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ABSTRACT: The effects of phosphorus amendments and arbuscular mycorrhizal (AM) fungi
Glomus intraradices and pseudomonas putida on the sweet basil (Ocimum basilicum L.) yield,
chemical composition and percent of volatile oil, and metal accumulation in plants and its availability
in soil were investigated in field experiment at two seasons 2012 and 2013 under contaminated soil
with Pb and Cu. The plant height, herb fresh weight, content of essential oil and shoot and root dry
weights of sweet basil were increased by the application of mineral phosphorus as compared to
control. Inoculation with AM fungi and bacteria reduced the metal concentration in shoot, recording
a lowest value of (33.24, 18.60 mg/kg) compared to the control (46.49, 23.46 mg/kg) for Pb and Cu,
respectively. Availability of Pb and Cu in soil were decreased after cultivation in all treatments
compared to control. However, metal root concentration increased with the inoculation, with highest
values of (30.15, 39.25 mg/kg) compared to control (22.01, 33.57mg/kg) for Pb and Cu,
respectively. The content of linalool and methyl chavicol in basil oil was significantly increased in all
treatments compared to control, but the interaction was not. We can thus conclude that the AM-
sweet basil symbiosis and bacterial inoculation could be employed as an approach to bioremediate
polluted soils and enhance the yield and maintain the quality of volatile oil of sweet basil plants.

Keywords: Arbuscular mycorrhizal fungus, Pseudomonas, Sweet basil, Heavy metals,

Bioremediation.

INTRODUCTION

Aromatic and medicinal plants are an important source of national income
and foreign currency in Egypt. Basil is one of the most important species for export
among the medicinal and aromatic plants and it has a good reputation in the
European countries. The area cultivated with basil in Egypt is about 4-5 thousand
feddans, and the exports are more than 4000 tons per year (El-Sayed et al., 2003).
The genus O. cimum comprises more than 150 species and is considered as one
of the largest genera of the Lamiaceae family (Evans, 1996). Ocimum basilicum L.
(sweet basil) is an annual herb, plants is widely used in food and oral care
products; the essential oil of the plant is also used as perfumery (Bauer et al.,
1997) and antimicrobial (Chiang, 2005). Environmental conditions and agricultural
practices can significantly alter yield and chemical composition of sweet basil
(Sifola and Barbieri, 2006).

Monitoring for toxic heavy metals in medicinal plants has become part of the
quality control in the pharmaceutical industry as consumers demand products that
are free from potentially harmful constituents (Chizzola et al, 2003).
Phytoextraction potential of medicinal and aromatic plants grown in heavy metal
polluted agricultural soils is a subject of ongoing research (Kovacik et al., 2009;
Stancheva et al., 2014). In the rhizosphere, a synergism between various bacterial
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genera such as Bacillus, Pseudomonas, Arthrobacter and Rhizobium has been
shown to promote plant growth of various plants such as sweet basil (Ocimum
basilicum L.) (Hemavathi et al., 2006). Pseudomonas putida has the capacity to
improve growth in plants (Rodriguez et al., 2014) particularly in sweet basil plants
(Ordookhani et al., 2011). .Arbuscular mycorrhizal fungi (AMF) symbiosis is formed
by approximately 80% of the vascular plant species in all terrestrial biomass (Smith
et al.,, 2010) which improves plant productivity (Fedderman et al., 2010). AM fungi
can contribute plant growth, particularly in disturbed or metal polluted sites, by
increasing plant access to relatively immobile minerals such as P, Zn, and Cu
(Ryan and Angus 2003; Christie et al, 2004). In addition, they can improve soil
structure (Gaur and Adholeya, 2004), stabilize metals in the soil, reduce their
uptake, and thus decrease the risk of toxicity to plants growing in polluted
substrates (Gonzalez-Chéavez et al., 2009).Thus, plants in symbiosis with AM fungi
have the potential to take up heavy metals (HM) from an enlarged soil volume
(Upadhyaya et al., 2010).

The aim of the present study was to examine the potency of two isolates of
AMF (Glomus intraradices), and Pseudomonas putida to reduce metal
accumulation in plant organs, and to evaluate how inoculation effect of
mycorrhization and essential oil composition of (Ocimum basilicum L). cultivated in
Pb and Cu contaminated soil.

MATERIALS AND METHODS

Cultivated plant: Sweet Basil (Ocimum basilicum) seeds were obtained from
Medicinal and Aromatic Plants Department, Agricultural Research Center, Ministry
of Agriculture, Egypt. Seeds were germinated in seedling trail with 209 holes
containing (1:1, v: v) peat moss and Sand. In case of mycorrhizal treatment (G3,
G4), the inoculant was applied to the nursery at the rate of 10% added to the
mixture. Seeds were sown in the nursery on April 16" and the seedlings of 2-3
pairs of leaves were transplanted to the field at May 28™ with one plant per hill.

Soil initial state analysis: Some physical and chemical properties of surface layer
(0-30 cm) of the experimental field and heavy metals content (Pb and Cu) were
determined according to (Page et al., 1982) and (Klute, 1986). The soil had the
following physicochemical properties: clay loam in texture, pH (1:1 soil water
suspension) 7.75 and 7.85, electrical conductivity (EC) 1.95 and 1.98 dSm™,
available P (15, 14.7 mg kg™) soil, and the available Pb and Cu were (109, 100)
and (90.3, 88.6) mg/ kg for the two seasons, respectively.

Experimental design: The field experiment was conducted in Abees Experimental
Farm, Faculty of Agriculture, Saba Basha, 10" Village, Alexandria University, Egypt
during two seasons 2012 and 2013. The experiment was carried out in a
randomized split — split plot (10.5m?, 3.5 x 3m) design in 3 replicates. Phosphorus
fertilizer (0%, 75%, and 100% of the recommended dose) was the main plot, and
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the two treatments un-inoculated and inoculated with Pseudomonas putida were
randomly distributed in the sub- plot, while the three treatments with Glomus
intraradices (control un-inoculated, G3 and G4) were arranged in the sub — sub
plots.

