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Abstract Excessive cadmium concentrations in agricul-
tural soils result in minimizing the soil fertility and health
which leads to decrease in crop production. Plant growth
promoting rhizobacteria (PGPR) are beneficial bacteria,
which can protect the plants against many abiotic stresses.
Current study aimed to identify important rhizobacterial
strains by using enrichment technique and examine their
inoculation effects on the growth and physiological
parameters of wheat, under cadmium pollution. Cadmium
was added to 3 kg soil in each pot (with 6 seeds/pot) using
cadmium chloride at the rate of 0, 50, 100, 150, and
200 mg kg~ with three replications in completely ran-
domized design. Rhizobacterial isolates performed con-
siderably better under all cadmium levels, i.e.
50200 mg kg ™' soil, compared to control. Nevertheless,
rhizobacterial isolates containing both abilities, i.e. deam-
inase and nitrogen fixing, e.g. SAN1 had the highest effect
and caused a significant (P < 0.05) increase in the shoot
(25.1-fold) and root length (30.2-fold), seedling fresh
(17.1-fold) and dry weights (31.1-fold), chlorophyll
a (13.1-fold), chlorophyll b (8.2-fold), carotenoids (5.1-
fold), protein (50.1-fold), proline (18.8-fold), glutathione
S-transferase (26.2-fold), peroxidase (26.8-fold) and
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catalase (30.5-fold), while lowest cadmium uptake in the
shoot (10.1-fold) and root (8.7-fold), respectively, at the
highest cadmium level, i.e. 200 mg kg~' soil compared to
control. Results revealed that PGPR significantly decreased
the deleterious effects of cadmium pollution by chelating
and influencing its bioavailability and increased the wheat
growth. The PGPR with both deaminase and nitrogen fix-
ing activities are more resilient against cadmium pollution
than PGPR having either deaminase or nitrogen fixing
activity alone. The enrichment technique is an efficient
approach to select promising PGPR.

Keywords Wheat - Cd pollution - Plant growth
promoting rhizobacteria - Enrichment technique

Introduction

Among all the emerging environmental threats of twentieth
century, the effect of heavy metal accumulation in agri-
cultural soils has been considered one of the most dis-
turbing and alarming threat in both developed and
developing countries (Hassan and David 2014). Extreme
accumulation of heavy metals in agricultural soils not only
result in environmental contamination, but also lead to
elevation in the uptake of heavy metals by crops and affect
the food quality and safety (Hassan and David 2014).
Heavy metals, such as cadmium (Cd), lead (Pb), chromium
(Cr), zinc (Zn) and nickel (Ni) are important environmental
pollutants, particularly in areas with high anthropogenic
pressure (Hassan and David 2014). Among these heavy
metals, Cd is the most abundant and ubiquitous metal, and
plays a major role in the contamination of soil and atmo-
sphere, due to its relatively high mobility in the soil-plant
system (Hassan et al. 2013a). It has been reported that the
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average annual production of Cd throughout the world
increased from 20 tons (in the 1920s) to about 20,000 tons
due to emerging industrial activities (Wang and Yanli
2013). According to an estimate about 25,000 tons Cd
year™ ' is released into the environment and approximately
85-90 % of this Cd emission is due to anthropogenic
activities, e.g. smelting and refining of nonferrous metals,
fossil fuel combustion and municipal waste incineration
(Azevedo et al. 2012). The Cd affected soils contain Cd in
the range of 100-120 mg kg™, whereas the industrialized
areas contain Cd up to 160 mg kg™' (Azevedo et al. 2012).
Similarly, Cd toxicity affects the morphology, growth and
photosynthetic processes of plants and causes inhibition of
enzyme activities, water imbalance, alterations in mem-
brane permeability and disturbs mineral nutrition (Azevedo
et al. 2012).

Recently, the use of microorganisms for the purpose of
improving crop production and protection and to under-
stand their mode of action is attracting considerable
attention of microbiologists (Ahemad and Kibret 2014).
Several species of bacteria present in the rhizosphere have
great potential to promote the growth and protect the
plants from many deleterious biotic and abiotic environ-
mental stresses (Glick 2012), such bacteria are known as
plant growth promoting rhizobacteria (PGPR). The PGPR
are microorganisms which live freely in the rhizosphere
and can promote the plant growth and protect them from
many harmful biotic and abiotic stresses by a number of
direct and indirect ways (Ahemad 2012). Directly PGPR
facilitate the uptake of certain macro- and micro-nutrients
and produced certain phytohormones, e.g. auxin, cytoki-
nins, ethylene, abscisic acid and gibberellins (Ahemad
2012; Ahemad and Kibret 2014). Indirectly, PGPR
diminish or avert the harmful effects of many abiotic and
biotic stresses, e.g. heavy metals (Ahemad and Malik
2011).

