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Table 1- Some physical and chemical characteristics of the used soil

39 o o i
Property Amount/difinition
<l b o P
Soil textural class Sandy clay loam
el 7.6
pH
()"“’ bd ()‘W)Lf‘m) 81*-“" °)L“; UQ)_.SJI wL\Jb “"""U‘E 2.15
EC (ds.m™?)
ke 13
Organic matter
(pS9kS ) pS ko) | 2 (5 63k (65 0 lae LB (2l 51
DTPA extractable Fe (mg.kg?)
(sl p S ko) It & ool o5 oslas LB 13
DTPA extractable Zn (mg.kg™)
(Sl p S o) I ot 5 ool 65 oylas LB e 0.6
DTPA extractable Cu (mg.kg™t)
(pSokS 5 p S ko) | 2 5 (63l 555 0jlas S 55 3

DTPA extractable Mn (mg.kg1))
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1- Biological Accumulation Coefficient
2- Uptake Index
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Table 2- Results of ANOVA of effect of surfactant, plant growth regulators and interactions on some measured

parameters
Ol pdS 2alio COUS g by (SLBONS puliid KV PP LY XWLIPONE STt WL JYWW) Uns
Source of Surfactant* Growth Error
Surfactant  Growth regulators
changes regulators
@Il 24
Degree of 2 3 6
freedom
s 0.301
o) 453" 10.9" 6.43"
Dry matter
~lale 115
P _ 180™ 85.4™ 70.8™
Cr concentration
ol 265
P 22475™ 5347 3108™
Cr uptake
-] clale 179612
ool _ 17284348™ 1049134 850020
Fe concentration
(e g 0.459
Biological 7.21™ 3.42™ 2.83™
accumulation
coefficient
O BRY ol I . xx . 5.82
by xSk P35 ix adld 493 117 68.2
Mean squars Cr uptake index
yJ Ol - 2072669
s 57138 11816020 4010539
Fe uptake
PSR 170
pa clle 856" 689" 849™
Mn concentration
g L 2155
i ol 127634™ 57820 32304
Mn uptake
Ll 144
o . 3489™ 500" 948"
Cu concentration
ol 865
o 7426™ 6427 1911
Cu uptake
SR 288
92 _ 18465 347 639
Zn concentration
il x e . 1069
90 8917 9359 3163
Zn uptake

S0y O gaw 3 Jhliee * )3 Y pdaww j3 loliee **
“Significant at 1%, “Significant at 5%

(U5 35 0)5) (s2lg2 PIWl Suid (459 0 Wby (SLOULS alasd 9 CIlSE o Zobaw W1 =T Joua
Table 3- Influence of surfactant levels and plant growth regulators on shoot dry weight (g.pot)

(225945 53 Jgo shuo) COUSE gu sals Sl S g Sl Sianr] Jguiy gl b3 Ry
Surfactant (mmol.kg™?) Control  Gibberellic acid  Indole acetic acid  Benzyl amino purine  Mean
0 0.717cd 0.750cd 0.883cd 0.883cd 0.808C
25 0.550d 1.88c 1.35c¢d 1.42cd 1.30B
5 0.557d 6.28a 6.53a 4.18b 4.39A
0ls 0.611C 2.97A 2.92A 2.16B
Mean

s H1 gme S 9051 53 (gylol sl dias poliie Cgys (clls a5 (oolael Cad) g gt 4
Means followed by the same letter are not significantly different by Duncan,s multiple range test.



AR Coligusd )l — (32959,8 ) o los FF alor S g T 4,25 VP

slgr @Il (OIS 45 0,59 ,500) 09,5 i 5 (@ S9kS 15 0,5 o) Al 3 ) (SLroiiS il g CSUSS yg goban 51 -€ Jgir
Table 4- Influence of surfactant levels and plant growth regulators on shoot’s Chromium concentration (mg.kg*) and