Inoculation

Arbuscular Mycorrhizal Fungi: Two mycorrhizal isolates of Glomus intraradices
were used in this experiment; isolate (G3) was isolated from the Experimental
Station of Alexandria University at Abees (Aboul-Nasr, 1993), and isolate (G4) was
obtained by Amykor Company, Germany. The inoculum consisted of expanded
clay aggregates (2-4 mm in diameter, Leca) containing chlamydospores and
fungus mycelium, which had been cullivated on Tagetes erecta L. (Aboul-Nasr,
2004). Inoculant was added at the rate of 7.0 g/per hill below basil seedling after
transplanted. Control plants received the same amount of heat sterilized expanded
clay.

Bacterial treatment: Pseudomonas putida obtained from Bio fertilization unit,
Faculty of Agriculture, Ain Shams University was grown in liquid broth (LB) medium
comprising of (g/L): tryptone, 10; yeast extract, 5; NaCl, 5. The pH of the medium
was adjusted to 7.2—7.4 with 1 N HCI or 1 N NaoH and sterilized by autoclaving at
121 °C for 15 minutes. Incubation was carried at 35 °C for 3 days. When plants
were transplanted to the field, 15 ml (1.3 x10° viable cells/ml) of bacterial
suspension were added to each hill.

Mineral fertilizers: Three different rates (zero, 75% and 100%) of the
recommended dose (400 kg/fed) of mono- calcium phosphate (15.5 % P20s) was
used in one does at seedling transplanted for each growing seasons. Ammonium
nitrate (33.5% N) was added at the recommended dose150 kg/fed (50 kg N/ fed)
after 30, 60, and 90 days of cultivation. Potassium sulfate (48% K>O) was applied
to all plots after 41 days of cultivation in the rate of 100 kg/fed.

The percentage of mycorrhizal colonization:The percentage of mycorrhization
was estimated three times; (first, 4 weeks from germination to confirm the
colonization before transfer to the field, second, 9 weeks old 1°' cut and third at 16
weeks old 2" cut). Root samples 1 cm were cleared with 10% KOH and stained
with Trypan blue (0.05%) in lactophenol to observe under microscope (Koska and
Gemma, 1989). Mycorrhizal colonization was estimated by determining the
percentage of length of root segments containing AM fungal structure (arbuscules,
vesicles, spores) according to Biermann and Linderman, (1981).

Vegetative parameters: Ten plant samples per plot for each cut (1% and 2" were
taken to determine the plant height (cm.) and herb fresh weight (g/plant). Five
plants were air dried till constant weight and the average dry weight of root and
shoot (g/plant) were calculated.
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Chemical analysis

Phosphorus content: Plant powder (0.5g) was wet-digested with H.SO4 — H>0»
mixture (Lowther, 1980). Phosphorus was determined by the Vanadomolybdate
yellow method (Jackson, 1967) using Millton Ray Spectronic 21 D.

Essential oil percentage: The essential oil percentage was determined in the air-
dried herb according to British Pharmacopoeia (1963) by water distillation of 40 g
of air dry herb for 1.5 — 2.0 hours, in order to extract the essential oil.

Essential oil analysis and its major components: The essential oils were
diluted in diethyl ether (20 :1, v:v) and analyzed with GC (HP 8644) with flame
ionization detector (FID) on a fused silica 132 capillary column DB-5, 25 m in
length, 0.32 mm i.d., and 0.5 mm film thickness.133 Helium was used as the
carrier gas with a flow rate of 1.6 ml/min; the detector 134 temperature was 260 °C,
the oven temperature was programmed to increase from 130 to 260 °C at a rate of
4 °C/min. The split injector was heated at 250 °C; the split 136 ratio was 15:1. Data
were processed on a DP 800 integrator. The percentage of major constituents of
stander (B-caryophellene, Linalool and Methyl chavicol) was estimated by
measuring the peak area of the different compounds of the chromatogram
according to (Heftman, 1967) and (Gunther and Joseph, 1978). Standards of the
principal components which used as reference compounds for sweet basil were
obtained from Ciba Gigi, NY, USA.

Total lead and copper analysis: Heavy metals content in shoots and roots were
determined by digesting the dried plant of each plot according to (Lowther, 1980).
The disgusted solutions were analyzed for lead and copper using the atomic
absorption spectrophotometer (A Analyst 400) (Jackson, 1967). Available lead and
copper remain in soil after cultivation were measured by atomic absorption
spectrophotometer model (A.A. Spectrometry Thermo Elemental Type Solar
54/2001, ser No. GE 710728) using diethylene triamina penta acetic acid (DTPA)
method as described by (Page et al., 1982).

Statistical analysis: Data were statistically analyzed by the procedure of variance
to test the treatments effect on different measured parameters according to
(Snedecor and Cochran, 1981). Data for the percentage of root length colonization
% were analyzed using angular transformation (Steel and Torrie, 1982)

RESULTS
Mycorrhizal colonization percentage %

Mycorrhization was determined three times during every growing season
before plant transplanting (4 weeks old) and two times after transplanting (9 and 16
weeks) the colonization at the 4 weeks was more than 33.3% that to confirm the
colonization before transplanting. Root colonization by indigenous G. intraradices
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(G3 and G4) were low (Fig 1), but was enhanced by the inoculation with P. putida.
Addition of P had no effect on mycorrhization in age 9 weeks but increased
significantly after 16 weeks (Table1). However, the percent of root colonization was
significantly higher in the basil inoculated with G. intraradices G3 and G4 than the
non-inoculated plants. The AM root colonization in inoculated plants ranged from
32.99 to 55.10% and the native soil AM colonized roots were 7.72 % and 11.53 %
at 9 and 16 weeks, respectively. The highest percent (55.10%) of colonization was
noticed in plants with 16 weeks old with G3 and P. putida in the presence 75% of
mineral phosphorus fertilizer. Generally the mycorrhizal root colonization hadn’t
high value in this contaminated soil this could be attributed to the effect of heavy
metals on the mycorrhizal spore germination, hyphal growth and branching.