To cope with the abiotic and biotic environmental
stresses plants produce different antioxidant enzymes,
phytohormones and antibiotics, e.g. superoxide dismutase,
deaminase, peroxidase, catalase, glutathione reductase,
cysteine, ascorbic acid, thiols, and proline as a defense
mechanism (Glick 2012; Ahemad and Kibret 2014). This
increase in the activity of such antioxidant enzymes and
phytohormones positively correlated with resistance in
many plant species, against biotic and abiotic environ-
mental stresses (Ahemad and Kibret 2014). PGPR can
prompt plant growth under many biotic and abiotic envi-
ronmental stresses, e.g. heavy metals and pathogen attack
by the synthesis of different antioxidant enzymes, e.g.
peroxidase, catalase, glutathione reductase and deaminase
and phytohormones and antibiotics, e.g. cysteine, ascorbic
acid, thiols, and proline (Glick 2012; Ahemad and Kibret
2014).
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The PGPR with the enzyme, l-aminocyclopropane-1-
carboxylate (ACC) deaminase, assist in plant growth and
development by minimizing the harmful effects of biotic and
abiotic environmental stresses (Ahemad and Kibret 2014).
Singh et al. (2013) found that PGPR having ACC-deaminase
activity were resistant against Cd, Cr, Pb and Cu toxicity, and
increased the wheat and pigeon pea growth. Rathaur et al.
(2012) investigated that certain PGPR with ACC-deaminase
activity (e.g. Bacillus, Pseudomonas and Azotobacter) were
resistant to heavy metals toxicity. Belimov et al. (2005)
found that PGPR with ACC-deaminase activity showed
significant tolerance against Cd pollution and promoted the
growth of the Indian mustard. PGPR with enzyme ACC-
deaminase, are capable of improving the plants growth and
protect the plant against Cd pollution (Pishchik et al. 2002).
Similarly, phytohormone auxin (indole-3-acetic acid/indole
acetic acid/IAA) also played a crucial role in the develop-
ment of plant defense mechanism (Glick 2012). The indole
acetic acid (IAA) produced by rhizobacteria decreased the
effects of environmental stresses on the growth, develop-
ment and physiological processes of plants by shifting the
plant auxin pool (Spaepen and Vanderleyden 2011). Auxin-
producing PGPR immobilized the Cd and promoted the
growth and nutrient uptake of barley plants in the presence of
toxic Cd concentrations (Pishchik et al. 2002). Therefore, the
current study was conducted with the objectives: (1) to find
out and select important rhizobacterial strains, (2) to exam-
ine the role of ACC-deaminase and/or nitrogen fixing rhi-
zobacteria, under Cd pollution, on the growth and
development and Cd uptake of wheat plant.

Materials and methods
Physical and chemical analysis

Soil was taken at 0-5 cm depth and transported to the
laboratory. After air-drying and sieving (2 mm) the soil
was stored properly for further use in the incubation study.
Soil texture, saturation percentage, pH, EC (electrical
conductivity), available P, extractable K, Ca, Mg and Na,
and organic matter (OM) were measured by the methods of
Hassan et al. (2013b, ¢, 2014a, b, ¢, d, e, 2015); Hassan
2013; Hassan and David (2014). The basic physico-
chemical properties of the experimental soil are given in
Table 1.

Isolation of PGPR

Rhizobacteria were isolated from the sugarcane rhizo-
sphere by dilution plate technique (Wollum II 1982) using
Dworkin and Foster (DF) salt minimal media (Dworkin and
Foster 1958) having ACC as a sole N source for PGPR
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Table 1 Physical and chemical characteristics of experimental soil

Parameters Value
Sand (%) 57.6
Clay (%) 252
Silt (%) 17.2
Texture class Sandy loam
Chemical analysis

Saturation percentage (%) 35.5
pH 7.7
EC (dSm™") 1.7
Organic matter (%) 0.31
CO32 (mg 17 Absent
HCO3 ' (mg 17 10.8
Cl™' (mg 17" 6.9
SO;* (mg 17" 0.72
Na® (mg =Y 7.89
Ca'*'erMg'*'2 (mg 1= 10.2
Available P (mg kg™") 6.9
Extractable K (mg kg™") 389

having ACC-deaminase activity; whereas, modified man-
nitol agar media was used to isolate PGPR possessing N
fixing activity (Enrichment Technique).

Preparation of inocula

Autoclaved flasks of 250 ml capacity were incubated for
2 days at 28 £+ 1 °C temperature in the orbital shaking
incubator at 100 rpm. The flasks contained autoclaved DF
salt minimal media for the rhizobacterial isolates having
ACC-deaminase activity and modified mannitol agar media
for the isolates having N fixing activity. In order to keep
the uniform population of bacteria in the broth at the time
of inoculation, optical density was measured accordingly.

Characterization of isolates

Glass jars containing sand were sterilized by autoclaving at
121 °C for 20 min. After autoclaving, Hoagland solution
(40 ml) was added into glass jars and stored at room
temperature for at least 48 h to equilibrate. Inoculated
seeds were sown in sand with sterile forceps, and the jars
were kept in growth chamber (18 °C, 70 % relative
humidity, 16 h daylight). After a week of germination, the
roots were cut off, dipped in phosphate buffer, and were
shaken strongly to isolate the bacteria. The bacterial sus-
pension was diluted tenfold and 2 ml was plated on Petri
dishes containing DF salt minimal media with agar and
modified mannitol agar media. The number of colonies
(CFU/cm) was calculated after 2 days of incubation at
28 °C temperature (Davies and Whitbread 1989).