uptake (ug.pot?)
3 . ‘Uﬁ . . 1 s
Ppcke) g el S g ool B g
(554 Control Glbbe_relhc Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg™) acid purine
pgyS clale 0 9.9¢c 14.2bc 20.6ab 9.5¢ 13.6B
- _ 2.5 20.9ab 20.5ab 18.9ab 24.1a 21.1A
(P35S > pScdke) 5 9.4c 19.6ab 21.6a 24.9a 18.8A
Cr concentration Sl
mg.kgt i 13.4B 18.1A 20.3A 19.5A
Mean
0 7.33c 10.6¢ 17.4¢c 8.17c 10.9C
posS ol 25 12.0c 37.6¢ 25.5¢ 33.5¢ 27.2B
(5 )3 p55,5es) | ?LA 5.17¢c 122ab 143a 100b 96.2A
Cr uptake o 8.18 56.9A 61.9A 473A
(ug.pot?) Mean

i I3 xe SIS 0] 50 (olal a5l aen polie g (hyls &S ool sy g gy 5
Means followed by the same letter are not significantly different by Duncan,s multiple range test.

4o bgrpe ol (adlS (a8 g D ol )3 pg S o eSS
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505 i sl sl imd s i sl sl oS
548y gloodiiS @ L b Joao 4 drgh b conl S ) S
i g ld (S0l o ine Gl el ColSE)gm oo
o ole gle g (ol oad aald (0o 4 Sl p9)S
Okl 63 3l olitul i 4 69y 9 oy ST 3 b, b)lS
el oad CowgraS 395 5 (DTPA) sl Kool bty oyuel (65
e 35 5 oyl ol 5 (St 38l (sl 2l

(YY) 29

£35S (Ul) pia padld 5 (BAC) Huw) paad cu pud
9 3y SaodllS wlali (SS9 uibly 455 s Bib
0a3ld g ) qe8 eyt g 2oy S ) gl Blize
e i 0 Joo illas (Y o) 51 4 Sl pgyS Ol
Csl CiliSE )0 p)SokS p Jgaiden 89 VD aw (357 43L2)
228 oyt ke (o) YA 5 OO iy 4 b me yiul38l
by slaod S pu el 0,5 LSl b oo Cowl 0dd (S
Sdisine il bl (1 Silee 4oy G () @o38 o pd
sl Sl Jpis) by oS a5 LSy ] 0 ol
Orpde Gel p)SolS 5> ColiSEy0m Jgo e @y SB35
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Table 5- Influence of surfactant levels and plant growth regulators on Chromium’s biological accumulation coefficient
and uptake index

2 Jgo o) LSS ygu

Sant] Sy Sl Sl Jgutiy! Otogionel Sy R

ol
(P’s*s Control G|bbe_reII|c Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg%) acid purine
e} g e 0 2.00¢ 2.85b0 4.11ab 1.89¢ 2718
Biological 25 4.18ab 4.10ab 3.78ab 4.82a 4.22A
accumulation 5 1.88¢c 3.91ab 4.31a 4.97a 3.77A
coefficient Ol 2,698 3.62A 4.07A 3.90A
Mean
Gl adls 0 1.09¢c 1.57c 2.58¢c 1.21c 1.61C
Uptake index 25 1.77c 5.57c 3.78¢ 4.97¢ 4,028
5 0.77¢c 18.1ab 21.2a 14.80b 13.71A
ol 121B 8.43A 9.18A 7.00A
Mean

Ak I3 me SIS 903l 53 (oylol Jas I dn gplie Gy (sl &S oolael Cudy g g by

Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 6- Influence of surfactant levels and plant growth regulators on shoot’s Iron concentration (mg.kg) and uptake

(1g.pot™)
’ Jﬂ:‘ﬁ),w S B R e R N N I s S A
(P’s*s Control G|bbe_reII|c Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg) acid purine
)5 o) ol clale 0 2062cd 2702bc 3171b 3961a 2974A
5 1 25 1574de 2552hc 1660d 1606de 1848B
PAFS 2 5 395f 456f 532f 918ef 575C
Fe concentration .
(mg.kg™) oSk 13448 1903A 1788A 2161A
Mean
oS 9y5s) copl i 0 1465b-d 2002b-d 2710a-d 3532a-c 2427A
(ol 25 827cd 5027a 1944b-d 2253b-d 2513A
i 5 200d 2870a-d 3391a-c 3793ab 2564A
Fe uptake j
(ug.pot™) 05k 831B 3300A 2682A 3193A
Mean

i I3 me SIS 903l 53 (oylol i I An gplie Gy (sl &8 oolael Caudy g g by

Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 7- Influence of surfactant levels and plant growth regulators on shoot’s Manganese concentration (mg.kg™?) and
uptake (ug.pot?)