(a) Plants with 9 weeks old (b) Plants with 16 weeks old
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Fig (1). Effect of inoculating Ocimum basilicum L with Glomus intraradices (G3,
G4) and Pseudomonas putida on mycorrhization after 9 and 16 weeks.

Table (1). A three-way ANOVA (LSD (5) showing the effect of P rates (P), P.
putida (P.p) and Glomus intraradices (G.i) and their interactions.

Mycorrhization Mycorrhization
Factors

9 weeks 16 weeks
Phosphorus (P) 3.18™ 2.07**
P. putida (P.p) 3.87* 3.22**
G. intraradices (G.i) 1.96*** 1.45***
Px P.p 4.89" 457"
Px G.i 2.13* 2.06™**
P.px G.i 5.12" 5.07"
Px P.px G.i 3.42" 6.18"

*: significant; ns: not significant
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Vegetative parameters

Plant height (cm) and herb fresh weight (g/plant)

The results presented in Table (2) average values of cut one and cut two for
the two seasons showed the growth responses of sweet basil grown in heavy
metals polluted soil inoculated with Pseudomonas putida and AM fungi (G3 , G4) in
the presence of different mineral phosphorus fertilizer rates. Data revealed that the
plant height and herb fresh weight significantly increased in case of inoculated
plants with both bacteria and mycorrhizal individually or in dual treatments, and the
interaction between application of phosphorus and AM fungi had the same trend,
additionally the interaction between bacteria and phosphorus or between bacteria
and AMF had not affected, also the interaction between bacteria, AMF and
phosphorus had the same trend except at the 2" cut (16 weeks old).

Shoot and root dry weight (g/plant)

Sweet basil shoot and root dry weights (Table 3) responded significantly to
phosphors application and AM inoculation, although the bacterial treatment had no
significant impact in shoot dry weight in case of the second cut. Best results of
shoots dry weight obtained with the addition of P7s¢, inoculated with P. putida and
AM isolate G4 in the second cut. However the best results of roots dry weight
(17.19 g/plant) obtained with addition P19+, and inoculation with bacteria and G4 in
the 1% cut. Additionally no interaction could be observed in shoots or roots dry
weight between the factors P nutrition and inoculation with P. putida while, root dry
weight significantly increased in case of the interaction between the factor of
inoculation with P. putida and AMF or the interaction between P, P. putida and
AMF except at 1% cut for the latest interaction.

Phosphorus uptake (mg/g shoot) and oil content %

Data presented in Table (4) clearly show that the P uptake significantly
increased, although the interaction between all factors had no impact. Application
of phosphorus with different rates increased the phosphorus uptake of sweet basil
plants, in the presence of inoculants (AM and bacteria). The highest P uptake
observed in plants inoculated with G4 with bacteria in 75% of phosphorus fertilizer
was (0.194 mg/g shoot). Although the highest percentage increase 268.8% was
clear in G4 with bacteria. On the other hand the applied treatments improved the
essential oil percentage compared with untreated plants. AMF isolate G4 was the
most effective treatment in increasing the oil content under contaminated soil its
value was (0.47%), moreover the interaction had a significant differences between
all factors. Table (4) showed that the percentage increase of oil content in plants
inoculated with AM isolate G3 and G4 were (80 and 88%) , respectively more than
the un-inoculated basil plants. No significant differences were observed between
the duel inoculations with bacteria and phosphorus application and between
mycorrhizae too.
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Table (2). Effect of inoculated Ocimum basilicum L. with Glomus intraradices
and Pseudomonas putida on plant height (cm) and herb fresh
weight (g/plant) in lead and copper contaminated soil as an
average of the two growing seasons 2012 and 2013

Parameter Plant height (cm/plant)

Pseudomonas Cut™ Cut™

Phosphorus putida G. intraradices (G.i) G. intraradices (G.i)
(P) (P.p) Un-inoc. G3 G4 ir‘\’:; G3 G4
P - 2222 37.46 39.43 2319 37.92 4382
0 + 30.38 4562 3850 21.86 48.92 50.73
P - 35.99 40.23 51.88 23.44 40.93 49.88
» + 3752 49.39 53.81 2433 48.08 60.13
P - 31.91 38.26 43.47 2598 47.67 51.17
100 + 33.37 4385 46.34 3433 61.34 54.90
LSDO.OS
P 2.18*** 2.06***
P.p 1.18*** 3.11%
G.i 2.14*** 1.86**
Px P.p 6.21" 7.82"
Px G.i 1.58* 2.14**
P.px G.i 9.21" 9.18™
Px P.px G.i 5.42" 1.92*
Herb fresh weight(g/plant)
Un-inoc. G3 G4 i::; G3 G4

P - 142.21 302.58 291.75 124.03 275.04 297.09
0 + 155.59 335.63 342.78 132.76 325.16 390.97
P - 226.70 280.62 321.32 136.71 259.80 350.50
» + 177.70 326.41 360.33 165.01 398.84 381.41
P - 152.45 374.49 446.18 198.84 40556 504.76
100 + 195.02 433.49 498.23 21541 462.52 528.91
LSDO.OS
P 9.45*** 711
P.p 11.36* 9.28**
G.i 5.27*** 7.79***
Px P.p 15.96"™ 16.02"
Px G.i 9.32** 5.14***
P.px G.i 22.11" 20.41"™
Px P.px G.i 20.62"™ 5.29**

