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Abstract

A pot experiment was conducted to determine the potential of AM fungi in phytoremediation of
heavy metals and its effect on yield of wheat crop. The experiment was conducted in CR Design
with four replications during rabi 2012-13. Data showed no increase in grain and shoot yields by
AMF inoculation with Zn, Cu, Fe, Mn at different levels but increased root yield, plant height, spike
length and hundred grains weight of wheat as compared with un-inoculated crop. Post-harvest
soil Zn, Cu, Fe and Mn contents of 2, 4.4, 2.8 and 2.9 mg-kg-1, respectively were maximum in
un-inoculated plants treated with Zn, Cu, Fe, Mn at triple of recommended level. No increases in
plant P, N, Zn, Cu, Fe and Mn uptakes were observed by the inoculation of AMF when compared
with uninoculated crop. Maximum plant Zn, Cu, Fe and Mn uptakes of 160.5, 206, 1914.6 and 2653
g-ha-1, respectively were recorded in uninoculated plants applied with Zn, Cu, Fe, Mn at triple of
recommended levels. Wheat roots infection intensity by AMF increased with higher AMF soil
spores density. Results suggest the potential of phytoremediation of contaminated soil to be im-
proved by the inoculation of crops with AMF.
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1. Introduction

Ecosystem has been contaminated with heavy metals due to various natural anthropogenic activities. Heavy
metals, having higher specific gravity contribute to pollution of soil, air and water. Some well-known toxic me-
tallic elements with a specific gravity more than water include As, Cd, Fe, Pb, Hg, Zn, Cu and Mn. Heavy met-
als may enter the human body through food, water, air, or absorption through skin when they come in contact
with human in agriculture and manufacturing, industrial or residential setting. Some of these metals are micro-
nutrients necessary for plant growth, such as Zn, Cu, Mn, Fe, Ni, and Co, while other has no biological function,
such as Cd, Pb and Hg [1]. Arbuscular Mycorrhizal Fungi (AMF) makes a symbiotic relationship with root of
higher plants and provides a direct link between soil and plant roots [2]. About 95% of the world’s plant species
belong to mycorrhizal families [3]. Symbiosis of AMF occurs in almost all types of habitat and climates includ-
ing disturbed soil [4]. The AM fungi are the important rhizospheric microorganism, increase root and shoot
biomass and improve plant growth. It has been indicated that AMF can colonize plant roots in metal contami-
nated soil [5], while their effects on metal uptake by plants are conflicting. In slightly metal contaminated soil,
these fungi increased shoot uptake of metals [6], while in severely contaminated soil, AM fungi reduce shoot
metals concentration and protect plants against harmful effects of metals [7]. AM fungi can contribute to plant
growth mostly in disturbed and heavy metals contaminated sites by increasing access of the plants relatively to
immobile minerals such as P [8]. These fungi improve the physical properties of soil [9] and bind heavy metals
into roots that restrict their translocation into shoot tissues [10]. The AM fungi colonized plants are more resis-
tant to stresses caused by drought, salt and heavy metals. These positive effects of the fungi on the growth of
plant result in an improved nutrient supply. Physico-chemical technologies used for soil remediation make the
land useless and inhibit the plant growth as they remove all the biological activities. Therefore sustainable
on-sites techniques need to be developed for the remediation of heavy metals [11]. Phytoremediation is the use
of plants to stabilize, clean-up, low-cost environment friendly and potentially effective technology for the rec-
lamation of polluted soils. Mycorrhizal plants play an important role both in phytostabilization and phytoextrac-
tion. Strategies used by AM fungi in phytostabilization include immaobilization of metals by precipitating poly-
phosphate granules in the soil, compounds secreted by the fungus, adsorption to fungal cell walls, and chelation
of metals inside the fungus [12]. Heavy metals cannot be degraded chemically and need to be physically immo-
bilized or removed. Keeping in view the significance of AMF in phytoremediation of heavy metals, this research
experiment was planned.

2. Methods and Materials

An experiment was conducted in pots under natural conditions to determine the potential of AM fungi in phyto-
remediation of heavy metals and effect on yield of wheat crop. The experiment was conducted in completely
randomized design (CRD) during Rabi 2012-13. There were 9 treatments with four replications. The total expe-
rimental units were 36.

