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Abstract

Sunflower (Helianthus annuus L.) is an important ornamental plant and good source of vegetable oil, widely accepted
as potential promising plant for phytoremediation. A pot experiment was conducted to evaluate the impact of cadmium on
the growth and some biochemical attributes of sunflower and role of arbuscular mycorrhizal fungi (AMF) in assuaging the
cadmium stress induced changes. Cadmium treatment reduced growth, chlorophyll contents and cell membrane stability.
AMF inoculated plants showed increased growth, chlorophyll contents and cell membrane stability and also mitigated
changes caused due to cadmium. Cadmium caused increase in lipid peroxidation, and hydrogen peroxide production. An
increase in antioxidant enzyme activity was observed due to cadmium treatment which was further enhanced by inoculation
of AMF. Increase in proline and total phenols due to cadmium stress was obvious. Cadmium stressed plants showed
enhanced fatty acid content. AMF inoculated plants showed higher activities of acid and alkaline phosphatases which were
reduced by cadmium stress. However palmitoleic acid (C16:1), oleic (C18:1), linoleic (C18:2) and linolenic acid (C18:3) reduced
in cadmium treated plants and the negative impact of cadmium was mitigated by AMF.
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Introduction
Cadmium is one of the toxic heavy metals present in
soil in low concentrations. Due to its high mobility
between soil-plant systems it is quickly absorbed by the
plants and transported to upper sensitive parts (Hart et al.,
1998). Increase in cadmium concentration causes
retardation of growth leading to necrosis, altered nutrient
uptake, reduced enzyme activity and phytotoxicity
(Groppa et al., 2012). Both natural as well as
anthropogenic processes further contribute to increase
cadmium levels in the soil so further aggravating its
deleterious effects on crop growth. Smelting, mining,
excessive phosphate fertilization, sewage sludge and use
of cadmium polluted water for irrigation are the prime
sources of cadmium pollution (Zoffoli et al., 2013).
Although cadmium is a non-redox heavy metal but
induces oxidative stress by triggering the excess
generation of reactive oxygen species [ROS] (AlDhaibani et al., 2013). Cadmium alters redox homeostasis
by reducing activities of the enzymes involved in the
maintenance of the redox homeostasis and hence resulting
in the generation of ROS through interfering with the
electron transport chain (Yan et al., 2013). ROS cause
peroxidation of membrane lipids leading to loss of
integrity and hence leakage. Moreover ROS also causes
oxidation of nucleic acids, proteins and chlorophylls
thereby affect the normal functioning of cell (Ahmad et
al., 2010a; Wu et al., 2014). Plants use several indigenous
strategies to avert the toxic effects of cadmium stress.
Increased synthesis and accumulation of organic solutes
for maintaining the cell water content, upregulation of the
activities of antioxidants for quick scavenging of ROS

contribute to better adaptation of the plants to stress
conditions (Yan et al., 2013). Antioxidant defence
includes both enzymatic as well as non enzymatic
constituents for example, superoxide dismutase (SOD),
catalase (CAT), peroxidase (POD), glutathione reductase
(GR) and phenolics.
Primary effect of heavy metal stress is the damage to
the cellular membranes and causing alteration in lipid
composition of membranes. Heavy metal stress causes
conversion of polyunsaturated fatty acids into small
fragments of hydrocarbons (Kappus, 1985). In addition to
this metal ions replace calcium at the plasma membrane
sites easily. Increased membrane lipid peroxidation
results in loss of membrane integrity and consequently
affecting nutrient uptake (Quartacci et al., 2000). Stress
induced changes in membrane compositions might have
both adaptive as well as deleterious effects on plant
physiology (Mansour & Salama, 2004).
Several plants such as Helianthus annuus (Kavitha &
Nelson, 2013); Ephedra aphylla (Alqarawi et al., 2014);
Solanum lycopersicum (Hashem et al., 2015) and Vicia
faba (Hashem et al., 2014) are in intimate association
with arbuscular mycorrhizal fungi. AMF has been widely
accepted as one of the biological tool for mitigating the
adverse effects of stresses on crop plants (Wu et al.,
2014). AMF promotes plant growth by bringing morphophysiological and biochemical changes in host plants.
AMF causes modification in root morphology so as to
mediate increased water and mineral uptake (Alqarawi et
al., 2014; Hashem et al., 2015). AMF has been reported
to enhance uptake of essential mineral nutrients (Aroca et
al., 2013; Wu et al., 2014; Hashem et al., 2015).
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Sunflower (Helianthus annuus L.) is an important
ornamental plant and a good source of vegetable oil used
for chemical and industrial purposes (Riva & Calzoni,
2004) and is considered as an important component of
phytoremediation of inorganic and organic soil
contaminants (Adesodun et al., 2010; Fassler et al.,
2010). Present experiments were conducted with the aim
to evaluate the deleterious impact of cadmium stress on
growth of sunflower focusing on the antioxidant
components and the fatty acid composition and the role of
AMF in mitigating the stress impacts.
Material and Methods
The pot experiment: Seeds of salt tolerant sunflower
(Helianthus annuus L., cultivar, Sakha 53) were obtained
from Agricultural Research Center, Giza, Egypt. The
experiment was set-up in a factorial completely randomized
design and each treatment replicated thrice. Seeds were
surface sterilized with sodium hypochlorite (0.5%) for 3
min and washed thoroughly with distilled water before
germination on blotter. The germinated seeds were planted
in plastic pots (25 cm in diameter) which containing peat,
perlite and sand (1:1:1). Thinning was done by maintaining
one plant per pot. The seedlings were allowed to grow for
ten weeks under constant temperature 25±4 oC and 12 h of
photoperiod with a photosynthetic photon flux density of
1500 μmol m–2 S–1. Plants were irrigated with full strength
Hoagland’s solution (Hoagland & Arnon 1950) for two
weeks. After two weeks of germination (four to five leaves)
cadmium stress was induced by supplementing Hoagland’s
solution with 100 µM CdCl2 and 50ml was used for
irrigation after every two days. Pots receiving only
Hoagland’s solution served as control. The arbuscular
mycorrhizal fungi used in the present study was previously
isolated from salt march soil (Hashem et al., 2014). AMF
was added as mixture of Funneliformis mosseae (syn.
Glomus mosseae), Rhizophagus intraradices (syn. Glomus
intraradices) and Claroideoglomus etunicatum (syn.
Glomus etunicatum). The mycorrhizal inoculum was added
to the experimental pots as 10 g of trap soil (approximately
100 spores/g trap soil, M= 80%). The control plants were
kept free of AMF and only supplied with normal
Hoagland’s nutrient solution. At the end of pot experiment,
the plants were removed from the pots very carefully and
the morphological characters were measured. Fresh plant
samples were dried at 70°C up to two successive weights
and dry mass of all samples measured.
Determination of arbuscular mycorrhizal colonization:
The mycorrhizal spores from the experimental soil of each
treatment were extracted by wet sieving and decanting
method as described by Daniels & Skipper (1982) and
modified by Utobo et al., (2011). Total population of
mycorrhizal spore was calculated per hundred gram soil.
The root system was washed carefully in ice-cold water
(4oC) and cleaning was done in 10% KOH followed by
staining with trypan blue in lactophenol. The stained root
segments (100 segment/treatment, approximately 25-30, 1
cm long root) were examined under light microscope at
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400x magnification. The intensity of fungal infection
(mycelium, vesicles and arbuscules) and development
within the infected regions of the roots were calculated
according to the following formula:

