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Reducing the toxic effects of Chromium in the growing medium of
costmary (7Tanacetum balsamita) by means of chromium purifying
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Abstract. Bioremediation is a promising strategy to reduce the concentration of heavy metals that their increase in the soil was
the result of the development of industries and factories in the area, threatening the environment and human health. To investigate
the effect of the heavy metal chromium and the reduction of its toxic effects by bacteria (at two levels of the absence of bacteria
and the presence of bacteria in Hoagland's solution), a factorial experiment was conducted as a completely randomized design
with three replications and the morphological, physiological traits and plant elements were measured in the applied treatments.
The results showed that the experimental treatments did not affect plant yield traits, fresh weight, stem length, and leaf length.
Leaf width, chlorophyll a, b, and plant phosphorus content decreased under chromium stress and increased with bacterial
treatment. Hydrogen peroxide, malondialdehyde, ascorbate peroxidase, superoxide dismutase, catalase, proline, solid soluble
substances, phenol, flavonoid, and anthocyanin, as well as the content of plant elements such as chromium, nitrogen, and
potassium, increased due to the chromium treatment. Using bacteria in the culture medium containing chromium, significantly
decreased the hydrogen peroxide and malondialdehyde, indicating a reduction in the oxidative stress. The non-enzymatic and
enzymatic antioxidants of plats in the bacterial treatments increased, indicating bacteria's role in strengthening the plant's
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antioxidant system. The chromium content of the plant decreased after the use of bacteria. The results showed the

positive effect of using chromium-purifying bacteria in the environment of plant cultivation in reducing the harmful

effects of chromium heavy metal stress.
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Table 1. Treatments applied in the study.

Treatment Number of

Treatment
Pure Hoagland (Control) T1
Pure Hoagland + 100mg per liter of chromium T2
Pure Hoagland + 200mg per liter of chromium T3
Bacterial Hoagland T4
Bacterial Hoagland + 100mg per liter of chromium T5
Bacterial Hoagland + 200mg per liter of chromium T6
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Table 2. Mean Comparison for Interaction effects of Hoagland's solution type (without bacteria and with bacteria) and
heavy metal chromium on leaf width and physiological traits of costmary.

Malondialdehyde  Catalase = Ascorbic acid  Superoxide H,0, Chl b Chla Leaf  Treatments
content activity content (mg dismutase Content Content Content Width
(nmol'g FW)  (units' mg 100g™ FW) activity (umol'g (mgg! (mgg' (Cm)
protein) (units! mg FW) FW) FW)
protein)

41¢ 42¢ 0.67° 2¢ 0.2¢ 12 1.67° 3.467* T1

53¢ 47° 0.9 4.34° 1.1% 0.7° 1.33¢ 2.567° T2

67* 44° 1.267* 8.67° 1.567* 0.5¢ 14 2.167° T3

40° 612 0.8d° 34 0.5¢ 1.1 22 3.23% T4

494 48° 1.033% 6° 0.9° 0.7° 22 3.734* T5

60° 50° 1.1° 8.34° 1.2° 0.7-b 1.33¢ 2.65° T6

Tl= 2 alSee (aals)

Pure Hoagland (Control)

T2= 05,5 el 1o 5 o)+ + ol il
Pure Hoagland + 100mg per liter of chrom
T3= p3,5 sl 3o o5 ooV o+ 4 alls wilSn
Pure Hoagland + 200mg per liter of chrom

T4= jls 5 SL aulSen

Bacterial Hoagland

T5=ps,8 5l o p5 oo oo+ o xSk wilssn

Bacterial Hoagland + 100mg per liter of chromium
T6=p3,5 5l 13 o5 kool -+ + o5k aslSse

Bacterial Hoagland + 200mg per liter of chromium

e s ools Lis Sslite 3V By, b by ylad oy s b loline 3N
Significant differences among treatments are indicated by the different Latin letters

el (bl 5 059igE (i (el (slyiome 2 pgyS nSins 38 5 (L L 5 5L 90) AilSm Joloms 98 blie Dl 1 (5:Sils duglio =¥ oo
Table 3. Mean Comparison for Interaction effects of Hoagland's solution type (without bacteria and with bacteria) and

heavy metal chromium on the content of proline, phenol, flavonoid and anthocyanin in costmary.