The treatments combinations for the experiment were as follows;

T1: Control (No fertilizers)

T2: N, P and K as basal dose

T3: Zn, Cu, Fe, Mn at recommended levels

T4: Zn, Cu, Fe, Mn at double of recommended levels

T5: Zn, Cu, Fe, Mn at triple of recommended levels

T6: AMF inoculation

T7: Zn, Cu, Fe, Mn at recommended levels + Mycorrhiza

T8: Zn, Cu, Fe, Mn at double of recommended levels + Mycorrhiza

T9: Zn, Cu, Fe, Mn at triple of recommended levels + Mycorrhiza

A basal dose of N, P and K were applied to all treatment except control at the rate of 120, 90 and 60 kg-ha *,
respectively. The dose of N was applied in the form of urea as 3 splits application. Phosphorous was applied in
the form of Single super phosphates (SSP) and K as potassium sulphate at sowing time. The heavy metals Fe,
Cu, Zn and Mn were applied at recommended rate of 2.5, 1.0, 2.5, 1.0 mg-kg * soil and double as well as triple
of recommended levels, respectively. Normal recommended cultural practices were strictly followed for opti-
mum plant growth. Surface soil was collected from research farm of the University of Agriculture Peshawar at a
depth of 0 - 30 cm. The collected soil was ground and sieved at less than 2 mm mesh. The pots were filled with
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soil at the rate of 3 kg soil per pot and randomized completely with one week interval to minimize the side ef-
fects. The soil was silt loam, low in organic matter, total N and AB-DTPA extractable P contents, alkaline in
reaction, moderately calcareous and non-saline. AMF spores isolated from rhizosphere of fresh growing ber-
seem were used as inoculum in this experiment. Total of hundred number of AMF spores extracted from 100 g
soil were inoculated to the crop at the time of seed sowing. These spores were dominated with Glomus intara-
dices species of AMF. Some other species of AMF i.e. Glomus mosseae and G. fasiculatum were observed in
the inoculum but in minor quantity. Initially ten seeds of wheat were sown in each pot, which were thinned to 5
plants per pot after germination. Plants were grown to maturity stage for 127 days. Plants were harvested from
each pot above surface of soil. After harvest, the plant and root samples were washed with distilled water, dried,
oven at 80°C - 90°C for 48 hours until constant weight, shoot and roots dry matter yield were recorded. After
harvesting the crops, soil sample were also collected from each treatment. Some of the fresh soil samples were
also stored at 4°C for AMF spores root infection intensity determinations, while the remaining soil was dried at
room temperature, ground, sieved through a <2 mm sieve, and packed in labeled plastic bags for laboratory
analysis.

Soil and Plant Analysis

Soil samples from each treatment were analyzed for various physical and chemical properties, like soil texture
[13], pH [14], total N [15] and AB-DTPA extractable P, Zn, Cu, Fe [16]. Plant N, P, Zn, Cu, Fe and Mn uptakes
were calculated by the method described by Jarrel, [17] as shown in Table 1.

Data regarded grain, shoot, root dry matter yields, 100 grain weight, plant nutrient concentration, and their
accumulation by plants were analyzed statistically according to the procedure given by Steel and Torrie [18] us-
ing the MSTATC package. Arbuscular mycorrhiza fungal spores were isolated from the soil by the techniques as
described by Gerdeman and Nicolson, [19]. The isolated spores from the soil sample were identified as per the
guideline described by Schneck and Parez [20]. Mycorrhizal infection rates in the roots of wheat were deter-
mined according to the procedure as described by Philips and Hyman [21].

3. Results and Discussion

An experiment was conducted in pots to determine the potential of AM fungi in phytoremediation of heavy met-
als and effect on yield of wheat crop.

3.1. Wheat Yield and Yield Components

Grains, shoot, root dry matter yield and hundred grains weight of wheat crop as affected by AMF inoculation
with heavy metals are presented in Table 2. Data showed that maximum grains and dry matter yield of 4657 and
15915 kg-ha* were recorded respectively, in treatment where Zn, Cu, Fe, Mn were applied at double rate of
recommended level. Maximum increases in wheat grain and dry matter yield as 36% and 11%, respectively
were observed in treatment of Zn, Cu, Fe, Mn applied at double of recommended level over control. When
compared with non-inoculated crop, a decreasing trend in grain and dry matter yields of wheat was observed by
AMF inoculation with Zn, Cu, Fe, Mn at different level. Maximum root yield of 2.49 kg-ha™* was noted in
treatment of Zn, Cu, Fe, Mn applied at triple of recommended level and mycorrhiza inoculation. Maximum in-
crease in wheat root dry matter yield as 58% was observed in treatment of Zn, Cu, Fe, Mn at triple of recom-
mended level and mycorrhiza over control. When compared with uninoculated crop increasing trend in root dry
matter yield of wheat was observed with AMF inoculation with Zn, Cu, Fe and Mn at different levels. Highest
100 grains weight of wheat as 4.85 g was noted in treatment of Zn, Cu, Fe, Mn applied at triple of recommended
level with mycorrhiza. The maximum increase in 100 grains weight as 39% was noted in treatment of Zn, Cu,
Fe, Mn applied at triple of recommended level with mycorrhiza over control. When compared with uninoculated
crop increasing trend in 100 grain weight of wheat was observed by AMF inoculation with Zn, Cu, Fe and Mn at
different levels. Sharif and Classen [22] reported that at low P supply, infection with AMF fungi significantly
increased the yield of Capsicum annum L. AL-Karaki and Clark [23]. Kahiluoto et al. [24] reported higher my-
corrhizal colonization and greater benefit of mycorrhizal association in flax grown on soils with low rather than
intermediate initial soil fertility. Rabie [25] found that mycorrhizal inoculation significantly increased root dry
weight, total lipid and chlorophyll content in wheat plant. AM fungi can contributed to plant growth, particularly
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Table 1. Physico chemical characteristics of soil under investigations.