Determination of acid phosphatase and alkaline
phosphatase activity: The activity of both acid
phosphatase (EC 3.1.3.2) and alkaline phosphatase (EC
3.1.3.1) were determined according to Gianinazzi-Pearson
& Gianinazzi (1976). The reaction mixture of acid
phosphatase contained 0.2 ml of enzyme extract, 1.0 ml of
5.5 mM p-nitrophenol phosphate in 5.5 mM citrate buffer
(pH 4.8). In case of alkaline phosphatase, 0.05M triscitrate (pH 8.5) was used instead of citrate buffer (pH
4.8). The reaction mixture was incubated at 37 oC for 30
minutes and the reaction stopped by adding 10 ml of 200
mM NaOH. Absorbance was recorded at 410 nm and the
activity was expressed as μmol p-nitrophenol released
min-1 mg protein-1.
Determination of phosphorus (P): Phosphorous was
estimated by digesting dry plant sample in nitricperchloric acid and using Vanado-molybdophosphoric
colorimetric method (Jackson, 1962). Standard curve (10–
100 μg/ml) of potassium dihydrogen phosphate (KH 2PO4)
was used as reference.
Determination of cadmium (Cd): Dry plant material
(0.5 g) was digested in mixture of nitric acid and
perchloric acid (4:1) using the hot block digestion
procedure (overnight at 60oC) according to the method of
Jackson (1962) and described in details by Burd et al.
(2000). After cooling, 1.0 ml of hydrogen peroxide (30%,
v/v) was added to each sample and incubated for 2 hours.
The cadmium concentration was measured by flame
atomic absorption spectrophotometer (Perkin Elmer
AA700, USA).
Photosynthetic pigments: Photosynthetic pigments were
extracted from leaf samples (0.5 g) in 80% acetone as
described by Arnon (1949). The optical densities of the
supernatant were recorded at 480, 645 and 663 nm against
a blank containing acetone (80%). Contents of
chlorophylls and carotenoids were calculated using the
following formulae:
Chl a (mg g f.wt.-1) = [12.7(OD 663)-2.69(OD 645) x V/ 1000 x W]
Chl b (mg g f.wt.-1) = [22. 9(OD 645)-4.68(OD 663) x V/ 1000 x W]
Carotenoids (mg g f.wt.-1) = Acar/Em x100
where, V represents volume of the aliquot and W, weight of tissue
Acar= OD 480 + 0.114(OD 663)-0.638(OD645) and Em = 2500.

Estimation of proline: Leaf samples (0.5 g) were
extracted using sulfosalicylic acid followed by
centrifugation at 3000g for 30 minutes. Known volume
(2.0 ml) of supernatant was mixed with same volume of
acid ninhydrin solution [1.25 g ninhydrin, with 30 ml
glacial acetic acid, and 20 ml of 6 M phosphoric acid] and
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glacial acetic acid. The samples were incubated at 100°C
for 10 min and reaction was terminated by keeping the
tubes in container filled with ice. After cooling, proline
was separated with 4 ml toluene and optical density was
measured at 520 nm. The toluene was used as blank
(Bates et al., 1973).
μmol proline g-1 FW = μg proline mL-1 x mL of
toluene/115.5)/sample wt (g).
Relative membrane permeability (RMP): The method
of Yang et al. (1996) was used to measure RMP of the
leaf tissues. In this method, discs were cut from fully
developed 3rd leaf from each plant and placed in test tubes
filled with 20ml distilled H2O and initial electrical
conductivity (EC0) of each sample was recorded. The
samples were stored at 4oC for one day and conductivity
(EC1) was measured again. Samples were then autoclaved
for 20 minutes, cooled to room temp and conductivity
(EC2) was recorded. The cell membrane permeability was
calculated as follow:
Relative membrane permeability (%) = [(EC1-EC0) /
(EC2-EC0)] x 100
Estimation of hydrogen peroxide (H2O2): Hydrogen
peroxide was estimated according to the method of
Velikova et al. (2000). Fresh leaf tissue (0.5 g) was
macerated with 5 ml of 0.1% tri-chloroacetic acid (TCA).
Homogenate was then centrifuged at 12,000g for 15 min.
To 0.5 ml of the supernatant, 0.5 ml of potassium
phosphate buffer (pH 7.0) and 1 ml of potassium iodide
were added. After vortexing the mixture its OD was read
at 390 nm.
Estimation of lipid peroxidation (malondialdehyde,
MDA): Lipid peroxidation was determined by measuring
the amount of MDA produced by the thiobarbituric acid
reaction as described by Heath & Packer (1968). The
absorbance was recorded at 600 nm and 532nm (1%
thiobarbituric acid in 20% trichloroacetic acid was used as
blank). The concentration of MDA was calculated using
an extinction coefficient of 155 mM cm-l.
MDA = Δ (OD532-OD600)/1.56×105
Estimation of total phenolics: The total phenolics were
extracted with 80% (v/v) acetone and estimated using
sodium carbonate (20%) and Folin and Ciocalteau’s
phenol reagent following Julkunen-Tiitto (1985). The
optical density of the mixture was read at 750 nm.
Standard curve of pyrogallol was used as reference.
Lipid extraction and separation: The total lipids were
extracted according to the method of Folch et al. (1957)
modified by Bligh & Dyer (1959) using chloroform:
methanol (2:1 v/v); 0.05% L–1 and butylated
hydroxytoluene (BHT) was added to all solvents as
antioxidant to prevent lipid peroxidation (Cachorro et al.,
1993). Fatty acid methyl esters were prepared according

787

to the method described by Metcalfe et al. (1966). Methyl
esters of fatty acids were separated and quantified with by
gas liquid chromatography (GLC) [Perkin-Elmer Model
910, Perkin Elmer, Shelton, CT, USA] equipped with a
flame ionization detector (Johnson & Stocks, 1971). A
dual-open recorder and a computing integrator (PerkinElmer Model M1) were attached to GLC for recording.
Both the injector and detector were maintained at 230 and
250oC, respectively. Nitrogen was used as the carrier gas
at 1 ml/min with split injector system (split ratio 1:100).
The separation and quantitation of peak fatty acid methyl
esters were identified by comparing their retention times
with those of an authentic methyl ester standard (Sigma
Co., St. Louis, USA).
Extraction and estimation of antioxidant enzyme: Fresh
leaf samples (500 mg) were homogenized in 10 mL of
chilled 50 mM phosphate buffer (pH 7.8) (Malick & Singh,
1980). The extract was centrifuged at 15,000 x g for 15 min
at 4°C. The supernatant was used as enzyme source.
Protein in the enzyme extract was estimated according to
Lowry et al. (1951). Superoxide dismutase (SOD, EC
1.15.1.1) activity was determined by the method of
Giannopolitis & Ries (1977), by measuring the
photoreduction of nitrobluetetrazolium at 560 nm. The
reaction mixture contained 500 μL phosphate buffer (pH
7.8), 0.5 mL distilled H2O, 100 μL methionine, 50 μL NBT
and 50 μL enzyme extract. One unit of SOD was defined as
the amount of protein causing a 50% decrease of the SODinhibitable NBT reduction. SOD activity was expressed as
Unit mg-1 protein. Peroxidase (POD, EC 1.11.1.7) activity
was estimated according to Chance & Maehly (1955). In
this method, one ml reaction mixture contained 750 μL 50
mM phosphate buffer (pH 5.0), 100 μL guaiacol (20 mM),
100 μL H2O2 (40 mM) and 100 μL enzyme extract.
Increase in OD at 470 nm was recorded for 3 min at
interval of every 20 sec. The enzyme activity was
expressed as EU mg-1 protein. Method described by Chance
& Maehly (1955) was used for estimation of catalase
(CAT, EC 1.11.1.6) activity. The reaction mixture
contained 1.9 ml phosphate buffer (50 mM; pH 7.0) and 1
mL H2O2 (5.9 mM) and the reaction was initiated by
adding 100 μL of the enzyme extract. Decrease in OD at
240 nm was read spectrophotometrically for 2 min and
activity was expressed as EU mg-1 protein. The activity of
glutathione reductase (GR, EC 1.6.4.2) was determined
according to Carlberg & Mannervik (1985). The decrease
in absorbance was read at 340 nm for 2 min. The activity of
GR was calculated using the extinction coefficient of
NADPH of 6.2 mM-1 cm-1 and expressed as EU mg-l
protein. Guaiacol peroxidase (GPX, EC: 1.11.1.9) activity
was measured as described by Elia et al. (2003). The
oxidation of NADPH was recorded at 340 nm for 1 min
and the activity was calculated using the extinction
coefficient of 6.62 mM-1cm-1.
Statistical analysis: All experiments were repeated three
times. Treatment means were statistically analyzed using
Least Significant Difference (LSD) analysis of variance
for a completely randomized design.
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Results
Sunflower plants exposed to cadmium stress showed
reduced growth in terms of both fresh as well dry biomass
(Table 1). Cadmium stress reduced fresh and dry weight
of shoot by 55.04% and 34.7% respectively and that of
root by 34.6% and 45.2%. In AMF inoculated plants
increase in fresh and dry weight observed was 26.87%
and 52.1% for shoot and 61.5% and 51.1% for root. AMF
inoculation also mitigated the adverse impact of cadmium
on these attributes (Table 1). Moreover reduction in spore
population due to cadmium stress was reported 79.7%.
Percent reduction in mycelium, vesicles and arbuscules
was 84%, 57.3% and 73.02% respectively (Table 2).
Chlorophyll pigments also showed a decline due to
cadmium stress and AMF inoculated plants showed
higher content as compared to control (Table 3).