In order to measure the phosphorus solubilizing activity,
the bacterial strains were cultured in national botanical
research institute’s phosphate (NBRIP) growth medium
and a loop full of each culture was placed on the plates
(5/plate) and the plates were incubated at 28 °C tempera-
ture for a week. A zone of clearing around the colonies
after a week was scored as positive for phosphate solubi-
lization; whereas, phosphate solubilizing index (PSI) was
measured by the formula of Premono et al. (1996).

PSI = Colony diameter + halozone diameter
Colony diameter '

The ACC-deaminase activity of the selected isolates
was determined by the modified method of Honma and
Shimomura (1978). When enzyme ACC-deaminase
cleaves ACC the amount of a-ketobutyrate produced, the
number of pmol of a-ketobutyrate produced during this
reaction was determined by comparing the absorbance at
540 nm to a standard curve of a-ketobutyrate. A stock
solution of 100 mM o-ketobutyrate was prepared in 0.1 M
Tris—HCI (pH 8.5) and stored at 4 °C. A series of known
a-ketobutyrate concentration was prepared in a volume of
2 ml of the 2,4-dinitrophenyl-hydrazine reagent (0.2 %,
2,4-dinitrophenyl-hydrazine in 2 M HCI) and the contents
were vortexed and incubated at 30 °C for 30 min, during
this time the o-ketobutyrate was derivatized as a
phenylhydrazine. The color of phenylhydrazine was
developed by the addition of 2 ml 2 M NaOH; after
mixing, the absorbance of the mixture was measured at
540 nm.

Auxin production as IAA equivalents by the selected
isolates was measured in the presence and absence of L-
tryptophan (i.e. an auxin precursor). The L-tryptophan was
filter sterilized by passing through 0.2 pm membrane filter
and added at concentration of 1 g 17" to the liquid medium.
The flask contents were inoculated with respective bacte-
rial isolates and adjusted to optical density of 0.5 (10%-
10° CFU ml™") that was measured at 550 nm by spec-
trophotometer. The flasks were plugged tightly and incu-
bated at 28 £ 1 °C for 48 h. Non-inoculated/untreated
control was kept for comparison. Auxin compounds (IAA-
equivalents) were determined by spectrophotometer, using
Salkowski coloring reagent; whereas, measuring TAA-
equivalents, 3.0 ml of filtrate was taken in test tubes and
2.0ml of Salkowski reagent (2.0ml of 05M
FeCl; + 98.0 ml of 35 % HCIO,4) was added to it. The
contents in the test tubes were allowed to stand for half an
hour for color development. Similarly, color was also
developed in standard solutions of IAA. The intensity of
color was measured at 535 nm wavelength by using
spectrophotometer (Sarwar et al. 1992). Some important
characteristics of the rhizobacterial isolates used in this
experiment are given in Table 2.
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Determination of plant physical parameters

After harvest, roots and shoots were separated from soil
and shoot and root lengths and fresh and dry weights of
seedlings were determined with the help of analytical
balance and thereafter by oven drying at 70 °C to a con-
stant dry weight.

Quantification of chlorophyll and carotenoid
contents

Chlorophyll a, b and carotenoid contents were measured in
the acetone extract (80 % v/v) by using spectrophotometer
at 663, 645 and 480 nm wavelengths, respectively (Arnon
1949).

Determination of protein and proline contents

Bovine serum albumin (BSA) was used as a standard to
measure the concentration of protein; whereas, proline
contents were determined spectrophotometrically at
520 nm wavelength (Bradford 1976).

Plant enzymes activity

Frozen leaf material (0.5 g) was homogenized in 3 ml of
cold solution containing 50 x 107> M Na phosphate buf-
fer (pH 7.8), 1 x 10~ M ethylenediaminetetraacetic acid
and 2 % (w/v) polyvinylpolypyrrolidone for plant enzymes
activity. The homogenate was centrifuged at 0 °C for
40 min at 13,000g. Glutathione S-transferase is measured
by following the method of Habig et al. (1974). Briefly, the
phosphate buffer with pH 6.5 and 100 mM concentration
was used to homogenize the samples. Then the homoge-
nized samples were centrifuged at 9000g for 30 min. The
change in optical density was measured at 340 nm wave
length. The methods of Nakano and Azada (1987) and
Cakmak and Horst (1991) were followed for the

Table 2 Characterization of rhizobacterial strains

spectrophotometric measurement of peroxidase and cata-
lase activity. Briefly, the final solution (3 ml) was made by
the addition of 100 pl of enzyme extract, 50 pl of 0.3 %
H,O, and 2850 pl phosphate buffer NaK-ascorbate
(50 mM NakK, 0.5 mM ascorbate) with pH 7.2. The activity
was measured spectrophotometrically at the wave length of
290 and 240 nm, respectively.

Cadmium accumulation and uptake in plant

Cadmium contents in plants were measured by dry ashing.
1 g of ground plant material was taken in porcelain cru-
cibles (50 ml) and placed in a cool muffle furnace. The
temperature of the muffle furnace was increased gradually
to 550 °C, and the sample is kept in the muffle furnace for
5 h. After 5 h, muffle furnace was shut off and left for
cooling and crucibles were taken out carefully. The sample,
i.e. cooled ash was dissolved in 5 ml of 2 N HCI] and mixed
thoroughly with the help of a plastic rod, for 20 min. After
mixing the volume was brought up to 50 ml, and was fil-
tered by using Whatman no. 42 filter paper. The metal
contents in the extract were determined by using the atomic
absorption spectrophotometer (Page et al. 1982).