Jgo ) IS5 90 ey spsorsiasl o
(05948 Ly IR ) Sl Jgany] ORISR Sl
- Control Gibberellic Indole acetic acid Benzyl amino Mean
(f#ggﬁ%”f) acid purine
- e et 0 74.3ab 48.7b-d 58.3b-d 69.6ab 62.7A
F;“L"A)/’&m 2.5 63.5hc 91.4a 69.2ab 41.9cd 66.5A
(pySoks »» 5 41.2cd 69.9ab 55.9b-d 34.4d 50.3B
Mn concentration Silee
(mg.kg) M i 48.6AB 70.0A 61.2AB 48.6B
. ean
P59 Sue) ie i 0 51.9cd 36.0d 47.3d 58.5¢d 48.4C
(a5 5 25 35.0d 170b 93.7b-d 57.6¢d 89.2B
MU t)k 5 25.5d 437a 370a 142bc 244A
n uptake o
(ug.pot™) K‘i‘“‘ 37.5C 214A 170A 86.0B
ean
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Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 8- Influence of surfactant levels and plant growth regulators on shoot’s Copper concentration (mg.kg™) and uptake

(Hg.pot™)
Pele) SR IS g o R g
(ﬁ’s’lﬁs Control G|bbe_reII|c Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg™) acid purine
- e 0 32.6b 31.9b 62.6a 69.1a 49.1B
k) omo 25 60.2a 65.4a 63.1a 62.3a 62.8A
(pSsks 5 5 55.6a 14.3b 12.0b 33.4b 28.9C
Cu concentration 55
(Mg kg “I\’/’I'Se“; 49.5AB 37.28 45.9ab 55.0A
oS ,5a0) Lo i 0 26.5cd 23.6d 53.4b-d 58.0b-d 40.4B
(5 5> 2.5 34.8b-d 125a 85.3a-d 88.1a-c 83.3A
=) 5 32.0b-d 90.9ab 78.6a-d 133a 83.6A
Cu uptake il
(Mg.pot™?) ok 31.1B 79.8A 72.4A 93.1A
Mean
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Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 9- Influence of surfactant levels and plant growth regulators on shoot’s Zinc concentration (mg.kg™) and uptake

(1g.pot™)
Ppe) S IS g o R
(ﬁ’s’lﬁs Control G|bbe_reII|c Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg™) acid purine
) o 0 94.9a 95.2a 88.2ab 102a 94.8A
» e;gt.«»z 9 calé 25 84.9ab 106a 88.3ab 107a 96.8A
(PSS 5 56.8b 18.9¢ 17.0c 19.2¢ 27.9B
Zn concentration 05k 78.8A 73.5A 64.5A 76.1A
(mg-kg_l) Mean ' ’ ’ '
> oS ySee) N 0 68.6c-e 69.1c-e 73.4c-e 89.9b-e 75.3B
P p595e) S o5 25 48.6de 190a 116b-d 151ab 126A
(oW 5 32.6e 118bc 111b-d 77.0c-e 84.7B
Zn uptake (pg.pot? <
ptake (g.pot™) Ll\iai 49.9B 125A 100A 106A
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Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Introduction: Chromium (Cr) is one of the toxic metals widely used in leather tanning, alloy preparation,
electroplating, drilling mud, refractory steel and catalytic manufacture. Besides the toxicity of chromium to
human, it also disturbs the soil ecology and plant growth due to its toxic nature even at low concentration.
Phytoremediation is effective and can be viewed as a relatively low cost, solar energy driven process for the
management of contaminated soils. Hiwever the heavy metal toxicity adversely affects the plant growth and
development. We can use some chemical compounds to increase plant resistance to heavy metal and increase the
efficiency of phytoremediation. These days, foliar application of plant growth regulators such as Gibberelic acid
Indole acetic acid and Benzyl amino purine are considered for various purposes such as enhancing plant growth
and resistance to salinity, drought and heavy metals. Exogenous application of phytohormones can modulate the
toxicity of Cr on plants most probably by maintaining hormonal balance of plant under metal stress. surfactants
effectively enhance metal ion transfer to aqueous and hence increase their availability. Assessing surfactant
assisted phytoremediation is important in order to ascertain the extent of its effectiveness under different
conditions and to find its optimum level for metal phytoremediation. The application of plant growth regulators
and surfactants can be an effective way to cope with stresses such as heavy metal contamination. The objectives
of this study were to determine the effects of the growth hormones Gibberelic acid, Benzyl amino purine and
Indole acetic acid alone and combined with surfactant on plant growth, concentration and uptake of Cr, Fe, Mn,
Cu and Zn and some phytoremediation factor for Cr.