Percent increase in chlorophyll a, chlorophyll b total
chlorophyll and carotenoid contents in AMF inoculated
plants was 34.8%, 16.2%, 37.4% and 24.4%
respectively. Cadmium stress reduced chlorophyll a,
chlorophyll b total chlorophyll and carotenoid by
46.9%, 47.5%, 51.5% and 61.2% respectively.
However reduction in AMF inoculated cadmium
stressed (100 µM Cd +AMF) plants was only 27.4%,
24.7%, 26.7% and 26.53% respectively (Table 3).
Increase in MDA, H2O2 and RMP was observed in
cadmium treated plants. In cadmium stressed plants,
relative to control, MDA, H2O2 and RMP increased by
24.7%, 56.3% and 24.9% respectively (Table 4). Under
cadmium stress inoculation of AMF (100 µM Cd +AMF)
mitigated the negative impact of cadmium and increase in
H2O2 and RMP was only 10.3% and 6.6% respectively.

Table 1. Fresh weight (FW, g/ plant), dry weight (DW, g plant-1) of both shoot and root systems of H.
annuus, subjected to cadmium stress (100 µM) in presence and absence of Arbuscular mycorrhizal fungi
(AMF). Data presented are the means ± SE (n = 5).
Growth criteria
Treatment
Shoot
Root
FW
DW
FW
DW
17.04
2.39
1.39
0.17
Control
± 2.01
± 0.08
± 0.07
± 0.02
21.62
3.59
2.16
0.26
AMF
± 2.24
± 0.11
± 0.9
± 0.03
7.66
1.59
0.85
0.09
Cadmium
± 0.78
± 0.07
± 0.02
± 0.01
10.75
2.02
1.10
0.12
Cadmium + AMF
± 1.16
± 0.9
± 0.04
± 0.01
LSD at: 0.05
0.6892
0.2223
0.0813
0.0217
Table 2. Mycorrhizal spore count (MSC, number/ 100 g soil) and mycorrhizal colonization (myclium, vesicles,
arbuscules, %) of H. annuus, subjected to cadmium stress (100 µM) in presence and absence of Arbuscular
mycorrhizal fungi (AMF). Data presented are the means ± SE (n = 5).
Mycorrhizal colonization (%)
Treatment
MSC
Myclium
Vesicles
Arbuscules
408.32
63.47
47.66
84.54
AMF
± 15.01
± 3.12
± 2.35
± 5.11
82.706
10.11
20.33
22.66
Cadmium
± 6.32
± 1.78
± 2.41
± 2.01
LSD at: 0.05
42.11
4.21
3.15
7.35
Table 3. Pigments system (chlorophyll a, chlorophyll b, total chlorophylls, and carotenoid, as mg g fresh
weight-1) of H. annuus, subjected to cadmium stress (100 µM) in presence and absence of Arbuscular
mycorrhizal fungi (AMF). Data presented are the means ± SE (n = 5).
Pigments system (mg g fresh weight-1)
Treatment
Chlorophyll a
Chlorophyll b Chlorophyll a/b
Carotenoids
Total pigments
0.681
0.198
3.435
0.049
0.928
Control
± 0.08
± 0.02
± 0.76
± 0.01
± 0.13
0.918
0.230
3.982
0.061
1.209
AMF
± 0.13
± 0.07
± 0.76
± 0.01
± 0.63
0.361
0.104
3.515
0.019
0.485
Cadmium
± 0.08
± 0.02
± 0.72
± 0.01
± 0.07
0.494
0.149
3.302
0.036
0.680
Cadmium + AMF
± 0.06
± 0.03
± 0.71
± 0.01
± 0.06
LSD at: 0.05
0.02
0.01
0.43
0.01
0.02
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Table 4. Malondialdehyde (MDA, nm g fresh weight-1), hydrogen peroxide (H2O2, µM g fresh weight-1), relative
membrane permeability (RMP, %), free proline (FP, µM g fresh weight-1) and total phenols (TP, mg g fresh
weight-1) of H. annuus subjected to cadmium stress (100 µM) in presence and absence of Arbuscular
mycorrhizal fungi (AMF). Data presented are the means ± SE (n = 5).
Systemic resistance attributes
Treatment
MDA
H2O2
RMP
FP
TP
Control
54.17
240.27
50.56
0.658
3.47
AMF
56.32
264.28
43.11
0.512
3.78
Cadmium
67.55
375.63
63.15
0.869
4.63
Cadmium + AMF
59.77
298.00
53.91
0.718
3.93
LSD at: 0.05
1.28
4.01
1.63
0.01
0.10
Table 5. Phosphorus (mg/ g dry weight) and cadmium (µg g dry weight -1) contents of both shoot and root
systems of H. annuus, subjected to cadmium stress (100 µM) in presence and absence of Arbuscular
mycorrhizal fungi (AMF). Data presented are the means ± SE (n = 5).
Phosphorous
Cadmium
Treatment
Shoot
Root
Shoot
Root
1.87
0.81
Control
ND
ND
±0.14
±0.11
2.21
1.04
AMF
ND
ND
±0.19
±0.15
0.52
0.37
53.727
2436.8
Cadmium
±0.07
±0.03
±3.75
±78.12
0.64
0.62
14.627
709.73
Cadmium + AMF
±0.09
±0.05
±2.04
±10.41
LSD at: 0.05
0.08
0.14
5.33
80.17
ND: Not detected under the experimental conditions.
Proline accumulation increased in cadmium stressed
sunflower plants (Table 4). Inoculation of AMF caused a
slight decrease in proline content. In cadmium treated
plants proline content increased by 32.4% while as in
AMF inoculated cadmium stressed (100 µM Cd +AMF)
proline increased by 9.1% as compared to control (Table
4). Phenols also increased as a result of cadmium stress
as well as AMF inoculation (Table 4). AMF alone
increased phenols by 8.9% as compared to control
uninoculated plants. Relative to control, percent increase
in phenols due to cadmium stress without (100 µM Cd)
and with AMF (100 µM Cd +AMF) was 33.5% and
13.2% respectively (Table 4).
AMF inoculation caused a considerable increase in
the activities of antioxidant enzymes (Fig. 1A-E).
Cadmium stress (100 µM Cd) increased activity of SOD,
POD, CAT, GPX and GR by 178.9%, 36.07%, 73.4%,
53.9%, and 42.1% respectively. In combination with
cadmium, AMF (100 µM Cd+AMF) increased activity of
antioxidants. Relative to control, AMF inoculated plants
showed higher activities of antioxidant enzymes and the
percent increase being 46.8%, 4.2%, and 4.8% for SOD,
POD, and CAT respectively. However a slight decrease in
APX and GR was observed in AMF inoculated plants.
Under cadmium stress and AMF inoculation activity
of acid phosphatase and alkaline phosphatase increased
(Fig. 2). However the impact was more obvious in AMF
inoculated plants. Relative to control, percent increase in
activity of acid phosphatase and alkaline phosphatase
was 131.2% and 95.5% in AMF inoculated plants as
compared to cadmium stressed which showed 89.1% and
69.3% increase.