Experimental design

Three different rhizobacterial strains, strain 1 containing
ACC-deaminase activity (SACC1, SACC2); strain 2 hav-
ing nitrogen fixing ability (Azotobacter, SN1) and strain 3
having both ACC-deaminase activity and nitrogen fixing
ability (SAN1, SAN2) were selected to test their compar-
ative effectiveness under Cd pollution. The Cd was applied
as a CdCl, solution to a sterilized soil (3 kg/pot) in each
pot maintaining the concentrations of 0, 50, 100, 150 and
200 mg Cd kg~ of soil. Soils mixed with Cd were allowed
to equilibrate for 15 days and then seeds of wheat (variety
Uqab-2000) were sown at the rate of six seeds per pot
which were thinned up to two seedlings in each pot after

PGPR ACC-deaminase activity Nitrogen Phosphorous IAA production Root colonization Phosphate
isolates (umol o-ketobutyrate fixing activity solubilization mg 17! CFU g/root solubilizing index
g-biomass 1/2 h™") - - (PSI)

With Without

L-TRP L-TRP
SACCl1 11.8 —Ve +Ve 8.3 7.8 2.3 x 107 1.01 £ 0.11
SACC2 9.25 —Ve —Ve 58 59 1.6 x 10’ -
SAN1 7.51 +Ve +Ve 13.8 6.7 52 x 107 1.89 £ 0.17
SAN2 541 +Ve +Ve 10.7 4.8 42 % 107 1.45 £ 0.12
Azotobacter  0.0004 +Ve —Ve 7.6 52 3.1 x 107 -
SN1 0.0002 +Ve +Ve 59 44 2.5 x 107 1.14 £ 0.14

—Ve = absent, +Ve = present
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germination. For inoculation, the germinated seeds were
dipped in broth having selected rhizobacterial isolates. For
control treatments, the wheat seeds were treated with
0.03 M MgSO,. Sterilized Y2 strength nitrogen-free
Hoagland solution was used to provide nutrients to growing
seedling. The experimental pots were organized in com-
plete randomized design (CRD), with four replications, in a
growth room under axenic conditions. After 35 days of
germination, wheat plants were harvested and growth
parameters, Cd uptake and antioxidant enzymes, i.e. GST,
POX and Cata were recorded.

Statistical analysis

The Statistix 8.1 (Statistix, USA) was used for the statis-
tically analysis of data. Parametric statistics of ANOVA
analysis was conducted to estimate the effect of rhizobac-
terial-isolate treatment on plant growth, under Cd pollu-
tion. A least significant difference (LSD) test at P < 0.05
was done to measure the mean separations.

Results
Shoot and root lengths

Inoculation with rhizobacterial isolates caused a significant
(P < 0.05) increase in the shoot and root lengths of wheat
seedlings under all Cd levels, i.e. 50-200 mg kg~ soil.
Evaluating the effectiveness of rhizobacterial isolates
under all Cd levels (50, 100, 150 and 200 mg Cd kgf1
soil), the rhizobacterial isolates with both ACC-deaminase
and nitrogen fixing abilities, i.e. SAN1 and SAN2 produced
highest increase in the shoot and root lengths, followed by
rhizobacterial isolates having ACC-deaminase activity
alone (SACC1 and SACC2), and then rhizobacterial iso-
lates having N fixing ability, i.e. Azotobacter and SNI1
(Fig. 1). The inoculation with rhizobacterial isolates,
namely SAN1 and SAN?2 increased the means of the shoot
and root lengths by 13.7- and 5.7-fold and 11.4- and 4.5-
fold, respectively, compared to control (Table 3). Con-
versely, the increase in the means of the shoot and root
lengths due to the inoculation of SACC1 and SACC2 was
9.2- and 3.7-fold and 6.6- and 2.3-fold correspondingly
compared to control (Table 3). The minimum increase in
the means of the shoot and root lengths was observed in the
treatments inoculated with Azotobacter and SN1 ranged
from 4.0- and 1.5-fold to 2.9- and 1.0-fold (Table 3).

Fresh and dry weights of seedling

The effect of rhizobacterial inoculation on the fresh and dry
weights of wheat seedlings, under Cd pollution is presented

in Fig. 2. Rhizobacterial isolates inoculation produced sig-
nificant (P < 0.05) improvement in the fresh and dry weights
of the seedlings, under all Cd levels, i.e. 50-200 mg kg™
soil. Generally the effective trend of the rhizobacterial iso-
lates on the fresh and dry weights of wheat seedlings was in
the order SAN1 > SAN2 > SACCI > SACC2 > Azoto-
bacter > SN1. Inoculation with rhizobacterial isolates
SANI and SAN?2 increased the means of the fresh and dry
weights of wheat seedlings, i.e. 3.24 and 0.57 g and 2.40 and
0.47 g, respectively, compared to uninoculated control
(Table 3). On the other hand, the increase in the means of the
shoot and root fresh and dry weights of wheat seedlings due
to the inoculation of SACC1 and SACC2 was 1.64and 0.39 g
and 1.01 and 0.26 g correspondingly compared to control
(Table 3). The least increase in the means of the shoot and
root fresh and dry weight was found in the treatments inoc-
ulated with Azotobacter and SN1, that ranged from 0.66 and
0.17 gt0 0.46 and 0.12 g compared to control (Table 3).