Values are meanst SE, n= 10 plants,*: significant; ns: not significant
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Table (3). Effect of inoculated Ocimum basilicum L. with Glomus intraradices
and Pseudomonas putida on shoot and root dry weight (g/plant) in

lead and copper contaminated soil as an average of the two

growing seasons 2012 and 2013

Parameter

Shoot dry weight (g/plant)

Phosphorus Pseudomonas

Cut*®

Cut"™

G. intraradices (G.i)

G. intraradices (G.i)

(P) putida (P.p) Un-inoc. G3 G4 Un-inoc. G3 G4
P - 13.74 18.56 25.12 19.68 24.75 30.86
0 + 17.14 2591 28.49 20.00 29.18 34.00
P - 17.95 37.86 35.85 22.77 39.19 41.07
» + 19.41 36.21 37.70 22.36 39.31 41.43
p - 19.30 24.46 34.03 22.42 32.31 34.57
100 + 15.36 30.99 33.66 2450 34.20 37.57
LSDy.05
P 2.43*** 1.06***
P.p 1.75* 4.32"
G.i 4.27** 1.45%**
Px P.p 3.71™ 4.62"
Px G.i 2.89** 1.11%*
P.px G.i 7.19"™ 9.22"
Px P.px G.i 5.89™ 7.56"
Root dry weight (g/plant)
Un-inoc. G3 G4 Un-inoc. G3 G4
P - 9.07 10.98 10.57 9.68 11.23 11.32
0 + 9.43 11.92 12.03 10.41 11.74 11.98
p - 10.94 13.17 13.47 11.05 12.76 12.82
» + 11.23 13.98 14.60 10.97 1413 14.37
P - 11.50 14.47 15.35 10.55 13.74 15.12
100 + 11.83 16.04 17.19 11.34 1571 15.93
LSDo.05
P 0.43*** 0.165***
P.p 0.29*** 0.128**
G.i 0.25*** 0.341***
Px P.p 2.18™ 2.58™
Px G.i 0.23*** 0.267***
P.px G.i 0.41** 0.125**
Px P.px G.i 2.74"™ 0.131*
Values are meanst SE, n= 5 plant,*: significant; ns: not significant
269

Vol. 21(2), 2016



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Table (4). Effect of inoculated Ocimum basilicum L. with Glomus intraradices
and pseudomonas putida on phosphorus uptake (mg/g shoot) and
oil content% in lead and copper contaminated soil as an average
of the two growing seasons 2011/2012 and 2012/2013

Parameter Second cut

Phosphorus uptake . o

Phosphorus Pseudomonas (mg/g DW of plant ) Oil content %
(P) putida (P.p) G. intraradices (G.i) G. intraradices (G.i)
Un-inoc. G3 G4 Un-inoc. G3 G4

0.032 0.082 0.118 0.23 0.32 0.34

P + 0.043  0.129 0.145 0.25 0.36  0.37
0 +% - 156.3 268.8 - 39.1 4738
+% - 200 237.2 - 44 48
0.051 0.101 0.175 0.25 045 047
P + 0.055 0.180 0.194 0.25 045 047
75 +% - 98.03 243.1 - 80 88
+% - 227.3 2527 - 80 88
- 0.066 0.139 0.166 0.24 0.39 0.39
P + 0.053 0.172 0.192 0.29 041 043
100 +% - 110.6 151.5 - 625 625
+% - 2245 262.3 - 414 483
LSDy.05
P 0.010*** 0.018***
P.p 0.009** 0.014**
G.i 0.031** 0.018***
Px P.p 0.21™ 0.17"
Px G.i 0.032*** 0.016***
P.px G.i 0.31™ 0.28™
Px P.px G.i 0.17" 0.015***

Values are means+ SE, n= 5 plants,*: significant; ns: not significant
Major oil components (Linalool and Methyl chavicol %) of sweet basil plants

Chemical characterization of essential sweet basil oil (Table 5)
demonstrated that quality of oil improved on mycorrhization and bacterial
treatments in the presence of phosphorus fertilizer. Linalool the major component
of sweet basil affected significantly with both isolates of AM G3, G4. However the
bacterial inoculation had no significant differences. Methyl Chavicol had the similar
trend with inoculation; moreover the interaction showed no significant impact under
contaminated soils. Data recorded in Fig (2) showed that the best results were
obtained from G4 and bacterial inoculation in the presence of 100% P, it were
(52.99% and 7.83%) for linalool and methyl chavicol, respectively.

270

Vol. 21(2), 2016



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

60 -

Linalool% Methyl chavicol%

50 -

40 -

30 A

20 -

10

©O B N W A U & N ® ©

o
]
£
<
S

P,

-P.putida

-P.putida
PO% | P75% | P100% |

P0% i P75% J
Average two seasons 2013/2014 Average two seasons 2013/2014

P100% |

Fig (2). Effect of inoculated Ocimum basilicum L with Glomus intraradices (G3, G4)
and Pseudomonas putida on linalool% and methyl chavicol% in the
presence of different mineral phosphorus fertilizer rates as an average of
the two growing seasons 2012/2013

Table (5). The result of a three-way ANOVA (LSD (,05) showing effects of the
factors phosphorus rates (P), Pseudomonas putida (P.p) and
Glomus intraradices (G.i), as well as the effect of their interaction.