Cadmium stressed plants showed reduced uptake of
phosphorous while as AMF not only increased the
phosphorous uptake but also ameliorated the deleterious
effect of cadmium on phosphorous uptake (Table 5).
More phosphorous content was observed in shoot as
compared to root. In shoot and root percent increase in
phosphorous due to AMF was 17.6% and 26.4%,
respectively (Table 5). In shoot cadmium stress induced
percent reduction under non AMF (100 µM Cd) and AMF
(100 µM Cd +AMF) conditions was 72.1% and 54.6%
respectively (Table 5). In control and AMF inoculated
plants cadmium content was very low. Cadmium stressed
plants accumulated more cadmium in shoot as compared
to root. However AMF inoculated plants accumulated
lesser quantity of cadmium (Table 5).
In our study sunflower plant subjected to cadmium
stress showed a marked increase in total fatty acid
content (Table 6). Percent reduction in total fatty acid
content due to AMF was 55.1% and cadmium stressed
plant showed 58.84% increase as compared to control.
Individually, among the different lipid classes only few
including palmitoleic acid (C 16:1), oleic (C 18:1), linoleic
(C18:2) and linolenic acid (C 18:3) showed a decline with
cadmium treatment. A marked increase in these four
lipids was observed in AMF inoculated plants and
AMF inoculation also ameliorated cadmium effects on
these lipid classes (Table 6). Increase in palmitoleic
acid (C16:1), oleic (C 18:1), linoleic (C 18:2) and linolenic
acid (C18:3) due to AMF was 160.3%, 23.1%, 30.1%
and 15% respectively.
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Table 6. Free fatty acids (%) of H. annuus, subjected to cadmium stress (100 µM) in presence and absence of Arbuscular mycorrhizal fungi (AMF).
Treatment
C6
C8
C10
C12
C14
C15
C15:1
C16
C16:1
C17
C18
C18.1
C18.2
C18.3
C20
TS
Control
4.42 2.48 1.17 0.18 0.94 0.43
1.76 7.72
1.84
2.91 1.75 27.17 17.15 21.72 8.36
32.12
AMF
2.11 1.17 0.52 0.09 0.63 0.12
0.85 3.45
4.79
1.32 1.03 33.45 22.32 25.04 3.11
14.40
Cadmium
6.01 5.01 3.27 0.34 2.17 1.95
3.04 9.88
0.62
4.22 3.05 20.45 11.81 16.02 12.16
51.1
Cadmium + AMF 4.93 3.77 2.13 0.27 1.63 1.04
2.15 8.11
2.67
3.42 2.03 24.11 15.07 18.44 10.23 39.71
LSD at: 0.05
0.65 0.13 0.07 0.03 0.06 0.03
0.14 0.28
0.37
0.23 0.14
2.06
1.78
1.33
1.05
3.46
C6: Caproic acid; C8: Caprylic; C10: Capric; C12: Lauric; C14: Myristic; C15: Pentadecanoic; C15.1: Cis-10-Pentadecanoic acid; C16: Palmitic; C16.1:
Palmitoleic; C17: Heptadecanoic; C18: Stearic; C18.1: Oleic; C18.2: Linolenic; C18.3: Linolenic; C20: Arachidic; TS: Total saturation percent.

Fig. 1. A-E: Effect of cadmium (100 µM) on antioxidant
enzymes activity of H. annuus in presence and absence of AMF
Columns represent means for five plants (N=5) with error bars
showing standard deviation.

Fig. 2. Effect of cadmium (100 µM) on acid and alkaline
phosphatases activity of Helianthus annuus L., in presence and
absence of AMF Columns represent means for five plants (N=5)
with error bars showing standard deviation.

