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ABSTRACT

Cadmium is a heavy metal which induces oxidative stress in plants. This ion is extremely toxic to plants and
animals. This study investigates the effects of Cadmium different levels in soil and the species of co-existing micro-
organism on the morphological features of canola (Hyola 401 cultivar). The experiment was conducted at Research
Farm Greenhouse of Isamic Azad University, Saveh Branch in 2010, as factorial experiment based on completely
randomized blocks design with three replication. The studied factors were: Cadmium nitrate (0, 0.1, 1 and 3 mg/kg)
and PGPR (without inoculation and inoculation by Pseudomonas fluorescence, strains 11, 4, 169, 11+4, 11+1609,
4+169, 11+ 169+4).The study showed that cadmium exposure led to reduction in fresh and dry weight of root and
shoot and stem height, a significant decrease in the number |eaves and pods of canola. These effects were intensified
by increasing cadmium concentration in soil. Some Plant growth-promoting rhizobacteria strains enhanced plant
growth as compared with non-inoculated plants (control). In addition, strains 4, 11 exhibited a higher capacity in
coexistence with plant. On the other hand, the results showed that in the presence of different value of cadmium soil,
strains 4 and 11 significantly increased plant growth and the cadmium extraction efficiency from soil.

Keywords: Plant Growth Promoting Bacteria, ConcentratiorCafimium, Content of Cadmium, CanoBxdssica
napus L).

INTRODUCTION

Heavy metal pollution by industrial, agriculturaldamunicipal wastewater is seriously threatenirggeghvironment
of coastal regions, ponds and rivers. Aquatic atlinagcumulate these contaminants through the foebl and
release them into the ecosystem, which consequafittgts the quality of organic products (8). Cdesing the
ongoing growth of the human population and thelle¥®rganic and mineral pollution, it seems vitalfind a safe
and rather quick method for eliminating these pgahs with the least cost and side effects on thérenment.
Phytoremediation is one of the best methods fer phirpose (1). Effects of heavy metals on plargaltén growth
inhibition, structure damage, a decline of physjidal and biochemical activities as well as of thaction of
plants. The effects and bioavailability of heavytat® depend on many factors, such as environmeatalitions,
pH, species of element, organic substances of thdiarand fertilization, plant speciét8). But, there are also
studies on plant resistance mechanisms to protaatspagainst the toxic effects of heavy metal©sagccombining
heavy metals by proteins and expressing of detmxjfgnzyme and nucleic acid, these mechanismssrgrated to
protect the plants against injury by heavy met@ilsere are two aspects on the interaction of plants heavy
metals. On one hand, heavy metals show negatieztefon plants. On the other hand, plants have tven
resistance mechanisms against toxic effects andldtoxifying heavy metal pollutiofl8). Cadmium is a toxic
element which can be spread in nature. Industriesjicipal sewage, fuels and chemical fertilizerspesially
phosphate ones are among the major sources otdhtaminant (2, 14). This metal can be easily diEbiby
plants' root and enter the wood tissues via aptiplasd symplastic pathways (13). According to stedCadmium
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causes chlorosis and necrosis of the lea8)9and damages cell division and growing , affect$ digision in the
meristematic regions and harms plant's overall grawmd health. (17). Plant-Growth-Promoting Rhizibda are a
group of useful rhizosphere bacteria which can eo@glant growth by direct mechanisms (fixationnigfogen,
production of growth-regulating agents, increasatgsorbability of nutrients for the plant, produgigrowth
stimulating hormones and vitamins such as Oxingtokinin and Gibberllin) and indirect mechanismsoduction
of antibiotics, discharging rhizosphere from iroepmpeting with root occupying species, generasigstemic
resistance in the plant, and increasing planst&sce against stresses caused by non-living &a6#yr Canola is
the most important species in the genus Brassigeci8l qualities of this plant, such as capabiiityoe grown in
different regions, high oil content, ideal qualdf/the oil, and its press cake's usage in feediragtock (11)has
made its cultivation attractive for supplying thmuatry's need of raw oil and getting rid of deperae(10) . As an
oil seed with more than 40% oil content, Canoladssidered as one of the most important planteireldpment
process of oilseeds cultivation and production efeatable oils in Iran (11). Moreover, Hyola 40Jaisultivar of
spring that it does not need verbalization. Thilsiar's yield is 2.3-2.8 tons per hectare, with48% oil content,
and is considered as an option for sequence ctitivavith grains (7, 11). This research is studadslity of
absorbing of Cadmium and cleaning up contaminateitl sy Canola in presence Plant-Growth-Promoting
Rhizobacteria.