Factors Linalool % Methyl chavicol%
Phosphorus (P) 3.74** 1.85"**
P. putida (P.p) 2.46" 417"
G. intraradices (G.i) 5.22** 3.64**
Px P.p 3.15* 418"
Px G.i 1.27** 5.85"
P.px G.i 5.12* 5.62"
Px P.px G.i 4.48* 4.96"

*: significant; ns: not significant
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Analysis of heavy metals
Lead concentration mg/kgin shoots and roots
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Fig (3). Effect of inoculated Ocimum basilicum L with Glomus intraradices (G3, G4)
and Pseudomonas putida on Pb content (mg/kg) in shoot and root in the
presence of different mineral phosphorus fertilizer rates as an average of
the two growing seasons 2012/2013

Table (6). The result of a three-way ANOVA (LSD (,05) showing effects of the
factors phosphorus rates (P), Pseudomonas putida (P.p) and
Glomus intraradices (G.i) as well as the effect of their interaction.

Pb shoot content Pb root content

Factors (mgrkg) (mgrkg)
Phosphorus (P) 2.54*** 1.283*
P. putida (P.p) 1.31* 3.15"™
G. intraradices (G.i) 2.14* 1.06**
Px P.p 1.15* 2.84"
Px G.i 0.85** 0.87*
P.px G.i 0.94* 0.93**
Px P.px G.i 1.02* 1.74*

*: significant; ns: not significant
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Copper concentration mg/kg in shoots and roots
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Fig (4). Effect of inoculated (Ocimum basilicum L) with Glomus intraradices (G3,
G4) and Pseudomonas putida on Cu shoot and root concentration in the
presence of different mineral phosphorus fertilizer rates as an average of
the two growing seasons 2012/2013

Table (7). The result of a three-way ANOVA (LSD ¢ ¢5) showing effects of the
factors phosphorus rates (P), Pseudomonas putida (P.p) and
Glomus intraradices (G.i) as well as the effect of their interaction.

Factors Cu shoot content Cu root content
(mg/kg) (mg/kg)

Phosphorus (P) 2.18*** 1.38***
P. putida (P.p) 1.67* 0.99*
G. intraradices % *
(G.i) 2.41 2.83

Px P.p 3.81™ 3.14"
Px G.i 2.04* 1.77*
P.px G.i 2.89" 2.08*
Px P.px G.i 3.79" 3.87™

*: significant; ns: not significant
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Lead and copper available in soil after cultivation
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Fig (5). Effect of inoculated (Ocimum basilicum L) with Glomus intraradices (G3,
G4) and Pseudomonas putida on Pb and Cu available in soil after
cultivation (mg/kg) in the presence of different mineral phosphorus
fertilizer rates as an average of the two growing seasons 2012/2013

Table (8). The result of a three-way ANOVA (LSD (,05) showing effects of the
factors phosphorus rates (P) Pseudomonas putida (P.p) and
Glomus intraradices (G.i) as well as the effect of their interaction.

Pb available in soil

Cu available in soil

Factors (mg/kg) (mg/kg)
Phosphorus (P) 2.13** 2.18*
P. putida (P.p) 1.21* 1.64*
G. intraradices o -
() 1.67 3.14
Px P.p 4.31" 5.48"
Px G.i 0.92** 2.87*
P.px G.i 1.35* 3.66™
Px P.px G.i 5.71™ 4.18"

*: significant; ns: not significant

Data presented in Figure (3, 5) showed the effect of mycorrhizal and
bacterial inoculum in the presence of different phosphorus rates on Pb shoot and
root content (mg/kg). From the analysis of variance (ANOVA) presented in Tables
(6, 8) it was clear that Pb concentrations in sweet basil shoots, were highly
significant affected by bacterial and mycorrhizal inoculation as well as the
interaction between them. On the other hand Pb concentrations in shoots were
increased by increasing phosphorus application and were decreased by the
inoculation with AM isolate G3 or G4 and P. putida. Shoots of inoculated plants
with G3 had the lowest value of Pb (33.24 mg/kg) showed in treatments with Pgo9,
without bacteria. Opposite results were obtained in roots, lead concentration was
higher in the inoculated plants than un-inoculated one.
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Low levels of Pb were measured in the control basil roots compered to
treated plants. Available lead residues in the soil were lower as a result of
inoculation with both bacteria and AM mycorrhizal isolate G4 and G3 then the
inoculation with bacteria alone. Significant reduction of Pb compared with the
controls was observed in both soil and shoot of basil inoculated G3 and G4 isolate.
However the highest value of soil available Pb (17.18 mg/kg) was observed in the
absences of fungi and with bacteria inoculation and not amended with phosphorus
fertilizer. It is clear also, that the AM isolate G4 was more effective mostly than G3
in reducing Pb value in soil. In the same time, there was a significant difference
between the Pb values over all treatment for the soil after cropping except the
interaction between P*Pp, P*Gi and Pp*Gi Table (6, 8). The same trend was
observed in copper concentration copper metal accumulation in shoot and a root
tissue of sweet basil was significantly affected by application of AM inoculation Fig.
(4, 5). It was accumulated in very low concentration in shoot tissue (< 25 mg/kg)
and soil (<12 mg/kg) as compared to accumulation in control plants. Inoculation
significantly increased the concentration of Cu in roots than shoots under all
phosphorus fertilizer rates. It is clear that the treatments reduce the soil available
Cu compared to non-treated plants Table (4, 5).

DISCUSSION

The present study demonstrates that colonization of basil plant root by the
AM fungus G. intraradices was significantly affected by the application of different
phosphorus fertilizer rates and inoculation with P. putida. Non-inoculated sweet
basil plants showed >10.0% root colonization due to native mycorrhizae in soil and
the percent root colonization was significantly enhanced by plant inoculation with
AM fungi and bacteria under heavy metals (Pb and Cu) contaminated soil. Similar
results were reported by (Banni and Faituri, 2013) who observed that Glomus spp.
treated plants had higher mycorrhizal colonization rates than other inoculation-
treated plants. The data of the present work also showed that shoot and root of
basil plant biomass increased in inoculated plant compared to control. Positive
effects of mycorrhization on the growth of essential-oil-containing plants were
reported with Ocimum basilicum L. (Khaosaad et al., 2006) and Salvia officinalis L.
(Geneva et al., 2010). The outcome of the plant-AM fungal association is metal-
specific and depends on bioavailability of metals in soil and on both plant and AM
species (Sudova and Vosatka, 2007).