Discussion
Cadmium stress reduced the biomass (fresh as well as
dry) of sunflower considerably and the affect was
subsequently ameliorated by the inoculation of AMF.
Cadmium stress perturbs the activities of key metabolic
enzymes and promotes leaf necrosis leading to growth
retardation (Arduini et al., 1996; Amaya-Carpio et al.,
2009). Cadmium has been reported to reduce cell division
and elongation rates through its irreversible impact on
membrane potential and the proton pump responsible for
such growth promoting functions (Karcz & Kurtyka,
2007). Al-Dhaibani et al. (2013) also demonstrated
reduction in biomass accumulation in sunflower due to
cadmium application. Cadmium stress reduces hydraulic
conductivity and hamper cell wall extensibility resulting
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in deleterious impact on the morphological attributes of
plants (Ehlert et al., 2009). Our results of enhanced
growth due to AMF are in concurrence with the findings
of Zolfaghari et al. (2012) for Ocimum basilicum and
Tang et al. (2009) for Zea mays. Tang et al. (2009)
observed that inoculation of AMF mitigated the
deleterious impact of diesel stress by enhancing the
uptake of essential nutrients and maintaining the cell
water content. Moreover reduction in AMF colonization
due to stress in our results corroborate with the findings of
Pawlowska & Charvat (2004) and Aroca et al. (2013).
Pawlowska & Charvat (2004) have also reported
perturbed spore germination and reduced hyphal density
due to heavy metal stress.
Drastic decline in chlorophyll contents depicted in
our results due to cadmium application support the
findings of Rivelli et al. (2012) for Helianthus annus and
Mangal et al. (2013) for Abelmoschus esculentus L. and
Cyamopsis tetragonoloba L. Stress enhances activity of
chlorophylase enzyme resulting in impeded biosynthesis
of chlorophyll pigments. AMF induced enhancement in
chlorophyll pigment has earlier been reported by
Hajiboland et al. (2010) and Malekzadeh et al. (2012).
AMF enhances de novo synthesis of proteins and
chlorophyll because of its direct influence on the uptake
of magnesium which forms an important part of
chlorophyll molecule (Sheng et al., 2008).
Cadmium stress caused considerable increase in H2O2
production and lipid peroxidation in sunflower plants
which was mitigated by AMF inoculation. Our results of
increased H2O2 and MDA accumulation due to exposure
of cadmium is in corroboration with the results of Ouariti
et al. (1997) for tomato, Ahmad et al. (2011) for mustrad
and Hossain et al. (2006) for Chrysanthemum morifolium.
Stress induced peroxidation of lipids is widely accepted as
one of the important parameter for measuring the
magnitude of environmental stress. Membrane lipids are
very sensitive to ROS and undergo oxidation resulting in
the formation of peroxide radicals. Increased peroxidation
of membrane lipids result in loss of membrane integrity
and hence leakage of essential elements occurs (Macri et
al., 1994; Djebali et al., 2005). Moreover under stress
conditions lipoxygenase activity also goes up resulting in
rapid peroxidation of lipids and increased production of
peroxides and hydroxyl radicals which further deteriorate
the membranes and other cellular components (Clijsters et
al., 1991; Macri et al., 1994; Djebali et al., 2005). In rice,
Kuo & Kao (2004) also demonstrated an increase in the
production of H2O2 resulting in oxidative stress and
reduced growth. AMF ameliorated the negative impact of
cadmium stress by causing considerable reduction in
H2O2 production and MDA content. Reduced content of
MDA in AMF inoculated plants justifies the ameliorative
role of AMF. This AMF induced reduction in H 2O2 and
MDA may be ascribed to increased phosphorous
assimilation and antioxidant activity. H2O2 is a deleterious
ROS continuously produced during plant metabolism and
reduced H2O2 in AMF treated plants in our results support
the role of AMF in protecting plant cells from deleterious
impact of ROS. Ling-Zhi et al. (2011) also observed
ameliorative role of AMF under cadmium stress.
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Proline is one of the important osmotic constituent
actively involved in maintainence of cell water content.
Increase in proline content under cadmium stress was
obvious and further increase caused by AMF inoculation
infers the important role of AMF in enhancing stress
tolerance of plants. Under stress conditions activity of
proline synthesizing enzymes is upregulated while as its
catabolism is lowered (Ahmad et al., 2010b; 2014).
Proline protects membranes and other cellular structures.
Moreover it protects enzymes and mediates
neutralization of toxic ROS hence contributes to better
growth under stress conditions (Hare & Cress, 1997;
Irfan et al., 2014). Our findings of increased proline
accumulation due to cadmium stress is in support of the
findings of Zengin & Munzuroglu (2006) and Irfan et al.
(2014). In sunflower, Zengin & Munzuroglu (2006)
demonstrated increased accumulation of proline in
cadmium stressed plants leads to enhanced tolerance of
plants. Accumulation of higher contents of proline helps
to maintain osmotic balance of cells so that cell water
content can be maintained. Proline do not interfere with
the metabolic pathways rather it replaces water in these
processes (Zhifang & Loescher, 2003). Jindal et al.
(1993) and Ruiz-Lozano et al. (1995) also reported
enhanced proline accumulation in AMF inoculated plant
under normal as well as stressed conditions.
Plant phenolics are the broad group of secondary
metabolites having immense importance for plants.
Phenols are important non enzymatic antioxidants and are
involved in the interactions with several biotic and abiotic
factors (Reddy et al., 2004; Tomar & Agarwal, 2013).
Phenols mitigate stress by protecting plant cells from
oxidative stress and increasing membrane stability
(Burguieres et al., 2006; Khattab, 2007). Under stress
condition phenolic content of plants is enhanced
considerably so that the stress induced changes can be
averted. Increased accumulation of plant phenolics is
ascribed to the upregulation of the enzymes involved in
their synthesis (Scott et al., 2004; Wada et al., 2014). In
our study increased phenol content in stressed plants
corroborate with the findings of Tomar & Agarwal (2013)
for wheat, Wada et al. (2014) for pharbitis, Dawood et al.
(2014) for Vicia faba. AMF inoculated plants
accumulated slightly higher contents of phenols
contributing to better growth under normal as well as
stress conditions. In Salvia officinalis L., Nell et al.
(2009) also demonstrated that AMF colonized plants
showed enhanced phenol synthesis as compared to the
uninoculated counterparts.
Increase in activities of antioxidant enzymes due to
cadmium stress is in corroboration with the findings of
Milone et al. (2003) for wheat, Shan et al. (2012) Arachis
hypogaea L. and Irfan et al. (2014) for mustrad. Increased
activities of antioxidant enzymes results in quick
scavenging of toxic ROS therefore avoiding the oxidative
stress. AMF inoculation induced increment in antioxidant
activities is in support of the findings of Ling-Zhi et al.
(2011), Bhaduri & Fulekar (2012) and Malekzadeh et al.
(2012). SOD, POD, CAT, GPX and GR are important
antioxidant defence enzymes having active roles in ROS
detoxification. SOD is one of the key enzymes involved
in detoxification of superoxide radicals and hence
preventing cellular damage. H2O2 produced is further
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converted into water by the activity of either catalase or
peroxidase (Ashraf, 2009). GR is the important enzyme of
ascorbate-glutathione cycle and catalyses conversion of
oxidized glutathione (GSSG) into reduced glutathione
(GSH) and hence leading to maintainence of higher
GSH/GSSG ratio (Noctor & Foyer, 1998; Rausch et al.,
2007). In Ipomoea aquatica, Bhaduri & Fulekar (2012)
also demonstrated that cadmium stress increased the
activities of antioxidant enzymes and AMF inoculation
resulted in further enhancement of their activities
resulting in better stress adaptation and growth through
averting the ROS induced oxidative stress. Higher
activities of antioxidant enzymes in sunflower suggest
their importance in stress mitigation and enhancement in
the activities of antioxidants due to AMF inoculation
suggest the use of AMF as a potential prospective strategy
for enhancing tolerance level of sunflower.
In our results Cd concentrations decreased by AMF
inoculation to great degrees. Reduction in cadmium may
be because of the ability of fungal hyphae to bind heavy
metals outside and inside the roots and restrict their
uptake to upper parts (Hua et al., 2010). Decreasing the
uptake of cadmium to upper plant parts results in
maintained growth and metabolism through its effect on
the biomass dilution (Janouskova et al., 2007). Our results
are in corroboration with the findings of Toler et al.
(2005) for sorghum and Ling-Zhi et al. (2011) for Tagetes
erecta L. In Tagetes erecta L., it has been observed that
AMF inoculation reduced the uptake of cadmium to shoot
resulting in better adaptation to heavy metal polluted soils
(Ling-Zhi et al., 2011). AMF induced enhancement in
phosphorous nutrition has direct relation with growth,
antioxidant and nitrogen metabolism (Garg &
Manchanda, 2008; Aziz et al., 2011). In plants improved
uptake of phosphorous help to maintain vacuolar
membrane integrity and hence facilitating efficient
compartmentalization within vacuole and as well as
selective ion uptake so protecting cells from toxic ion
induced interference in metabolic pathways (Cantrell &
Lindermann, 2001). Our results are support the findings
of Ortas, (2010) and Hart & Forsythe (2012). AMF
increases phosphorous uptake because of its effect on the
root morphology and the enzymes of phosphate
metabolism. Our results of increased phosphorous content
in AMF treated plants is in confirmation with the results
of Amaya-Carpio et al. (2009) for Ipomoea carnea and
Prasad et al. (2012) for Chrysanthemum indicum L.
Our results of increased activities of alkaline and
acidic phosphatases in AMF inoculated plants are in
confirmation with the results of Amaya-Carpio et al.
(2009), Prasad et al. (2012) and Kebradadi et al. (2014).
Acid phosphatases (both alkaline and acidic) are the
active players in the processes of phosphorous nutrition
mediating efficient absorption, assimilation and
metabolism of phosphorous. AMF induced enhancement
in phosphatase activity could possibly mediate the release
of organically bound phosphorous and hence increasing
transport and uptake of phosphorous in AMF inoculated
plants. Increased activity of phosphatases has direct
bearing with the phosphorus metabolism. Bhadraiah et al.