Material and Methods: The soil was air-dried and grounded to pass through a 2-mm sieve then was
analyzed to determine various soil physic-chemical properties using standard methods. A greenhouse experiment
was conducted in a completely randomized design with a factorial arrangement of 3 x 4 including three levels of
surfactant (control, 2.5 and 5 mmol kg™ soil) and four levels of plant growth regulators (control, Gibberellic
acid, Indole acetic acid and Benzyl amino purine). All soils were contaminated by 5 mg/kg chromium and
incubated for 1 month. During incubation, the soil samples were maintained at field capacity by distilled water.
Safflower (Cartamus tinctorius L.) seeds were disinfested with 10% sodium hypochlorite, washed three time
with distilled water and planted in the pots. Growth regulators were sprayed at three stage of 30, 20 and 40 days
after planting at concentration of 1 mM. The plants were kept in the standard condition of greenhouse and the
soil moisture content was maintained at field capacity by distilled water. Sixty days after planting, the plants
were harvested and washed with distilled water, and then dried in oven at 65 Celsius until they reached a
constant weight. Afterwards, the over-dried plant samples were grounded. Then dry ashing and extracting with 2
normal hydrochloric acid, the concentration of Cr, Fe, Zn, Cu and Mn in shoot was determined by atomic
absorption (Shimadzu AA-670). The analysis of variance (ANOVA) was performed using a completely
randomized design. Significantly different treatment means were separated using Duncan test (P < 0.05).
Biological accumulation coefficient (BAC) and uptake index (Ul) were calculated with a specific formula.

Results and Discussion: The results showed that addition of surfactant and growth regulators caused a
significant increase in shoot dry weight, biological accumulation coefficient, uptake index and chromium
concentration and uptake. Addition of surfactant reduced the concentration and uptake of iron in the absence of
growth regulators, but in the presence of plant growth regulators, application of tween 80 increased iron
concentrations. Application of 5 mmol kgof surfactant decreased mean concentration of manganese, copper and
zinc. While addition of 2.5 mmol kg™ of surfactant increased metals concentrations. Although addition of 5
mmol kg* surfactant increased dry weight, it did not have a satisfied effect on increasing the concentration of the

1 and 2- Ph.D. Student and Associate Professor, Department of Soil Science, College of Agriculture, Shiraz University,
Shiraz, Iran, respectively.

(*- Corresponding Author Email: ghasemif@gmail.com)

DOI: 10.22067/jsw.v34i2.81521



\2Y ’as)Sd.gao,lTJB)a&ﬁaLjﬁdLﬁ)wgﬂ)ébaMW'"“?}3}”

elements in the plant. Plant growth regulators increased uptake of elements which is a protective mechanism
against stresses.

Conclusion: It appears that using plant growth regulators increased the resistance of the plant to chromium
toxicity probably through increasing absorption of the elements such as Fe, Mn, Cu and Zn. According to the
results, application of tween 80 along with plant growth regulators could increase safflower capability to cope
with chromium toxicity.

Keywords: Benzyl amino purine, Indole acetic acid, Gibberellic acid; Micro nutrient, Tween 80