Chlorophyll a, b and carotenoid contents

The treatment with ACC-deaminase and/or nitrogen fixing
rhizobacteria considerably (P < 0.05) increased the
chlorophyll a, b and carotenoid contents under all Cd
levels, i.e., 50, 100, 150 and 200 mg Cd kg_1 soil (Fig. 3).
Rhizobacterial isolate SAN1 was found to be the most
effectual isolate that caused 18.1-, 21.2- and 38.2-fold
increase in the means of the chlorophyll @, b and carotenoid
contents over uninoculated control. The next effective
rhizobacterial isolates were SAN2, SACC1, SACC2,
Azotobacter and SN1 that resulted in about 15.3-, 19.2- and
32.9-fold, 13.4-, 17.2- and 27.8-fold, 10.3-, 14.1- and 24.0-
fold, 7.18-, 11.2, and 19.7-fold, 5.38-, 9.34-, and 17.9-fold
increase in the means of the chlorophyll a, b and carotenoid
contents, respectively, compared to control (Table 3).

Protein and proline contents

Rhizobacterial isolates having either nitrogen fixing and/or
ACC-deaminase  activity, substantially (P < 0.05)
increased the protein and proline contents of wheat seed-
lings under all Cd levels, i.e. 50-200 mg kg~" soil com-
pared to uninoculated control (Fig. 4). The most promising
rhizobacterial isolate was SAN1 that caused an increase of
1.19 mg g~ and 2.42 pmol g~ ' in the means of the pro-
tein and proline contents of wheat seedlings over uninoc-
ulated control (Table 3). The rhizobacterial isolate SAN2
was the second efficient isolate that increased the means of
the protein and proline contents from 0.90 mg g~' and
1.67 umol g~' as compared to uninoculated control
(Table 3). The significant (P < 0.05) increase in the means
of the protein and proline contents was also observed when
inoculated with SACC1, SACC2, Azotobacter, and SNI,
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Fig. 1 Comparative 20
effect.iveness of AQC— . a N (0 mg kg™
min nd/or nitrogen
deg ase a d/o nitroge b 1 50 mg kg
fixing rhizobacteria on shoot 16 a pr— 4
and root length, under Cd c 100 mg kg
pollution. AB azotobacter, SL 14 1 a b 1 150 mg kg™
shoot length, RL root length. d B 200 mg kg™
Different letters a—e on bars 12 1 b a ¢
indicate significant differences g d
of mean values for SL and RL. = 10 7 ¢ b £
Bars represent standard errors »n a
8 d ¢
CK SACC1 SACC2 AB SN1 SAN1 SAN2
Treatmeants
10
. mg kg .
a T 50 mg kg'1
81 b a B 100 mg kg™
T 150 mg kg'1
a
c b B 200 mg kg™
—_— 6 T b
£
s 2 c
4 d
x c
E e
4 b a d
d
[ b a e

CK SACC1

1 1

and 1.26 pmol g™,
033mgg~" and

that ranged from 0.65 mg g~
047 mgg~" and 0.89 pmol g7,

0.55 umol g=!, to 023 mgg~' and 0.38 umol g,
respectively, as compared to control (Table 3).

Enzymes activity

The selected rhizobacteria’s inoculation considerably
(P < 0.05) increased the antioxidant enzymes, i.e. GST,
Pox and Cata activities, under all Cd levels, i.e.
50200 mg kg~ soil compared to control (Fig. 5). All
rhizobacterial isolates caused increase in the GST, Pox and
Cata activities and their means. Nevertheless, the isolate
SAN1 was the best isolate and caused maximum increase
in the means of GST, Pox and Cata activities, i.e. 13.2-,
9.22- and 10.2-fold, respectively, compared to control
(Table 3). The SAN2, SACC1 and SACC2 were the

@ Springer

SACC2 AB SN1
Treatmeants

SAN1 SAN2

subsequently best effective rhizobacterial isolates and
caused an increase of 11.1-, 7.22- and 8.26-fold, 9.08-,
5.29- and 7.18-fold, and 6.10-, 3.65- and 5.25-fold increase
in the means of the GST, Pox and Cata activities, respec-
tively, compared to control (Table 3). Whereas, Azoto-
bacter and SN1 caused a minimum increase in the means of
the GST, Pox and Cata activities comparing to control, i.e.
3.72-, 2.54- and 3.65-fold, and 2.52-, 1.65- and 2.27-fold
(Table 3).