(1999) observed a high degree of correlation between
phosphorous uptake and activity of phosphatases.
An obvious increase in total fatty acid content in
cadmium stressed plants was observed in our study.
Among the different fatty acids classes demonstrated
palmitoleic acid (C16:1), oleic (C18:1), linoleic (C18:2) and
linolenic acid (C18:3) decreased with cadmium stress and
AMF inoculation resulted in subsequent amelioration of the
negative effect. Our findings of reduced fatty acid
component under cadmium stress support the findings of
Ouariti et al. (1997), Nouairi et al. (2006), Elloumi et al.
(2014). In Prunus dulcis, Elloumi et al. (2014) also
observed alteration in fatty acid content due to cadmium
stress. Similar to our findings they also reported an increase
in certain classes including C16:0, and C18:0. Cadmium stress
induced reduction in palmitoleic acid (C16:1) and linolenic
acid (C18:3) observed in our study support the finding of
Nouairi et al. (2006) who have proposed cadmium stress
preferentially affects chloroplastic membrane lipids. In
leaves C18:3 fatty acid class is usually associated with
galactolipids that form more than 85% of total lipid
component of thylakoid and are ubiquitous for the
photosynthetic functions (Somerville & Browse, 1991;
Mizusawa & Wada, 2012).
Acknowledgment
The authors would like to extend their sincere
appreciation to the Deanship of Scientific Research at
king Saud University for its funding this Research group
NO. (RG 1435-014).
References
Adesodun, J.K., M.O. Atayese, T.A. Agbaje, B.A. Osadiaye,
O.F. Mafe and A.A. Soretire. 2010. Phytoremediation
potentials of sunflowers (Tithonia diversifolia and
Helianthus annuus) for metals in soils contaminated with
zinc and lead nitrates. Water Air Soil Pollut., 207(1-4):
195-201.
Ahmad, P., C.A. Jaleel and S. Sharma. 2010b. Antioxidant
defense system, lipid peroxidation, proline metabolizing
enzymes and biochemical activities in two Morus alba
genotypes subjected to NaCl stress. Russian J. Plant
Physiol., 57(4): 509-517.
Ahmad, P., C.A. Jaleel, M.A. Salem, G. Nabi and S. Sharma.
2010a. Roles of enzymatic and nonenzymatic antioxidants
in plants during abiotic stress. Crit Reviews Biotech., 30(3):
161-175.
Ahmad, P., G. Nabi and M. Ashraf. 2011. Cadmium-induced
oxidative damage in mustard [(Brassica juncea L.)
Czern.& Coss.] plants can be alleviated by salicylic acid.
South Afri. J. Bot., 77: 36-44.
Ahmad, P., M. Ashraf, K.R. Hakeem, M.M. Azooz, S. Rasool,
R. Chandna and N.A. Akram. 2014. Potassium starvationinduced oxidative stress and antioxidant defense responses
in Brassica juncea. J. Plant Interac., 9(1): 1-9.
Al-Dhaibani, A.N., F.S. EL-Nakhlawy, S.G. Alsolaimani and
F.M. Almehmadi. 2013. Phytoremediation of Cadmium
Contaminated Soil by Sunflower. Aust. j. basic appl. sci.,
7(7): 888-894.
Alqarawi, A.A., E.F. Abd_Allah and Abeer Hashem. 2014.
Alleviation of salt-induced adverse impact via mycorrhizal
fungi in Ephedra aphylla Forssk. J. Plant Interact., 9(1):
802-810.

ALLEVIATION OF CADMIUM STRESS IN SUNFLOWER BY AM FUNGI

Amaya-Carpio, L., F.T. Davies Jr, T. Fox and C. He. 2009.
Arbuscular mycorrhizal fungi and organic fertilizer
influence photosynthesis, root phosphatase activity,
nutrition and growth of Ipomoea carnea ssp. Fistulosa.
Photosynthetica, 47(1): 1-10.
Arduini, I., DL. Godbold and A. Onnis. 1996. Cadmium and
copper uptake and distribution in Mediterranean tree
seedlings. Physiol. Plant., 97: 111-117.
Arnon, D.I. 1949. Copper enzymes in isolated chloroplasts.
polyphenoloxidase in Beta vulgaris. Plant Physiol., 24: 1-15.
Aroca, R., J.M. Ruiz-Lozano, A. Zamarreno, J.A. Paz, J.M.
Garcia-Mina, M.J. Pozo and J.A. Lopez-Raez. 2013.
Arbuscular mycorrhizal symbiosis influences strigolactone
production under salinity and alleviates salt stress in lettuce
plants. J. Plant Physiol., 170: 47-55.
Ashraf, M. 2009. Biotechnological approach of improving plant
salt tolerance using antioxidants as markers. Biotech. Adv.,
27: 84-93.
Aziz, I., M. Ayoob and P.K. Jite. 2011. Response of Solanum
melongena L. to inoculation with arbuscular mycorrhizal
fungi under low and high phosphate condition. Not. Sci.
Biol., 3(3): 70-74.
Bates, L.S., R.P. Waldren and I.D. Teare. 1973. Rapid
determination of free proline for water stress studied. Plant
Soil, 39: 205-207.
Bhadraiah, B., V.V. Kankadurga, P. Ramrao and C.
Manoharachary. 1999. Effect of VAM fungi and rock
phosphate on phosphatase activities in Terminalia arjuna.
National Conference on Mycorrhiza Section. Physiol.
Biochem., 5-7.
Bhaduri, A.M. and M.H. Fulekar. 2012. Assessment of
arbuscular mycorrhizal fungi on the phytoremediation
potential of Ipomoea aquatic on cadmium uptake. 3
Biotech., 2: 193-198.
Bligh, E.G. and W.J. Dyer. 1959. A rapid method of total lipid
extraction and purification. Can. J. Biochem. Physiol., 37:
911-917.
Burd, G.I., G.D. Dixon and B.R. Glick. 2000. A plant growth
promoting bacterium that decreases heavy metal toxicity in
plants. Can. J. Microbiol., 46: 237-245.
Burguieres, E., P. McCxue, Y. Kwon and K. Shelty. 2006.
Effect of vitamin C and folic acid on seed vigour response
and phenolic-antioxidant activity. Bioresource Technol.,
95: 1393-1404.
Cachorro, P., A. Ortiz and A. Cerda. 1993. Effect of saline stress
and calcium on lipid composition in bean roots.
Phytochem., 32: 1131-1136.
Cantrell, I.C. and R.G. Linderman. 2001. Preinoculation of
lettuce and onion with VA mycorrhizal fungi reduces
deleterious effects of soil salinity. Plant Soil, 233: 269-281,
Carlberg, I. and B. Mannervik. 1985. Glutathione Reductase,
Methods in Enzymology, Vol. 113, (Ed.): Meister, New
York, Academic. 484-490.
Chance, B. and C. Maehly. 1955. Assay of catalase and
peroxidases. Methods Enzymol. 11: 764-775.
Clijsters, H., F. Van Assche and L. Gora. 1991. Physiological
responses of higher plants to soil contamination with
metals. In: Ecological Responses to Environmental
Stresses. (Eds.): J. Rozema and J.A.C. Verkleij. Kluwer
Academic Publishers, Netherlands, pp. 32-39.
Daniels, B.A. and H.D. Skipper. 1982. Methods for the recovery
and quantitative estimation of propagules from soil. In:
Methods and principles of Mycorrhizal research. (Ed.):
Schenck,
N.C.St. Paul
(MN):
The
American
Phytopathological Society. p. 29-36.
Dawood, M.G., H.A.A. Taie, R.M.A. Nassar., M. Abdelhamid
and U. Schmidhalter. 2014. The changes induced in the
physiological, biochemical and anatomical characteristics