AM fungal inoculation increased shoot yield, content of essential oil, and
root yield of sweet basil probably due to the increase of nutrient uptake (Marschner
and (Dell, 1994). (Banni and Faituri, 2013) reported that the two AM fungi species
significantly increased the root and shoot dry weights and this species was more
effective than non-mycorrhizal treatment in protection the maize plants against Cu
toxicity. (Vinutha, 2005) observed increased shoot and root growth weight,
biomass and essential oil content of Ocimum spp. when inoculated with Glomus
fasciculatum, Azotobacter chroococcum and A. awamori. (Hemavathi et al., 2006)
found similar observations in Ocimum basilicum, where plant growth increased
after inoculation with G. fasciculatum, Pseudomonas fluorescens and Bacillus
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megaterium. In another study, (Ordookhani et al, 2011) found an increase in
shoot, root dry weight, N, P and potassium (K) content and essential oils in
Ocimum basilicum inoculated with PGPR Pseudomonas putida and Azotobacter
chroococcum additionally. (Ordookhani, 2011) reported that P. putida as PGPR
had the capacity to increase Ocimum basilicum microelement contents and
significant differences between PGPR treatments on essential oil, Fe, Zn, Mn and
Cu contents compered to control.

Relatively little is known about the effects of AM colonization on the
accumulation of active phytochemicals in shoots of medicinal plants, which are
often the harvest products. However, it was reported that Glomus mosseae directly
increased the essential oil content in shoots in two of three tested oregano
genotypes Origanum sp grown on industrially Cd and Pb polluted soil (Khaosaad et
al., 2006; and Hristozkova et al., 2015). Similar results were obtained by (Copetta
et al., 2006) in studies with Ocimum basilicum L. Our results are in an agreement
with the reports of (Prasad et al., 2011) that the AM fungal inoculation maintained
the level of linalool, methyl chavicol, in sweet basil oil, which were either increased
or decreased by the application of heavy metals. (Ordookhani et al., 2011) showed
that sweet basil inoculated with P. putida increase oil yield compared to control.

The arbuscular mycorrhiza (AM) fungi can increase plant uptake of nutrients
especially relatively immobile elements such as P, Zn and Cu (Ryan and Angus,
2003), and consequently, they increase root and shoot biomass and improve plant
growth. It has been indicated that AM fungi can colonize plant roots in metal
contaminated soil (Vogel-Mikus and Marjana., 2006), while their effects on metal
uptake by plants are conflicting. (Zhang et al., 2010) reported that AMF increased
lead accumulation in the roots. The same trend was observed in case of
inoculation with isolate G3+P. putida under Pigo9, rate in our results. The most
important finding of the present research is that AMF can keep metal
concentrations in aromatic plants at low levels and alleviate harmful effects caused
by heavy metal pollution. The inoculation with the AMF strains of EEZ 54 and EEZ
55, isolated from a place with naturally high levels of metals, reduced the Pb
concentration in marjoram shoots and roots (Hristozkova et a./, 2015). The effects
of mycorrhizal colonization on remediation of contaminated soils depend on the
plant—fungus—heavy metal combination and are influenced by soil chemical and
physical conditions (Siddiqui and Pichtel., 2008). According to (Azcon et al., 2010),
AMF symbiosis may contribute to phytoremediation via strategies such as HM
sequestration or accumulation, keeping metal concentrations in the plants below
critical values and improving plant growth and nutrition (Pawlowska and Charvat .,
2004). Prasad et al, (2011), demonstrated that AM species could be effective in
protecting sweet basil exposed to high levels of metals. Mycorrhizal fungi are
reported to protect plants from the toxic effects of high external concentration of
several metals, possibly by binding the metals in their hyphae or by reducing the
translocation of metals to the plants tops (Mozafar et al., 2002). The higher AM-
plant metal content of roots could be attributed to fungal metal binding and
sequestration in intraradical hyphae, and these metal forms are not bioavailable to
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plants (Christie et al., 2004). Plant under study accumulated more copper in roots
but large reductions in shoots; this is in agreement with Banni and Faituri, (2013)
that the comparisons of the two AM fungal species indicate that the AM fungal
represented by Glomus spp (mixed) can benefit against potentially toxic Cu and
therefore play a role in bioremediation of Cu-contaminated soils. Such results
underline the importance of indigenous AM fungi, which are presumably more
adapted to heavy metals.

REFERENCES

Aboul - Nasr, A. (1993). Identification of VA- mycorrhizal fungi in soil of Alexandria
Governorate. Alex. J. Agric. Res., 38 (2): 371-37.

Aboul - Nasr, A. (2004). Method of producing an inoculum of endomycorrhizal
fungi.; Academy Sci. Res. And Tech. Egypt. Patent No. 23234.

Azcon, R., M. C. Peralvarez, A. Roldan and J. M. Barea. (2010). Arbuscular
mycorrhizal fungi, Bacillus cereus and Candida parapsilosis from a
multicontaminated soil alleviate metal toxicity in plants. Microbial Ecol, 59:
668—677.

Banni, A.S. and M.Y. Faituri. (2013). The Role of Arbuscular Mycorrhizae
Glomus Spp (mixed) and Glomus fasciculatum in Growth and Copper
Uptake of Maize Grown in Soil Contaminated with Copper. Middle-East
Journal of Scientific Research, 17 (1): 77-83.

Bauer, K., D. Garbe and H. Surburg.(1997).Common fragrance and flavor
materials'. 3rd edition, Weinheim: Wiley- VCH. 171.