Dissolved Anthocyanin Flavonoids Total phenolics Proline Content Treatments
solids content content content content (umol g'' FW)

O Brix) mgg! FW) (mgg'FW) (mg g"' FW)

0.57¢ 0.03¢ 3.2¢ 184 1.24 T1

28 0.07° 5b 25¢ 4.2 T2

0.7¢ 0.05¢ 4.6b° 412 5.6% T3

1° 0.08° 1.4d 27¢ 1.94 T4

0.474 0.12 7.82 442 3.4b T5

0.57¢ 0.122 6.7% 38P 2.8¢ T6

Tl= 2 alSee (aals)

Pure Hoagland (Control)

T2= 55 5l 5 055 o) + s ailSe
Pure Hoagland + 100mg per liter of chrom
T3= p3,5 sl 3o o5 ooV o+ 4 alls wilSn
Pure Hoagland + 200mg per liter of chrom

£9,S Caoms Sl Ko 5l Lid @ fuate HTHATPase coles
05..»(50 L:l.\.c d‘}A ud? B J)L?‘ g0 a5 coul oL:f 3o
Azl )0 el g yaed (D3l aiile (oldg slge i o als

T4= jls 5 SL aulSen
Bacterial Hoagland
T5=ps5 5 po 0,5 ko) o+ Jos5SL wilSsn

Bacterial Hoagland + 100mg per liter of chromium

T6=p3,5 5l 13 p5 kool -+ + o5k aslSso
Bacterial Hoagland + 200mg per liter of chromium
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Table 4. Mean Comparison for Interaction effects of Hoagland's solution type (without bacteria and with bacteria) and
heavy metal chromium on the elements content of costmary.

P content (mg Kg™!) Chromiumang Kg™h Treatment
63.77° 0.2577% T1
70.28° 0.4253¢ T2
71.86 2.058° T3
91.46° 0.178¢ T4
78.15° 0.339<¢ Ts
68.83¢ 1.503° T6

T1= A wlSea (aall)

Pure Hoagland (Control)

T2= 0355 il 5 05 oo+ + Alls il e
Pure Hoagland + 100mg per liter of chrom
T3= 058 3 3o 08 oV v + Al wils'se
Pure Hoagland + 200mg per liter of chrom

T4= s 555k odSsn

Bacterial Hoagland

TS5=p35 il 5 05 kool o+ + Jos 255L silSsn

Bacterial Hoagland + 100mg per liter of chromium

T6=p3,5 5l 59 05 ool -+ + Jos 255k silSsn

Bacterial Hoagland + 200mg per liter of chromium
sl o 03l Lt gl Y gy b L s (s lel Slolis iDL

Significant differences among treatments are indicated by the different Latin letters

Ll polis Glgizns ppg)S (i L Zolin (Slo anlie —0 Jgur
Table 5. Mean Comparison for the heavy metal chromium levels on the content of costmary elements

N content (%DW) K content (g Kg™) Treatment
(Chromium levels)
2.888v? 964* 0
2.9202 971.7* 100
2.347° 717.2° 200

sl o 03l Lt gl Y gy b L s (s Lol Slolins CESLS

Significant differences among treatments are indicated by the different Latin letters.

S olgre 4 clS e 4 pg,S 09380 a5 ol lis Jol> LS (5 oS Az

5l o %,JLQ g wbSTn Gigyed Rl el 5 0 LTS i) bl )l S 5l osliiad b oYhcen s
sleilansT (Sl jlade Gl L oS 5 b prmals olS ks el ol e o Bl Bds gl o)
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