793

of Vicia faba by the exogenous application of proline under
seawater stress South Afri. J. Bot., 93: 54-63.
Djebali, W., M. Zarrouk, R. Brouquisse, S. El Kahoui, F.
Limam; M.H. Ghorbel and W. Chaibi. 2005. Ultrastructure
and lipid alterations induced by cadmium in tomato
(Lycopersicon esculentum) chloroplast membranes. Plant
Biol., 7: 358-368.
Ehlert, C., C. Maurel, F. Tardieu and T. Simonneau. 2009.
Aquaporin mediated reduction in maize root hydraulic
conductivity impacts cell turgor and leaf elongation even
without changing transpiration Manousaki. Plant Physiol.,
150: 1093-1104.
Elia, A.C., R. Galarini, M.I. Taticchi, A.J.M. Dorr and L.
Mantilacci.
2003.
Antioxidant
responses
and
bioaccumulation in Ictalurus melas under mercury
exposure. Ecotoxicol Environ Saf., 55: 162-167.
Elloumi, N., M. Zouari, L. Chaari, C. Jomni, B. Marzouk and
F.B.A. Elloumi. 2014. Effects of cadmium on lipids of
almond seedlings (Prunus dulcis) Botanical Studies., 55: 61.
http://www.as-botanicalstudies.com/content/pdf/s40529-0140061-7.pdf
Fassler, E., B.H. Robinson, S.K. Gupta and R. Schulin. 2010.
Uptake and allocation of plant nutrients and Cd in maize,
sunflower and tobacco growing on contaminated soil and
the effect of soil conditioners under field conditions. Nutr.
Cycl. Agroecosyst., 87(3): 339-352.
Fölch, J., M. Lees and G.H. Sloane-Stanley. 1957. A simple
method for the isolation and purification of total lipids from
animal tissues. J. Biol. Chem., 226: 497-509.
Garg, N. and G. Manchanda 2008. Effect of arbuscular
mycorrhizal inoculation of salt-induced nodule senescence
in Cajanus cajan. J. Plant Growth Reg., 27: 115-124.
Gianinazzi-Pearson, V. and S.Gianinazzi. 1976. Enzymatic
studies on the metabolism of vesicular-arbuscular
mycorrhiza. I. Effect of mycorrhiza formation and
phosphorus nutrition on soluble phosphatase activities in
onion roots. Physiol. Veg., 14: 833-841.
Groppa, M.D., M.P. Ianuzzo, E.P. Rosales, S.C. Vazquez and
M.P. Benavides. 2012. Cadmium modulates NADPH
oxidase activity and expression in sunflower leaves. Biol.
Plant., 56: 167-171.
Hajiboland, R., A. Aliasgharzadeh, S.F. Laiegh and C.
Poschenrieder. 2010. Colonization with arbuscular
mycorrhizal fungi improves salinity tolerance of tomato
(Solanum lycopersicum L.) plants. Plant Soil, 331: 313327.
Hare, P.D. and WA. Cress. 1997. Metabolic implications of
stress induced proline accumulation in plants. Plant Growth
Regul., 21: 79-102.
Hart, J.J., R.M. Welch, W.A. Norvell, L.A. Sullivan and L.V.
Kochian. 1998. Characterization of cadmium binding,
uptake and translocation in intact seedlings of bread and
durum wheat cultivars. Plant Physiol., 116: 1413-1420.
Hart, M.M. and JA. Forsythe. 2012. Using arbuscular
mycorrhizal fungi to improve the nutrient quality of crops;
nutritional benefits in addition to phosphorus. Scientia
Hort., 148: 206-214.
Hashem Abeer, Abd_Allah, E.F. Alqarawi, A.A. Al-Whibi
Mona, S. Alenazi, M.M. Egamberdieva Dilfuza and P.
Ahmad. 2015. Arbuscular mycorrhizal fungi mitigates
NaCl adverse effects on Solanum lycopersicum L. Pak. J.
Bot., 47(1): 327-340.
Hashem Abeer, Abd_Allah, E.F., Alqarawi, A.A. Al-Didamony,
G. Al-Whibi Mona, S. Egamberdieva Difluza and P.
Ahmad. 2014. Alleviation of adverse impact of salinity on
faba bean (Vicia faba L.) by arbuscular mycorrhizal fungi.
Pak. J. Bot., 46(6): 2003-2013.

794

Heath, R.L. and L. Packer. 1968. Photoperoxidation in isolated
chloroplasts. I. Kinetics and stoichiometry of fatty acid
peroxidation. Arch. Biochem. Biophysic., 125(1): 189-198.
Hoagland, D.R. and D.I. Arnon. 1950. The water-culture method
for growing plants without soil. Calif. Agrc. Exp. Station
Circular, 347: 1-32.
Hossain, Z., A.K.A. Mandal, S.K. Datta and A.K. Biswas. 2006.
Isolation of a NaCl tolerant mutant of Chrysanthemum
morifolium by gamma radiation: in vitro mutagenesis and
selection by salt stress. Funct. Plant Biol., 33: 91-101.
Hua, J.F., X.G. Lin, J.F. Bai, Y.F. Shao, R. Yin and Q. Jiang.
2010. Effects of arbuscular mycorrhizal fungi and
earthworm on nematode communities and arsenic uptake
by maize in arsenic-contaminated soils. Pedosphere., 20:
163-173.
Irfan, M., A. Ahmad and S. Hayat. 2014. Effect of cadmium on
the growth and antioxidant enzymes in two varieties of
Brassica juncea. Saudi J. Bio. Sci., 21: 125-131.
Jackson, M.L. 1962. Soil chemical analysis. New York (NY):
Prentice Hall; p. 263-268.
Janouskova, M., M. Vosatka, L. Rossi and N. Lugon-Moulin.
2007. Effects of arbuscular mycorrhizal inoculation on
cadmium accumulation by different tobacco (Nicotiana
tabacum L.) types. Appl. Soil Ecol., 35: 502-510.
Jindal, V., A. Atwal, B.S. Sekhon, S. Rattan and R. Singh. 1993.
Effect of vesicular-arbuscular mycorrhizae on metabolism
of moong plants under NaCl salinity. Plant Physiol.
Biochem., 31: 475-481.
Johnson. A. and R. Stocks. 1971. Gas-liquid chromatography of
lipids. In: Biochemistry and Methodology of Lipids. (Eds.):
A. Johnson and J. Davenport. Wiley Interscience, New
York, NY.
Julkunen-Tiitto, R. 1985. Phenolic constituents in the leaves of
northern willows: methods for the analysis of certain
phenolics. J. Agric. Food Chem., 33(2): 213-217.
Kappus, H. 1985. Lipid peroxidation; Mechanisms, Analysis,
Enzymology and Biological relevance. In: (Ed.): H. Sies,
Oxidative Stress, Academic press, London, 273-310.
Karcz, W. and R. Kurtyka. 2007. Effect of cadmium on growth,
proton extrusion and membrane potential in maize
coleoptile segments. Biol. Plant, 51: 713-719.
Kavitha T. and R. Nelson. 2013. Diversity of Arbuscular
Mycorrhizal Fungi (AMF) in the Rhizosphere of
Helianthus annuus L. American-Eurasian J. Agric. &
Environ. Sci., 13(7): 982-987.
Kebrabadi, B.Z., M. Matinizadeh, M.G. Daryayi, A. Salehi.
2014. Changes in acid and alkaline phosphatase enzyme
activity in rhizosphere ash Fraxinus rotundifolia and its
correlation with soil and plant phosphorus. J. Biodiversity
Environ Sci., 4(5): 233-238.
Khattab, H. 2007. Role of glutathione and polyadenylic acid on
the oxidative defense systems of two different cultivars of
canola seedlings grown under saline conditions. Aus. J.
Basic App. Sci., 1: 323-334.
Kuo, C. and H. Kao. 2004. Antioxidant enzyme activities are up
regulated in response to cadmium in sensitive, but not in
tolerant, rice (Oryza sativa) seedlings. Bot. Bull. Aca.
Sinica., 45: 291-299.
Ling-Zhi, L., G. Zong-Qiang, Z. Yu-Long and L. Pei-Jun. 2011.
Cadmium accumulation and physiology of marigold
(Tagetes erecta L.) as affected by arbuscular mycorrhizal
fungi. Pedosphere, 21(3): 319-327.
Lowry, O.H., N.S. Rosebrough, A.L. Farrand and R.J. Randall.
1951. Protein measurement with folin phenol reagent. J.
Bio. Chem., 193: 263-275.
Malekzadeh, P., SH. Farshian and B. Ordubadi. 2012.
Interaction of arbuscular mycorrhizal fungus (Glomus
intraradices and Glomus etunicatum) with tomato plants