Biermann, B., and R. G. Linderman.(1981).Quantifying vesicular-arbuscular
mycorrhizal, a proposed methods towards standardization. New Phytol,
87:63-67.

British Pharmacopoeia.(1963).Determination of volatile oil in drugs. The
Pharmaceutical Press, London.

Chiang, L. C. (2005). Antiviral activities of extracts and selected pure constituents
of Ocimum basilicum. Clin Exp Pharmacol Physiol, 32(10): 811-816.

Chizzola, R., H. Michitsch and C. Franz. (2003). Monitoring of metallic
micronutrients and heavy metals in herbs, spices, and medicinal plants from
Austria. Eur Food Res Technol, 216: 407—411.

Christie, P., X. L. Li and B. D. Chen. (2004). Arbuscular mycorrhiza can
depress translocation of zinc to shoots of host plants in soil moderately
polluted with zinc. Plant Soil 261:209-217.

Copetta , A., G. Lingua and B. Graziella. (2006). Effects of three AM fungi on
growth, distribution of glandular hairs, and essential oil production in O.
basilicum L. var. Genovese. Mycorrhiza, 16:485-494.

El-Sayed, A. A, M. A. Sidky, H.A. Mansour and M. M. Mohsen.(2003).
Response of basil (Ocimum basilicum L.) to different chemical and organic
fertilization treatments. J. Agric. Sci. Mansoura Univ., 28 (2): 1401-1418.

Evans, W.C. (1996). Trease and Evans’ pharmacognosy. London: W.B. Saunders
Company. Pp. 48.

277

Vol. 21(2), 2016



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Fedderman, N. R., T. Finally and F. Boller.(2010). Functional diversity in
arbuscular mycorrhiza the role of gene expression, phosphorus nutrition and
symbiotic efficiency. Fungal Ecology, 3: 1-8.

Gaur, A. and A. Adholeya.(2004). Prospects of arbuscular mycorrhizal fungi in
phytoremediation of heavy metal contaminated soils. Curr Sci 86:528-534.

Geneva, M., I. Stancheva , M. Boychinova, N. Mincheva and P. Yonova
.(2010). Effects of foliar fertilization and arbuscular mycorrhizal colonization
on Salvia officinalis L. growth, antioxidant capacity, and essential oil
composition. J Sci Food Agric, 90: 696—702.

Gonzalez-Chavez, M.C., R. Carrillo-Gonzales and M.C. Gutiérrez-Castorena
.(2009). Natural attenuation in a slag heap contaminated with cadmium: the
role of plants and arbuscular mycorrhizal fungi. J Hazard Mater, 161: 1288—
1298.

Gunther, Z., and S.Joseph.(1978). Hand Book Series in Chromatography. CRC
press, Inc. Gupta, N. S, K. T. Sadovart, V.K. Maharkar, B. Jadhao and S.V.
Doral. 1999. Effect of graded level of nitrogen and bioinoculants on growth
and yield of marigold (Tagetes erecta). J. Soil & Crops, 9 (1): 80 — 83.

Heftman, E. (ed.). (1967). "Chromatography". Reinhold Pub. Crop. New York.

Hemavathi, V.N., B.S. Sivakumr, C.K. Suresh and N. Earanna. (2006). Effect of
Glomus fasciculatum and plant growth promoting rhizobacteria on growth
and yield of Ocimum basilicum. Karnataka Journal of Agricultural Sciences,
19: 17-20.

Hristozkova. M., M. Geneva , |. Stancheva , M. Boychinova and E. Djonova
.(2015). Aspects of mycorrhizal colonization in adaptation of sweet marjoram
(Origanum majorana L.) grown on industrially polluted soil. Turk J Biol, 39:
461-468.

Jackson, M. L. (ed.) (1967). 'Soil Chemical Analysis " Printica Hall. Inc.
Englewood cliffs. New Jerrsey. P. 134-182.

Khaosaad, T., H. Vierheilig, K. Zitterl-Eglseer and J. Novak. (2006). Arbuscular
mycorrhiza increases the content of essential oils in oregano (Origanum sp.,
Lamiaceae). Mycorrhiza, 16: 443—446.

Klute, A.(1986). Methods of soil analysis part 1,2nd ed., Agron. Monor. G.ASA and
SSSA, Madison, W.I.

Koska, A.E. and J.N. Gemma.(1989). A modified producer for staining roots to
detect VA mycorrhizas. Mycol. Res., 92(4):486-488.

Kovacik, J. B. Klejdus, J. Hedbavny, F. Stork and M. Backor.(2009).
Comparison of cadmium and copper effect on phenolic metabolism, mineral
nutrients, and stress-related parameters in Matricaria chamomilla plants.
Plant Soil, 320: 231-242.

Lowther, G.R. (1980). Use of a single H2SO4 —H202 digest for the analysis of
Pinus radiate needles. Commun. Soil Sci. plant Analysis, 11: 175-188.
Marschner, H. and B. Dell. (1994). Nutrient uptake in mycorrizal symbiosis. Plant

and Soil,159: 89—-102.

Mozafar, A., U. A. Hartwig, P. Withmann, R. Braun, B. Hartwig-Raz, and J.

jansa. (2002). Arbuscular mycorrhizal infection enhances the growth

278

Vol. 21(2), 2016



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

response of Lolium perenne to elevated atmospheric P co2. J Exp, Bot,
53:1207-1213.

Ordookhani, K. (2011). Investigation of PGPR on Antioxidant Activity of Essential
Oil and Microelement Contents of Sweet Basil. Advances in Environmental
Biology, 5(6): 1114-1119.

Ordookhani, K., S. Sharafzadeh and M. Zare. (2011). Influence of PGPR on
growth, Essential Oil and nutrients Uptake of Sweet Basil, Advances in
Environmental Biology, 5(4): 672-677.