MATERIALSAND METHODS

This research was performed in 2010 at Agriculzokege research greenhouse of Islamic Azad UniyeiSaveh
Branch. Experiment was carried out as factorialedasn completely randomized blocks design with ehre
replication. The first factor included inoculatioof plants by Plant Growth Promoting Rhizobacted&
Pseudomonas fluorescence strains 11, 4, 169 and strains combination 11441869, 4+169, 11+169+4 and without
inoculation (Control plant). The secondary factoclided three levels of cadmium nitrate (0.1, 1p®ykg and
control (no apply salt). Rapeseditgssica napus L.Hyola 401) is oil seed plant that is not required/érbalization
(7). Experiment was conducted as pot and the ifgaded soil properties are given in Table 1.

Table 1. Some physical and chemical properties of soil

P K .
EC PH TNV O.C. TotalN Clay Silt Sand .
FC ds/m (soil/water) % % % (ava) - (ava) % % % Soil texture
p.p.m p.p.m
15/8  2/9 m 13/7 1/3 0/1 65/5 315 14 16 70  Sandy loam

EC= Electrical Conductivity, O.C= Organic Carbon %, T.N.V= Total Neutralizing Value, FC=Field Capacity

Afterward, we consumed 0.8, 8, and 24 mg. of Cadmiuan 8 Kg. pot for obtaining different levels@f., 1, and

3 mg. per Kilogram of soil. The method was firsstave the salt into the water, and then to addsthetion to the
soil to achieve the field capacity. Next, we put thixture in plastic bags and stored for 1 montketdahe salt to
stabilize well into the soil. Then, we filled theperiment pots equally with non-sterile soil andqad them in the
greenhouse. Canola seeds mixed with 20 ml of 208arssolution, for inoculate of seeds with microamtsm.
Then amount of 20gr inoculum was added to the geleds and CdNGolution was added to the pots. Seeds were
planted in depth of 2 cm each pot, plants weredsied by cutting the shoots from the soil surf&tant shoots and
roots were dried at oven-dried*@5for 48 hours. In this experiment studied propsréis stem height, root and shoot
dry and wet weight, leaf number, pod number, phogmhconcentration and content of roots and sh&aitsiples of
Cd?, P extracts were analyzed by atomic absorption spettrophotometer, respectively. The varianceyaral
were carried out by SAS software, the mean was eoetpbby Duncan test in 5% level, and the diagrarmseew
drawn by Excel.

RESULTSAND DISCUSSION

The results of variance analysis showed that tfeete6f Cadmium level on the length and fresh/dejght of roots
was significant (P<0.01), and it was significant wat weight of shoots (P<0.05This factor had no effect on
properties such as shoot dry weight, the numb@odé (Table 2). The effect of bacterial inoculat@mnheight and
pod number was significant (P<0.01), and it wasificant on wet weight shoots (P<0.0%ut it had no effect on
other properties such as wet and dry root weightstioots weight. Interaction two factors were sighificant on
studied traits (Table2).