Cadmium uptake in shoot and root

The rhizobacterial inoculation significantly (P < 0.05)
decreased Cd uptake in the shoot and root of the wheat
seedlings, under all Cd levels, i.e. 50, 100, 150 and 200 mg
Cd kg~ soil compared to control (Fig. 6). The rhizobac-
terial isolate SAN1 was the most effectual isolate and
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Table 3 Means of physical, chemical and enzymatic growth parameters and Cd uptake of wheat seedlings under Cd pollution

Treatments SL (cm) RL (cm) SFW (g) SDW (g) Chl a (pg/) Chl b (pg/l) Cart (pg/l)
CK 2.33 £ 043 0.60 £ 0.02 0.28 + 0.01 0.07 £ 0.01 3.68 = 0.09 6.16 £ 0.31 12.9 £ 0.78
SACC1 9.26 + 0.97 3.70 £ 0.11 1.64 £+ 0.17 0.39 +£ 0.07 13.4 £ 0.35 17.2 £ 0.97 27.8 £ 1.23
SACC2 6.62 + 0.87 2.30 + 0.09 1.01 £ 0.13 0.26 + 0.04 10.3 £ 0.19 14.1 &£ 0.95 24.0 £ 1.11
AB 4.04 £ 0.71 1.51 + 0.07 0.66 + 0.05 0.17 + 0.02 7.18 £ 0.13 11.2 + 0.87 19.7 + 1.01
SN1 291 + 0.39 1.01 + 0.06 0.46 + 0.04 0.12 + 0.03 5.38 £ 0.11 9.34 £ 0.72 17.9 + 1.05
SANI1 13.7 + 0.98 5.70 + 0.47 324 +£0.22 0.57 + 0.06 18.1 £ 0.31 21.2 £ 0.45 38.2 + 1.91
SAN2 11.4 £ 0.95 4.52 + 0.52 2.40 £+ 0.13 0.47 £ 0.04 153 £ 0.21 19.2 £ 0.38 329 £ 1.81
Treatments Protein (mg/g) Proline (umol/g) GST (units/mg) Pox (units/mg) Cata (units/mg) Shoot Cd (mg/kg) Root Cd (mg/kg)
CK 0.16 + 0.02 0.22 £ 0.05 1.57 + 0.06 1.01 £ 0.11 1.12 £ 0.11 445 + 0.85 2.81 £ 0.19
SACC1 0.65 + 0.9 1.26 + 0.17 9.08 + 0.89 5.29 + 0.56 7.18 £ 0.91 1.06 + 0.31 0.74 + 0.08
SACC2 0.47 + 0.05 0.89 £ 0.09 6.10 £+ 0.98 3.65 £ 0.76 5.25 + 0.86 1.60 £ 0.51 1.04 + 0.11

AB 0.33 + 0.04 0.55 £ 0.06 3.72 £ 0.76 2.54 + 0.56 3.65 + 0.67 2.24 + 0.57 1.64 + 0.13

SN1 0.23 + 0.02 0.38 £ 0.04 2.52 £ 0.79 1.65 £ 0.11 2.27 + 0.65 2.82 + 0.72 2.25 +0.29
SANI1 1.19 + 0.07 242 +0.21 13.2 + 0.98 9.22 + 0.89 10.2 + 0.97 0.47 £ 0.07 0.38 + 0.05
SAN2 0.90 + 0.08 1.67 £ 0.13 11.1 £ 0.84 7.22 £ 091 8.26 £ 0.91 0.63 £+ 0.09 0.53 + 0.09

SL shoot length, RL root length, SFW seedling fresh weight, SDW seedling dry weight, Chl a chlorophyll a, Chl b chlorophyll b, cart carotenoids,

GST glutathione S-transferase, Pox peroxidase, cata catalase

caused least Cd uptake and minimum increase in the means
of the Cd uptake in the shoot and root of the wheat seed-
lings compared to control, i.e. 0.47 and 0.38 mg Cd kg™'
(Table 3). The effectual trend of remaining rhizobacterial
isolates was in the order SAN2, SACC1, SACC2, Azoto-
bacter and SNS5 that resulted in lowest Cd uptake, and
means in the shoot and root of the wheat seedlings com-
pared to control, that ranged from 0.63 and 0.53 mg
Cd kg™', 1.06 and 0.74 mg Cd kg™ ', 1.60 and 1.04 mg
Cd kg™', 2.24 and 1.64 mg Cd kg~', 2.82 and 2.25 mg
Cd kg™' in the plant shoot and roots, compared to control
(Table 3).

Characteristics of isolates

Important characteristics of experimental rhizobacterial
isolates are given in Table 2. It was observed that rhi-
zobacterial isolate SAN1 had maximum root colonization
activity, i.e. 6.8 x 10’ and produced more indole acetic
acid, i.e. 19.5 mg 17" in the presence of L-TRP. On the
other hand, rhizobacterial isolate SACC1 had highest
ACC-deaminase activity, i.e. 15.6 umol o-ketobutyrate
g-biomass 1/2 h™".

