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Table 1- The physical and chemical properties of the soil used in this study

Cdio o g G e ol
Property Quantity Unit Property Quantity Unit
ol 55 % S ceba 8 0.926 (ds mY)
(Sand) (EC)
- 27 % SE 7.69 (L:5)
(Silt) (pH)
o 18 % ol S8 jiud 125 (mg kg™)
(Clay) (Available P)
o o 0.66 % iz JB el 240 (mg kg™)
(0C) (Available K)
& 15.24 % S 560 (mg kg?)
(Cas0y) (Total Pb)
Joles gedd b0 13.66 % iz S o 54 (mg kg™)
(CaCOs) (Available Pb)
(FC) (Total Cd)
S i 0.21 % iz JB s 0.62 (mg kg?)
(Total N) (Available Cd)
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Table 2- Characteristics of bacterial species used in this study
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Bacterial species Phosphate Potassium Nitrogen Sulfate
I L s . 1AA HCN
solubilizing solubilizing fixation reduction
Proteus vulgaris - + - + ¥ _
Pseudomonas putida + - - - , _
Bacillus subtilis - - - - _ +
Bacillus megaterium - + - - ¥ +
Azotobacter chroococcum - - + - - n

aalllas 350 o 4y il Frwly — cdalllas 350 o 4y Calin Fly +
+: appropriate response to studied trait, -: lack of appropriate response.
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2- Acid and alkaline phosphatase
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Table 3- The Analyses of variance of data showing the effects of cabbage varieties and bacterial species on activity of enzymes
of the rhizosphere soil

Mean Square ey po (wSSbo

iyt 2alio N ETSH —— — p -
Variables bl Uld St U land jlojg! SUje,aeed
Alkaline phosphatase  Acid phosphatase Urease Dehydrogenases
it ™ 2 722803.24™ 14634.42™ 3424.96™ 2.44™
Cabbage varieties
‘5’5 iedl . 5 841551.09™ 128684.73™ 24227.16™ 37.31™
Bacterial species
S35 8SxalS o3,
Cabbage varieties x Bacteria 10 92621.55™ 11101.19™ 6110.19" 1.29™
species
ks
36 29.012 62.9602 164.8679 0.06356
Error
ol - 0.89 3.38 11.85 6.28

Coefficient of Variation (%)

s I gme BB g JI> re OV g Vi o jd oy 0 ¥ 9 **
* significant at 0.01 level, " significant at 0.05 level, ™ not significant.
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Figure 1- The main effects of cabbage varieties (A) and bacterial species (B) on activity of alkaline and acid phosphatase
enzymes in the rhizosphere soil
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Figure 3- The main effects of cabbage varieties (A) and bacterial species (B) on activity of dehydrogenases enzyme in the
rhizosphere soil
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Cabbage varieties

SSL &g

Bacterial species

Alkaline phosphataseAcid phosphatase

(Mg pNP.gtdm.h?)  (ug pNP.g* dm.h?) (ug N-NH,*.g? dm.2h)(ug TPF.g* dm.16h?)

o] Ul 52,9
Urease

ST N
Dehydrogenases

Control 61.83 0 50.17 k 36.54 jk 1.56 h

Proteus vulgaris 461.98 j 160.72 h 170.18 bc 355f

g elS Pseudomonas putida 584.34 h 369.46 ¢ 170.18 bc 3.10fg
Ornamental cabbage Bacillus subtilis 250.37 1 285.09 d 55.64 ijk 5.93 cd
Bacillus megaterium 447.22 k 275.73d 69.27 ghi 484e

Azotobacter chroococcum 436.40 k 83.32] 200.18 ab 3.20 fg

Control 154.21n 38.39 k 22,91k 1.32h

Proteus vulgaris 550.07 i 274.31d 42.00 ijk 3.15fg

Sy ol Pseudomonas putida 1529.28 a 435.97b 74.73 gh 3.00 fg
Broccoli Bacillus subtilis 632.97 fg 292.82d 93.82 fg 6.73b
Bacillus megaterium 639.70 f 239.32e 137.45 de 5.88d