Properties Units Concentration
Sand % 284
Silt % 66.2
Clay % 5.4

Textural class - silt loam

pH - 7.56
EC. dsm™ 2.76
Lime % 16.5
OM content % 0.73
Total N content % 0.08
P (AB-DTPA extractable) mg-kg™ 2.25

Table 2. Yield and yield components as affected by AMF with heavy metals.

Grains Shoot Root
Treatments 100 grain weight (g)
------------ yield (mg-pot *)------------
Control (No fertilizers) 5118d" 21570 ¢” 24fF 35¢"
N, P and K as basal dose 6010 bc 22868 abc 3.0e 447 cd
Zn, Cu, Fe, Mn at recommended levels 6590 ab 23260 ab 3.05de 4.67abc
Zn, Cu, Fe, Mn at double of recommended levels 6980 a 23870 a 3.1d 4.69 abc
Zn, Cu, Fe, Mn at triple of recommended levels 6790 a 23720 ab 3.2cd 4.54 bed
AMF inoculation (M) 5570 cd 22550 be 32cd 4.3d
Zn, Cu, Fe, Mn at recommended levels + M 5730 cd 23320 ab 3.1d 4.7ab
Zn, Cu, Fe, Mn at double of recommended levels + M 6630 ab 23420 ab 3.4b 4.80 ab
Zn, Cu, Fe, Mn at triple of recommended levels + M 6620 ab 23260 ab 3.7a 4.85a
LSD (P <0.05) 661.44 1303.1 0.1542 0.2370

“Means with different letter (s) in columns are significantly different at P < 0.05. Recommended levels of Zn, Cu, Fe & Mn were
applied @ 2.5, 1.0, 2.5 and 1.0 mg-kg’1 soil, respectively.

in disturb or heavy metal contaminated sites, by increasing plant access to relatively immobile mineral such as P
[26], improving soil texture by binding soil particles into stable aggregates that resist wind and water erosion
[27].

3.2. Post Harvest Soil Nutrients Contents

Data regarding post harvest soil N, P, Zn, Cu, Fe and Mn contents as influenced by AMF inoculation and heavy
metals are presented in Table 3. Data indicated that total N and AB-DTPA extractable P contents of 1730, 4.78
mg-kg ™, respectively were recorded in the treatment of N, P and K application. The AMF inoculation of wheat
reduced post harvest soil Zn, Cu, Fe and Mn contents as compared to uninoculated crop. Maximum content of
post harvest soil Zn, Cu. Fe and Mn as 2, 4.4, 2.8 and 2.9 mg-kg * was noted in treatment of Zn, Cu, Fe, Mn ap-
plied at triple of recommended levels. Mycorrhizal symbiosis increased N content in soil [28] and mycorrhizal
symbiosis increased P content in soil [29]. AM broad bean plants had higher shoot and root P, N and K contents
than non AM plants, regardless of wastewater treatments [30]. However, both mycorrhizal and non-mycorrhizal
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Table 3. Post harvest soil N, P, Zn, Cu, Fe, Mn concentration as affected by AMF and heavy metal.