Discussion
Comparative effectiveness of rhizobacterial isolates

showed that the isolates having both ACC-deaminase and/
or nitrogen fixing activity (i.e. SAN1 and SAN2) caused

highest increase in the root and shoot lengths, and fresh and
dry weights of the wheat seedlings under Cd contamination
than other rhizobacterial isolates (SACC1, SACC2, Azo-
tobacter and SN1) and uninoculated control (CK). Overall
the comparative effectiveness of rhizobacterial isolates was
in the order SAN1 > SAN2 > SACC1 > SACC2 > Azo-
tobacter > SN1 (Figs. 1, 2). Eva et al. (2012) investigated
the effects of biofertilizers on plant production and nutrient
uptake of maize and sunflower under Cd pollution at
Debrecen, Hungary, and concluded that bacterium-con-
taining biofertilizers alleviated the Cd stress and enhanced
the root and shoot growth and fresh and dry weights. Sinha
and Mukherjee (2008) observed the effects of PGPR
(Pseudomonas aeruginosa) inoculation on the growth of
mustard and pumpkin plants in Cd-added soil at West
Bengal, India, and concluded that PGPR inoculation sub-
stantially improved the plants growth, e.g. root and shoot
lengths, and fresh and dry biomass, and reduced the Cd
uptake. Madhaiyan et al. (2007) set an experiment at
Chungbuk, Korea, to examine the PGPR inoculation effects
on the growth and development of tomato (Lycopersicon
esculentum L.) under Cd and Ni pollution and found that
PGPR strains (CBMB20 and CBMB40) reduced the toxi-
city of Cd in tomato and promoted plant growth, e.g. shoot
and root lengths and biomass by decreasing the further Cd
uptake.

The results of chlorophyll a, b and carotenoid contents
showed that among all rhizobacterial isolates, the SAN1
isolate with both ACC-deaminase and nitrogen fixing
activity, showed highest increase in the chlorophyll aq,
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Fig. 2 Comparative 6
effectiveness of ACC-

deaminase and/or nitrogen

fixing rhizobacteria on seedling 51
fresh and dry weight, under Cd

pollution. AB azotobacter, SFW

seedling fresh weight, SDW 41
seedling dry weight. Different

letters a—e on bars indicate C) a
significant differences of mean E 37

values for SFW and SDW. Bars »n

represent standard errors ) b

N (0 mg kg'1
1 50 mg kg'1

B 100 mg kg'1
7 150 mg kg'1
B 500 mg kg

SACC2 AB SN1
Treatmeants

SAN1

SAN2

CK SACC1
1.0
0.8
a
0.6 -
b

SDW (g)

CK SACC1

b and carotenoid contents, under all Cd levels, i.e.
50-200 mg Cd kg~ soil, compared to other rhizobacterial
isolates and uninoculated control (Fig. 3). The effectual
trend of other rhizobacterial isolates was in the order
SAN2 > SACC1 > SACC2 > Azotobacter > SN5. Stefan
et al. (2013) observed the effect of PGPR inoculation on
the growth of runner bean and found that PGPR inoculation
considerably increased the chlorophyll and carotenoid
contents of the runner bean. Azevedo et al. (2012) stated
that inoculation of agricultural and horticultural crops with
beneficial microorganisms (PGPR) could be used to
improve the chlorophyll and photosynthesis and ultimately
overall growth of the plants under biotic and abiotic
stresses, i.e. heavy metal pollution.

Significant increase in the plant protein and proline was
observed after inoculation with rhizobacterial isolates,
under all Cd levels, i.e. 50200 mg Cd kg~' soil. However,

@ Springer

N (0 mg kg'1
a CJs0 mg kg'1

B 100 mg kg ™!
T 150 mg kg ™!
I 500 mg kg -

SACC2 AB SN1
Treatmeants

SAN1

SAN2

rhizobacterial isolate SAN1, with both ACC-deaminase
and nitrogen fixing abilities, was the best among the all
experimental rhizobacterial isolates, and caused the highest
increase in the plant protein and proline contents (Fig. 4).
The comparative efficacy of other rhizobacterial isolates on
the plant protein and proline contents was in the order
SAN2 > SACCI1 > SACC2 > Azotobacter > SNS5 >.

Mendoza-Cdzatl et al. (2011) examined a high tolerance to
metal toxicity upon inoculation with effective rhizosphere
bacteria (PGPR) and concluded that this tolerance can be
related to the production of more protein and proline and
other phytohormones. Andrews et al. (2010) observed that
microorganisms can interact positively with plants in
agricultural systems in relation to their nutrition and ability
to resist biotic and abiotic stresses (e.g. heavy metal pol-
lution) by producing different antibiotics and phytohor-
mones (e.g. protein, cysteine, ascorbic acid, thiols, and



Environ Earth Sci (2016) 75:267

Page 9 of 14 267

Fig. 3 Comparative
effectiveness of ACC-
deaminase and/or nitrogen
fixing rhizobacteria on
chlorophyll a and b and
carotenoid content, under Cd
pollution. AB azotobacter, Chl a
chlorophyll a, Chl b chlorophyll
b, cart carotenoids. Different
letters a—e on bars indicate
significant differences of mean
values for Chl a, Chl b and Cart.
Bars represent standard errors
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Fig. 4 Comparative 25
effectiveness of ACC-
deaminase and/or nitrogen
fixing rhizobacteria on protein
and proline contents, under Cd
pollution. AB azotobacter.
Different letters a—e on bars
indicate significant differences
of mean values for protein and
proline contents. Bars represent
standard errors
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proline). Dell’ Amico et al. (2008) observed, resistance and
improvement in the growth of Brassica napus under Cd
stress at Milan, Italy, and stated that PGPR having ACC-
deaminase activity performed substantially better, and
increased the plant resistance and biomass, by producing
different phytohormones and antibiotics, e.g. protein, cys-
teine and proline.