Azotobacter chroococcum 655.34 e 159.57 h 183.82 ab 350f

Control 231.71m 12486 44.72 hijk 1.66 h

Proteus vulgaris 655.31e 195.64 g 112.91 ef 281g

Sy ols Pseudomonas putida 1169.96 b 497.92 a 63.82 ghij 3.30fg
Cabbage Bacillus subtilis 623.63 g 21351 f 151.09 cd 8.71la
Bacillus megaterium 811.08d 237.19¢ 112.91 ef 6.48 bc

Azotobacter chroococcum 964.65 ¢ 293.20d 208.36 a 355f

555 o2 L (P<0.05) (¢ )b sime M3 (gylol Llod 5l ctiyls S yniio Gy S JBlas oS oo pSileo
Different letters indicate significant differences at the 5% probability level.
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Introduction: Contamination of soils with heavy metals is one of the most serious environmental problems
increasing the risk of the entry of heavy metals into food chains. Rhizosphere soil is distinct from the bulk soil
and is defined as the volume of soil around living roots which is influenced by root activities. Enzymes are
produced by both roots and soil microorganisms to alter nutrient availability in rhizosphere soil. Soil enzymes
promote the transformation of matter and energy in the soil, and their activity has a close relationship with soil
nutrient availability. Detection of microbial enzymes in a natural environment is important to understand
biochemical activities and to verify the biotechnological potential of microorganisms. However, there are few
reports to indicate the biotechnological potential of plant growth promoting rhizobacteria (PGPR) and their
effects on the activity of bacterial enzymes in rhizosphere soils under the stress of heavy metals. Thus, in the
present study lead and cadmium contaminated rhizosphere soils were inoculated with PGPR species to
investigate the influence of these bacteria on the activity of some enzymes.

Materials and Methods: A factorial pot experiment with completely randomized design base and three
replications was performed in the greenhouse conditions. The factors examined were (a) rhizosphere soils of
three varieties of cabbage [Brassica oleracea var. acephala L. (Ornamental cabbage), Brassica oleracea var.
italica L. (Broccoli cabbage) and Brassica oleracea var. capitata L. (Cabbage)] and (b) five species of PGPR,
consisting Pseudomonas putida PTCC 1694, Bacillus megaterium PTCC 1656, Proteus vulgaris PTCC 1079,
Bacillus subtilis PTCC 1715 and Azotobacter chroococcum, used to inoculate the rhizosphere soils. There was
also a control treatment (without rhizobacteria). The experiment had 18 treatments and there were 54
experimental units. To study rhizosphere soils, several rhizoboxes were used and three seedlings of cabbage
were planted in the central part of each rhizobox (rhizosphere area). In treatments inoculated with rhizobacterial
species, 2 ml of a bacterial suspension with 107-108 (cfu ml) was used to inoculate the soil of rootzone. After
three months, cabbage varieties were harvested and the activity of alkaline phosphatase, acid phosphatase,
urease, and dihydrogenase were measured in rhizosphere soils. The data obtained from this study were
statistically analyzed by SPSS statistical software package (Version 9.4) and the variance of the data was
analyzed by one-way ANOVAs (Duncan’s test) range test at 1 and 5 percent probability levels.

Results and Discussion: The analysis of variance of the data (ANOVA) showed that the cabbage varieties,
inoculation with PGPR species and their interactions had significant effects (p<0.01) on the activity of alkaline
phosphatase, acid phosphatase, urease, and dihydrogenase in rhizosphere soils. The results showed that
inoculation of the rhizosphere soils with PGPR species increased the activity of soil enzymes. The highest
activity of alkaline phosphatase (1529.28 pug pNP.g* dm.h'') was measured in rhizosphere soils of the broccoli
inoculated with Pseudomonas putida PTCC 1694. But, the highest activity of acid phosphatase (497.92 g
pNP.g'dm.h) was obtained in rhizosphere soils of cabbage inoculated with Pseudomonas putida PTCC 1694.
Also, the highest activity of urease (208.36 pg N-NHs*.g*dm.2h") was observed in rhizosphere soils of the
cabbage inoculated with Azotobacter chroococcum and the highest activity of dihydrogenase (8.71 pg TPF.g"
'dm.16h1) was observed when rhizosphere soils of the cabbage were inoculated with Bacillus subtilis
PTCC1715.

Conclusion: From the results of this study, it may be concluded that inoculation of Pb and Cd contaminated
soils with PGPR species could modulate the toxic effects of heavy metals on plant and increase the activity of
some key enzymes for plant growth in rhizosphere soils.
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