The result of mean comparison shows thas i@ the lowest dry and fresh weight of shootsraots, andlowest
pod number, height, nevertheleaspther cadmium levelsad nosignificant on studied traits (Table 3). On theesth
hand, Cd , shad the highest fresh weight (Table3).
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Table2. Variance analysis of effect of studied factorson morphological characteristics canola

source df Root dry weight Shoot dry weight Root wet weight Shoot wet weight Number of pods  Height
block 2 29/73** 0/55ns 2/039ns 3/63ns 208/53ns 45/627ns
bacteria 7 0/44ns 1/70ns 4/058ns 3/70* 840/99** 113/50**
Cadmium 3 5/43** 2/74ns 9/215** 5/060* 593/375ns 159/002**
Bacteria*Cd 21 1/45ns 0/488ns 1/766ns 1/266ns 333/517ns 33/89ns
Error 62 1/32 1/35 2/658 1/993 232/090 33/57

*Sgnificant in statistical level 5%

** Sgnificant in statistical level 1%

n.s. Not significant

Table3: Mean comparison of effect of cadmium on morphological characteristics of Canola

Shoot dr Root dr Shoot fresh  Root fresh .
treatment weight (g))/ weight (é) weight () weight (g) Height  Number of pods
Cd1 4/313ab  3/405ab 6/066a 7/612a  32/145a 20/125a
Cd2 4/353a 3/615ab 6/717a 6/938a  29/791a 23/875a
Cd3 4/615a 3/929a 6/505a 7/201a  26/041b 14/625b
Cd4 3/806b 2/8b 5/7b 5/919b  24/541c 13/125b

(Cd1=Control, Cd2= Cadmium 0/1 mg/kg, Cd3= Cadmium 1mg/kg, Cd4= Cadmium 3mg/kg)

In Table 3 is seen Gd has the lowest effect on plant's height and aldo,®as the lowest effect on the number of
pods, while the effect of Gd, is the more on pod number. The result of variaare@ysis also showed that the effect
of bacterial inoculation and cadmium on cadmiumcemtration and content of roots and shoots wasfiignt
(P<0.05).

The interaction of both factors on cadmium conesitn and content of roots and shoots was notfiignt. On the
other hand, the effect of cadmium on the roots phosis content was significant (P<0.01), whilehibwed no
meaningful effect on other properties. Likewisee timoculation factors show that effect on root pimsus
concentration and content of roots and shootsgsifgtant (P<0.05) but is not significant on shqutosphorus
concentration of rapeseed (Tables4, 5).

Table4: Variance analysis of effect of studied factorson concentration and content of Cadmium, Phosphate canola organs.

df Shoot Cadmium

Source Root Cadmium concentration Shoot cadmium content Root cadmium content

concentration
Block 2 0/003ns 0/072* 0/019ns 0/897*
Bacteria 7 0/004* 0/020* 0/156* 0/423*
Cadmium 3 0/001* 0/026* 0/029* 0/616*
Bacteria*Cd 21 0/001ns 0/028ns 0/038ns 0/286ns
Error 62 0/003 0/020 0/102 0/288

*Sgnificant in statistical level 5% ** Ggnificant in statistical level 1% n.s: Not significant

Table5: Variance analysis of effect of studied factorson concentration and content of Cadmium, Phosphate canola organs.

Source df  Shoot phosphate concentrationrRoot phosphate concentrationShoot Phosphate contentRoot Phosphate content

Block 2 112/93** 144/23** 1358/39* 2646/88**
bacteria 7 8/34ns 8/99* 323/82* 203/94*
Cadmium 3 8/92ns 29/025ns 685/64ns 1250/94**
Bacteria*Cd 21 5/68ns 2/400ns 154/20 176/44ns
Error 62 8/544 11/45 278/17 234/45

*Sgnificant in statistical level 5% ** Sgnificant in statistical level 1% n.s. Not significant

As in figures 9, 10, 11 and 12 is observed the dBglcadmium content and concentration in shootsrawid is in

Cd 4. Therefore Cd concentrations in plant differergams increased with increasing cadmium concentraticoil.
Comparing of average effect of soil Cadmium on Bhosus concentration of shoots in figures 13 andHaws
phosphorus concentration of shoots don't react $e of Cd whiles only Cd4 decreased root phosphate
concentration. Results of this research suggedtttie presence of Cadmium in soil had no effecPbosphate
concentration in different organs Canola.
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Figurel3: Effect of Cadmium on shoot concentration

Phosphate.

Figurel4: Effect of Cadmium on root concentration
Phosphate.