ABD_ALLAH E.F. ET AL.,

grown under copper toxicity. Afr. J. Biotech., 11(46):
10555-10567.
Mangal, M., M. Agarwal and D. Bhargava. 2013. Effect of
cadmium and zinc on growth and biochemical
parameters of selected vegetables. J. Pharma.
Phytoche., 2(1): 106 -114.
Mansour, M.M.F. and K.H.A. Salama. 2004. Cellular basis of
salinity tolerance in plants. Environ. Exp. Bot., 52: 113-122.
Metcalfe, D., A. Schmitz and J.R. Pelka. 1966. Rapid
preparation of fatty acid esters from lipids for gas
chromatographic analysis. Anal. Chem., 38: 524-535.
Milone, M.T., C. Sgherri, H. Clijters and F. Navari-Izzo. 2003.
Antioxidative responses of wheat treated with realistic
concentrations of cadmium. Environ. Exp. Bot., 50: 265-276.
Mizusawa, N. and H. Wada 2012. The role of lipids in
photosystem II. Biochim Biophys Acta- Bioenergetics.,
1817: 194-208.
Nell. M., M. Votsch, H. Vierheilig, S. Steinkellner, K. ZitterlEglseer, C. Franza and J. Novaka. 2009. Effect of
phosphorus uptake on growth and secondary metabolites of
garden sage (Salvia officinalis L). J. Sci Food Agric., 89:
1090-1096.
Noctor, G. and C.H. Foyer. 1998. Ascorbate and glutathione:
keeping active oxygen under control. Annu. Rev. Plant
Physiol. Plant Mol. Biol., 49: 249-279.
Nouairi. I., W.B. Ammar, N.B. Youssef, D.B.M. Daoud, M.H.
Ghorbal and M. Zarrouk. 2006. Comparative study of
cadmium effects on membrane lipid composition of
Brassica juncea and Brassica napus leaves. Plant Sci., 170:
511-519.
Ortas, I. 2010. Effect of mycorrhiza application on plant growth
and nutrient uptake in cucumber production under field
conditions. Spanish J. Agri. Res., 8(1): 116-122.
Ouariti, O., N. Boussama, M. Zarrouk, A. Cherif and M.H.
Ghorbal. 1997. Cadmium- and copper-induced changes in
tomato membrane lipids Phytorochem., 45(7): 1343-1350.
Pawlowska, T.E. and I. Charvat. 2004. Heavy metal stress and
developmental patterns of arbuscular mycorrhizal fungi.
Appl. Environ. Micro., 70(11): 6643-6649.
Prasad, K., A. Yadav, K. Aggarwal and A. Tanwar. 2012.
Impact of different levels of superphosphate using
arbuscular mycorrhizal fungi and Pseudomonas fluorescens
on Chrysanthemum indicum L. J. Soil Sci. Plant Nut.,
12(3): 451-462.
Quartacci, M.F., C. Pinzino, C.L.M. Sgherri, F. Dalla-Vecchia
and F. Navari-Izzo. 2000. Growth in excess copper induces
changes in the lipid composition and fluidity of PSIIenriched membranes in wheat. Physiol. Plant., 108: 87-93.
Rausch, T., R. Gromes, V. Liedschulle, I. Muller, J. Bogs, V.
Galovic and A. Wachter. 2007. Novel insight into the
regulation of GSH biosynthesis in higher plants. Plant
Biol., 9: 565-572.
Reddy, A.R., K.V. Chaitanya and M. Vivekanandan. 2004.
Drought-induced responses of photosynthesis and
antioxidant metabolism in higher plants. J. Plant Physiol.,
161: 1189-1202.
Riva, G. and J. Calzoni. 2004. Standardisation of vegetable oils.
Ita J. Agron., 1(1): 9-15.
Rivelli, A.R., S. De Maria, M. Puschenreiter and P. Gherbin.
2012. Accumulation of cadmium, zinc, and copper by
Helianthus annuus: impact on plant growth and uptake of
nutritional elements. Int. J. Phytorem., 14: 320-334.
Ruiz-Lozano, J.M., R. Azcon and M. Gomez. 1995. Effects of
arbuscular-mycorrhizal Glomus Species on drought
tolerance: physiological and nutritional plant responses.
Appl. Environ. Micro., 61(2): 456-460.
Scott, I.M., S.M. Clarke, J.E. Wood and L.A.J. Mur. 2004.
Salicylate accumulation inhibits growth atchilling

ALLEVIATION OF CADMIUM STRESS IN SUNFLOWER BY AM FUNGI

temperature in Arabidopsis. Plant Physiol., 135: 10401049.
Shan, S., F. Liu, C. Li and S. Wan. 2012. Effects of cadmium on
growth, oxidative stress and antioxidant enzyme activities
in peanut (Arachis hypogaea L.) seedlings. J. Agri. Sci.,
4(6): 149-151.
Sheng, M., M. Tang, H. Chan, B. Yang, F. Zhang and Y. Huang.
2008. Influence of arbuscular mycorrhizae on
photosynthesis and water status of maize plants under salt
stress. Mycorrhiza, 18: 287-296.
Somerville, C. and J. Browse. 1991. Plant lipids: metabolism,
mutants, and membranes. Science, 252: 80-87.
Tang, M., H. Chen, J.C. Huang and Z.Q. Tian. 2009. AM fungi
effects on the growth and physiology of Zea mays seedlings
under diesel stress. Soil Bio. Bioch., 41: 936-940.
Toler, H.D., J.B. Morton and J.R. Cumming. 2005. Growth
and metal accumulation of mycorrhizal sorghum
exposed to elevated copper and zinc. Water, Air Soil
Poll., 164: 155-172.
Tomar, N.S. and R.M. Agarwal. 2013. Influence of treatment of
Jatropha curcas L. leachates and potassium on growth and
phytochemical constituents of wheat (Triticum aestivum
L.). Amer. J. Plant Sci., 4: 1134-1150.
Utobo, E.B., E.N. Ogbodo and A.C. Nwogbaga. 2011.
Techniques for extraction and quantification of
arbuscular rmycorrhizal fungi. Libyan Agric. Res.
Center. Int., 2: 68-78.
Velikova, V., I. Yordanov and A. Edreva. 2000. Oxidative stress
and some antioxidant systems in acid rain treated bean
plants, protective role of exogenous polyamines. Plant Sci.,
151: 59-66.
Wada, K.C., K. Mizuuchi, A. Koshio, K. Kaneko, T. Mitsui and
K. Takeno. 2014. Stress enhances the gene expression and
enzyme activity of phenylalanine ammonia-lyase and the

795

endogenous content of salicylic acid to induce flowering in
pharbitis. J. Plant Physiol., 171: 895-902.
Wu, Q.S., Y.N. Zou and E.F. Abd_Allah. 2014. Mycorrhizal
Association and ROS in Plants. In: Oxidative Damage to
Plants. (Ed.):
Ahmad, P.
DOI: http://dx.doi.org/
10.1016/B978-0-12-799963-0.00015-0 © 2014 Elsevier Inc.
All rights reserved.
Yan, L., X. Li, M. He and F. Zeng. 2013. Behavior of native
species Arrhenatherum Elatius (Poaceae) and Sonchus
Transcaspicus (Asteraceae) exposed to a heavy metalpolluted Field: Plant metal concentration, phytotoxicity, and
detoxification responses. Int. J. Phytorem., 15: 924-937.
Yang, G., D. Rhodes and R.J Joly. 1996. Effect of high
temperature on membrane stability and chlorophyll
fluorescence in glycinebetaine-containing maize lines.
Aust. J. Plant Physiol., 23: 431-43.
Zengin, F.K. and O. Munzuroglu. 2006. Toxic effects of
cadmium (Cd++) on metabolism of sunflower (Helianthus
annuus L.) seedlings. Acta Agr. Scan. Section B-Plant Soil
Sci., 56: 224-229.
Zhifang, G. and W.H. Loescher. 2003. Expression of a celery
mannose 6-phosphate reductase in Arabidopsis thaliana
enhances salt tolerance and induces biosynthesis of both
mannitol and a glucosyl-mannitol dimmer. Plant Cell
Environ., 26: 275-283.
Zoffoli, H.J., do N.M. Amaral-Sobrinho, E. Zonta, M.V. Luisi,
G. Marcon and A. Tolon-Becerra. 2013. Inputs of heavy
metals due to agrochemical use in tobacco fields in Brazil’s
Southern Region. Environ. Monit. Assess., 185: 2423-2437.
Zolfaghari, M., V. Nazeri, F. Sefidkon and F. Rejali. 2012.
Effect of arbuscular mycorrhizal fungi on plant growth and
essential oil content and composition of Ocimum basilicum
L. Iranian J. Plant Physiol., 3(2): 643-650.

(Received for publication 16 January 2014)