Inoculation with rhizobacterial isolates had a positive effect
on plant antioxidant enzymes activity under all Cd levels, i.e.
50-200 mg Cd kg~ soil. However, the isolate SAN1 (with
both ACC-deaminase and nitrogen fixing activities) was the
best, among the all other experimental rhizobacterial isolates
and uninoculated control (Fig. 5). The overall effect of other
rhizobacterial isolates on the plant antioxidant enzymes activity
was in the order SAN2 > SACC1 > SACC2 > Azotobac-
ter > SN1. Ahemad and Kibret (2014) concluded that the
PGPR played a vital role in the production of a wide variety of

@ Springer
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Treatmeants

antioxidant enzymes, phytohormones and antibiotics in the
inoculated plants under stressed conditions to improve the plant
immunity. Sahran and Nehra (2011) reviewed that PGPR
increased the plant vigor and decreased the effect of many biotic
and abiotic stresses (e.g. heavy metals) by producing different
proteins, antibiotics and enzymes. Saleem et al. (2007) con-
cluded that PGPR produced some antioxidant enzymes and
phytohormones, e.g. ACC-deaminase, to regulate the ethylene
production by metabolizing ACC into o-ketobutyrate and NH3
and to protect the plants from many abiotic and biotic stresses.

Significant (P < 0.05) decrease in the Cd uptake in the
shoot and root of wheat seedling, under all Cd levels, i.e.
50-200 mg Cd kg~ soil, was observed upon inoculation with
rhizobacterial isolates compared to control (Fig. 6). Once
again rhizobacterial isolates having both ACC-deaminase
and/or nitrogen fixing activity, i.e. SAN1 and SAN2 per-
formed considerably better than rhizobacterial isolates
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Fig. 5 Comparative
effectiveness of ACC-
deaminase and/or nitrogen
fixing rhizobacteria on
glutathione S-transferase,
peroxidase and catalase enzyme
activity, under Cd pollution. AB
azotobacter, GST glutathione
S-transferase, Pox peroxidase,
cata catalase. Different letters
a—e on bars indicate significant
differences of mean values for
GST, Pox and Cata. Bars
represent standard errors
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possessing only ACC-deaminase (SACC1 and SACC2) and
nitrogen fixing (Azotobacter and SN1) ability, respectively.
The overall effect of thizobacterial isolates on the Cd uptake in
the shoot and root was in the order SAN1 > SAN2 >
SACC1 > SACC2 > Azotobacter > SN1. Ahemad and
Kibret (2014) stated that PGPR can facilitate plant growth and
increase the plant resistance against heavy metal stress by
directly influencing the metal solubility and speciation in the
rhizosphere. Sousa et al. (2012) evaluated the response of
Pinus pinaster seedlings to Cd exposure and found that
inoculation with effective microbes has a significant impact
on Cd immobilization and metal uptake in Pinus pinaster
seedlings. Azevedo et al. (2012) examined the Cd-induced
stress in plants and revealed that large population of bacteria
inhabiting the rhizosphere can influence the heavy metals
chelation, immobilization and uptake by plants.
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The ultimate reason for the SANI1 being the best rhi-
zobacterial isolate was, having both ACC-deaminase and
nitrogen fixing abilities, maximum root colonization
activity and ability to produced more IAA in the presence
of L-TRP (Table 2). Ahemad and Kibret (2014) stated that
IAA produced by certain rhizosphere bacteria engaged in
many plant developmental processes and plant defense
mechanisms. Glick (2012) reported that PGPR synthesiz-
ing IAA played a vital role in preventing the deleterious
effects of biotic and abiotic environmental stresses. Bianco
and Defez (2009) observed a high tolerance against abiotic
environmental stresses in the Medicago truncatula plants,
nodulated by the IAA-overproducing strain Sinorhizobium
meliloti (DR-64 PGPR). The differences in plant growth
promotion due to inoculation with different PGPR isolates
is may be due to the differences in their characteristics, i.e.
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ability to produce IAA, auxin, different hormones,
antioxidant enzymes, capability to hydrolyze the ACC in
plant roots and ability to colonize plant roots (Ahemad and
Kibret 2014; Ahemad 2012).

Conclusions

Treatment of agricultural crops with PGPR is a promising
approach to utilize Cd affected soils, and hence increase
the agricultural land and crop production. PGPR protect the
plants from the deleterious effects of Cd pollution by
producing phytohormones and antioxidant enzymes, and
by decreasing the Cd release and bioavailability in soils.
Rhizobacteria having both ACC-deaminase and nitrogen
fixing activity are more effective and resilient under Cd
pollution than rhizobacteria containing either ACC-deam-
inase or nitrogen fixing activity alone for growth promotion
of agricultural crops. It is important to increase the working
and productive efficiency of a specific PGPR under dif-
ferent heavy metals with the proper optimization and
acclimatization. Further in-depth research is essential to
find out promising PGPR and to test their functioning
mechanisms and effectiveness under soils polluted with
different heavy metals or their mixtures.
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