escs.2019.1421.1310
https://doi.org/10.1016/j.envpol.2004.01.017


.,3 Èþ£wăĈÝv½¿ ÷ĀöÝ ½¹ ĈÖĊ´ù ć ºö« I,2 I£ ûw¤Æzw,/+. 

 

Valivand, M., Amooaghaie, R., 2021. Foliar 

spray with sodium hydrosulfide and calcium 

chloride advances dynamic of critical elements 

and efficiency of nitrogen metabolism in 

Cucurbita pepo L. under nickel stress. Scientia 

Horticulturea (Amsterdam) 283,110052  
https://doi.org/10.1016/j.scienta.2021.110052 

Vischetti, C., Marini, E., Casucci, C., De 

Bernardi, A., 2022. Nickel in the environment: 

Bioremediation techniques for soils with low or 

moderate contamination in European Union. 

Environments 9, 133. 

https://doi.org/10.3390/environments9100133 

Zhang, X.,  Zhong, B.,  Shafi , M.,  Guo, J.,  Liu, 

C.,  Guo, H.,  Peng, D., Wang, Y.,  Liu, D., 

2018. Effect of EDTA and citric acid on 

absorption of heavy metals and growth of Moso 

bamboo. Environmental Science and Pollution 

Research. 25, 18846-18852.  

https://doi.org/10.1007/s11356-018-2040-0

   

https://doi.org/10.1016/j.scienta.2021.110052
https://doi.org/10.3390/environments9100133
https://doi.org/10.1007/s11356-018-2040-0