Cadmium causes a delay in plant growth procesetiyaing the mitosis division r: (12). Mayak et al. (2004)
points out that under stressful conditions andrires of food poisoning, the production rate of Ehg increase
compared to normal conditiondq, 2(). Some researchers believe that the increase inesthyproduction rat
unde stress conditions causes a decrease in grovetarat yield of a pla (6).

Glick et al. (2003natifies thatEthylene hormone acts as a restriction factor datgroot growth and decelerat
the plant growth process(@lonetheless, the inoculation Canola byPseudomonas fluorescent bacteria results an
increase in plant resistance agaicadmium concentration in soil; which shows the pesitffect of these strair
on reducing the level of Ethyleme the plant under stre: Mayak et al (2004) in a study on tomatoes indicaied
Growth Promoting Rhizobacteri@an decrease the negative effect of salt streshiaady metal contamination
soil and increase the dry/fresh weight of the plaampard to control plant(19,20)They believe that PGPR ma
it happen by producingCC deaminastand reducing Ethylene production. In this researoberved that in th
presence of cadmium, the strains of 4 an can intensify the morphological properties, h as fresh and dry
weight of the roots and shoots, length of the st@md, the number of leaves and pods. The Pseudonbaicteric
increase the immunity of the plants against negatifects of heavy metals like Cd, Zn, (etc (15). The evidences
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demonstrated that most of the combination®sidomonas fluorescent bacteria did not have a positive effect on
the growth rate of the plant; probably due to tloenpetition amongst themselves. Only the combinatibn
169+4+11 and 169+4 strains remarkably contributedbisorption and concentration attributes; as altre$ their
synergetic effect on each other and on the absorpgiroperties of the plant and coexisting bettethveianola
(Tables 6, 7, 8).

Table6: Effect of Bacteria* Cadmium on morphological characteristics Canola

Number Cd B Root Fresh weight Shoot Fresh weight Number Cd B  Shoot Fresh weight Root Fresh weight
1 1 1 7/71a 4/81e 17 1 5 4/886de 4/99cd
2 2 1 6/14c 7/59a 18 2 5 5/376d 6/90bc
3 3 1 6/73bc 6/31c 19 3 5 4/893de 7/38ab
4 4 1 4/88cd 5/44d 20 4 5 4/990de 4/40d
5 1 2 5/82c 6/14cd 21 1 6 6/703bc 5/76¢
6 2 2 8/006a 7/083ab 22 2 6 5/990a 6/77bc
7 3 2 6/66bc 6/45bc 23 3 6 6/896ab 8/003a
8 4 2 7/40ab 6/32a 24 4 6 4/856de 5/93c
9 1 3 7/24bc 5/97cd 25 1 7 5/306de 5/14cd
10 2 3 7/57a 7/403a 26 2 7 7/203ab 6/09c
11 3 3 8/29a 7/443a 27 3 7 5/943a 6/81bc
12 4 3 6/42bc 6/07cd 28 4 7 5/996¢d 4/91cd
13 1 4 6/60bc 7/326a 29 1 8 7/376a 5/74cd
14 2 4 7/07bc 6/626bc 30 2 8 6/470c 6/93bc
15 3 4 7/45ab 7/280ab 31 3 8 6/823bc 6/27c
16 4 4 7/32ab 5/673d 32 4 8 6/240c 6/08c

(B=bacteria, 1=use of bacteria, 2=not application of bacteria, Cd=Cadmium)
Table7: Effect of Bacteria* Cadmium on mor phological characteristics Canola
Number Cd B Height Number of pods Number Cd B Height Number of pods