Pawlowska, T.E. and I. Charvat. (2004). Heavy-metal stress and developmental
patterns of arbuscular mycorrhizal fungi. Appl Environ Microbiol, 70: 6643—
6649.

Page, A.L., R. H. Miller and D.R. Kenney (ed.). (1982). Methods of soil Analysis.
Part 2. American Society of Agronomy, Madison, Wisconsin, USA.

Prasad, A., S. Kumar, A. Khalig and A. Pandy. (2011). Heavy metals and
arbuscular mycorrhizal (AM) fungi can alter the yield and chemical
composition of volatile oil of sweet basil (Ocimum basilicum L) Biol Fertil
Soils, 47: 853-861.

Rodriguez, Z., M.V. Cordoba-Matson, L.G. Hernandez-Montiel, B. Murillo-
Amador, E. Rueda-Puente, and L. Lara. (2014). Effect of Pseudomonas
putida on Growth and Anthocyanin Pigment in Two Poinsettia (Euphorbia
pulcherrima) Cultivars. The Scientific World Journal, ID 810192, 6 pages.
http://dx.doi.org/10.1155/2014/810192.

Ryan, M. H. and J. F. Angus. (2003). Arbuscular mycorrhizae in wheat and field
pea crops on a low P soil: increased Zn-uptake but no increase in P uptake
or yield. Plant Soil, 250:225-239.

Siddiqui, Z. and J. Pichtel. (2008). Mycorrhizae: an overview. In: Siddiqui ZA,
Akhtar MS, Futai K, editors. Mycorrhizae: Sustainable Agriculture and
Forestry. Dordrecht, the Netherlands: Springer, pp. 99-134.

Sifola, M. and G. Barbieri. (2006). Growth, yield and essential oil content of three
cultivar of basil grown under different levels of nitrogen in the field. Sci
Hortic, 108:408-413.

Smith, E. E., E. Facelli, S. Pope and F.A. Smith. (2010). Plant performance in
stressful environments. Interpreting new and established knowledge of the
roles of arbuscular mycorrhizas. Plant and Soil, 326: 3-20.

Snedecor, W. and W.G. Cochran. (1981). Statistical Mthods, 7thed. lowa State
Univ. press, Amers. lowa, U.S.A., G.

Stancheva, I., M. Geneva, M. Hristozkova , Y. Markovska and l. Salamon
.(2014). A comparative study on plant morphology, gas exchange
parameters, and antioxidant response of Ocimum basilicum L. and
Origanum vulgare L., grown on industrially polluted soil. Turk J Biol, 38: 89—
102.

Steel, R.G. and T.H. Torrie. (1982). Principles and Procedures of Statistics
McGraw-B. International Book Company, 3rd Ed., London.

Sudova, R. and M. Vosatka. (2007). Differences in the effects of three arbuscular
mycorrhizal fungal strains on P and Pb accumulation by maize plants.
PLANT AND SOIL, 296(1-2):77-83.

279

Vol. 21(2), 2016



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Upadhyaya, H., S. K. Panda, M. K. Bhattacharjee and S. Dutta. (2010). Role of
arbuscular mycorrhiza in heavy metal tolerance in plants: prospects for
phytoremediation. Journal of Phytology, 2(7):16-27.

Vinutha, T. (2005). Biochemical Studies on Ocimum sp. Inoculated with microbial
inoculants. M.Sc, (Agri.) thesis, University of Agricultural Sciences,
Bangalore, India.

Vogel-Mikus, k. and R. Marjana. (2006). Vegetational and mycorrhizal
successions at a metal polluted site: Indications for the direction of
phytostabilisation? Environ. Pollut., 144: 976-984.

Zhang, H.H., M.Tang , H. Chen, C.L. Zhenng and Z.C. Niu. (2010). Effect on
inoculation with AM fungi on lead uptake, translocation, and stress
alleviation of Zea mays L. seedlings planting in soil with increasing lead
concentrations. Eur J Soil Biol, 46: 306—311.

il paidlal)
Glaa ) il gis wabaylly Culadily 455kl g.«abm dggad) datlaal) J:Gi:\

* paill) gl Jlaly ** (ga Uiy *opma Bl
Ay Anala —LaL Llu — el 30 A€ — e 3l el o *
A Y] el — shel S — g Sadly ) o #2

Aalaly elldy YoOY 5 YOy ewse DA Gl (LG Llo) Ze))3l) 408 deyie b danndl 1aa 4ppas cuypal
BosSaall 5 o U iy Ly ampal) 4l o (%) ++ ¢ % VO (% jias) N ame Dy shusil) e
Lgall dalladd) Auhal @l Glayll Sl e (Pseudomonas pulida) \u,i%s s (Glomus intraradices)
Jsh) (e JS b Aysime 50l s (of bl oy ulailly (alia )l gpaie o IS Bslal a0
(Lstally Gl Glall sl ¢ Glagll cuy 8 Aledl) Ssally Cuill il Apall ¢ Jsemndl) LS ¢ il
A paliad) ) LaSilly BasSaal) 5l (e IS i) (saly Alalaall e clilally 2laal Alalaal) Lol
CYYYE) by spmal) g penal du QI Clans Cum Apgilly gpmdll psenall b elailly alal) gt
CulSs dlebaall e cbilally 4l Nl e Gulailly galal gpaie o JSU (maS [ aae VAT
& oslailly Galiall gpaie 5510 ma) AY) cilall e o gl o (aaS/pne YF,ET ¢ £7,£9)
CYY, ) Pyl Aadl (S [ aae TAYE ¢ F10) il CDlalaall Al g gyiall §send)

Al e (paS/pn YTV

280

Vol. 21(2), 2016



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

281

Vol. 21(2), 2016