1 1 1 20/50e 5/66gh 17 1 5 14/66f 3h

2 2 1 3l/66ab 29c 18 2 5 29/33bc 13/66f

3 3 1 28/66bc 14/33ef 19 3 5 24/33d 6/66gh

4 4 1 24d 20de 20 4 5 20/66e 3/66h

5 1 2 24d 17e 21 1 6 26abc 24/66d

6 2 2 34a 12/66bc 22 2 6 27/66dc 16/66e

7 3 2 30/33b 2/33h 23 3 6 26/33cd 12/33f

8 4 2 28/66b 9/669 24 4 6 19/33e 10/669g

9 1 3 30/33b 23/66d 25 1 7 23/33d 7/66gh

10 2 3 33/33 17e 26 2 7 26/66dc 31lc

11 3 3 23/33d 17/3e 27 3 7 24/eed 23/33d

12 4 3 25/33d 15/66e 28 4 7 24d 7gh

13 1 4 34/33 66a 29 1 8 20e 13/33f

14 2 4 32/33ab 41/33b 30 2 8 23/33d 29/66¢

15 3 4 26/33cd 16/66e 31 3 8 24/33d 24d

16 4 4 30/66b 15e 32 4 8 23/66d 123/33d

(B=bacteria ,1=use of bacteria , 2=not application of bacteria, Cd=Cadmium)
Table8: Effect of Bacteria* Cadmium on mor phological characteristics Canola
Number Cd B Root dry weight Shoot dry weight Number Cd B Root dry weight Shoot dry weight

1 1 1 5/15a 4/27bc 17 1 5 2/73cd 3/82c
2 2 1 2/69cd 5/14ab 18 2 5 4/42ab 3/19cd
3 3 1 3/97b 4/50b 19 3 5 3/17c 3/80c
4 4 1 1/59e 3/84c 20 4 5 2/17d 2/97d
5 1 2 2/74cd 4/61b 21 1 6 3/40bc 4/31bc
6 2 2 3/65bc 4/05¢ 22 2 6 3/54bc 4/26bc
7 3 2 4/71bc 5/07ab 23 3 6 4/04b 4/49b
8 4 2 3/24c 4/22bc 24 4 6 3/10c 3/69cd
9 1 3 3/35¢ 4/29cb 25 1 7 2/76cd 3/62cd
10 2 3 3/60bc 4/72b 26 2 7 3/68bc 4/68b
11 3 3 5/04a 4/86ab 27 3 7 4/06b 4/10bc
12 4 3 2/73cd 4/39bc 28 4 7 2/58bcd 3/84c
13 1 4 3/66bc 4/79ab 29 1 8 3/42bc 4/77ab
14 2 4 3/44bc 3/99c 30 2 8 3/88bc 4/76ab
15 3 4 3/90b 5/63a 31 3 8 3/51bc 4/44b
16 4 4 3/40bc 3/76¢ 32 4 8 3/57bc 3/71cd

(B=bacteria ,1=use of bacteria , 2=not application of bacteria, Cd=Cadmium)
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In figures 15,16 is show thatleancomparison of the effects of bacterial inoculatmnshoot and root cadmium
concentration showthat Inoculation with different strains was inetfee and strains of 4 ,11,169 has lov
Cadmium concentration but strains of 11+169 , 169169+11+4 have most cadmium concentra
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= 18988328 % 19828893
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< <
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Treatment
Figurel5: Effect of bacteria on shoot Cadmium Figurel6: Effect of bacteria on root Cadmium
Concentration. Concentration.

Pseudomonas fluorescence Strain 4,11,169 has successful important role on improvement growth of rapek
and morphological characteriston the other hand , the combination of this baatsame as combinatio
Pseudomonas fluorescence strains (169+4, 169+11+4) have an important role phosphate absoion and
phytoremediation (16). Auxiproducingbacteria and nitrogen stabilizer increasedt lengtl, plant growth and
nutrient uptake in the presencetoxic concentrations of Cadmium with Sedentargadmiun (15).

CONCLUSION

We can also infethat bacteria strains 4 and 11 are able to regahat high levels c Cadmium and modify the
adverse effect of this metal. The PGPR can alsmgte the efficiency of Phytoremediation in presesiceadmium
and increase plant resistance against Cam toxicity. In conclusion, our study shows trPlant-Growth-
Promoting Rhizobacterig®GPR) can deactivate Cadmium and increase thé grlawth, the total growth of canol
and intensify the absorption of nutrients, sucfPhgsphorus and Calciul
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