AB-DTPA Extractable

Treatments Total N P Zn Cu Ee Mn
(mg-pot )

Control (No fertilizers) 1041¢"  14f 0.053g"~  0.072f 032g" 0639
N, P and K as basal dose 228.6a 49a 0.077 f 0.18e 1.56 f 1.64 f
Zn, Cu, Fe, Mn at recommended levels 191.0b 29cd 0.134 bc 0.19d 197e 258cd
Zn, Cu, Fe, Mn at double of recommended levels 186.9 be 31lc 0.149b 0.28b 2.56 b 3.48b
Zn, Cu, Fe, Mn at triple of recommended levels 209.4 ab 41b 0.241a 0.3la 291a 3.98a
AMF inoculation 164.6 cd 2.9d 0.084 ef 0.14e 1.82¢e 1.85 ef
Zn, Cu, Fe, Mn at recommended levels + Mycorrhiza 147.8d 18e 0.118 cd 0.26 b 2.19d 2.48d
Zn, Cu, Fe, Mn at double of recommended levels + Mycorrhiza 150.5d 2.6cd 0.104 de 0.23¢c 2.34cd 2.82¢c
Zn, Cu, Fe, Mn at triple of recommended levels + Mycorrhiza 165.8 cd 29d 0.133 bc 0.27b 250bc  2.05e
LSD (P <0.05) 23.725 0.3845  8.051E-03 0.0491 0.0997 0.1018

“Means with different letter (s) in columns are significantly different at P < 0.05. Recommended levels of Zn, Cu, Fe & Mn were applied @ 2.5, 1.0,
2.5 and 1.0 mg-kg " soil, respectively.

plants grown in control (unpolluted) soil had higher P, N and K contents than sewage water stressed plants, par-
ticularly at higher concentrations (40% and 60%). Arbuscular mycorrhizal fungus enhances soil zinc and copper
content [31] [32]. In some circumstances, mycorrhiza fungi protect the plant with heavy metals content [33].
Voegelin et al. [34] observed that some of heavy metals are essential to plant and are required for plant growth
and development such as Cu, Zn, Fe, Mo, Ni but their higher soil contents are considered a matter of concerned
to society as they adversely affect the quality of soil.

3.3. Plants Nutrients Uptakes

Data regarding Plant N and P uptakes as influenced by AMF inoculation and heavy metals are presented in Table 4.
Data on plant N uptake indicated that maximum plant N uptake of 152.4 kg-ha ' was observed in treatment in
which N, P and K were applied. It is evident from the data that plant N uptake decreased by the inoculation of
AMF with Zn, Cu, Fe, Mn as compared with uninoculated crops at different levels. Data showed that the highest
plant P uptake of 3.25 kg-ha ' was recorded in treatment in which N, P and K were applied. Plant P uptake de-
creased by AMF inoculation with Zn, Cu, Fe, Mn as compared with uninoculated crop. Data revealed that AMF
inoculation with heavy metal reduced the plant uptake of Zn, Cu, Fe, and Mn as compared to uninoculated
treatment. Maximum plant Zn, Cu, Fe, and Mn uptake of 160.6, 206.0, 1941.6 and 2653.0 g-kg ™ was observed
in treatment of Zn, Cu, Fe, Mn applied at triple of recommended levels. Plant Zn, Cu, Fe and Mn uptake de-
creased by the inoculation of AMF when compared with uninoculated crops with Zn, Cu, Fe and Mn applied at
different levels. These results are supported by Smith and Read [3] who studied that arbuscular mycorrhiza are
one of the most prominent soil microorganisms, which expand the interface between plant and the soil environ-
ment and contribute to plant uptake of P and N [7] as well as micronutrient Cu and Zn. Growing broad bean
plants with AM inoculum can minimize the heavy metals toxicity and increase the growth and P uptake [30].
AM fungi supply essential nutrients to plant from the soil through uptake by extra radical hyphae [33], but the
fungus may contribute a biological barrier against transfer of heavy metals to shoots [35]. In some cases AM
fungi reduce excess plant uptake of trace element like Zn, Cd and Mn [36] whereas in other cases they enhance
or have no effect on the uptake [37]. Tonin et al. [38] studied that the ability of AMF fungi isolated from V. ca-
laminaria L. colonized and reduced metal uptake by Trifolium subterraneum L. Use of these fungi resulted in
lower accumulation than the use of a metal tolerant AM fungus isolated from a non tolerant plant. The effects of
AMF on host plants tolerance to heavy metals may depends on reduced metal uptake because of retention and
immobilization in chitin or glomalin in the fungal wall [39].
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3.4. Soil Spores Density and Root Infection Intensity of AMF in Wheat Root

Data in Table 5 showed significant (P < 0.05) increase of AMF soil spores density of 24 spores per 20 g soil and
wheat root infection rates of 52.3% in treatment of AMF inoculation. There was positive correlation between
soil spores density and root infection intensity of AMF (Figure 1). Bafeel [40] demonstrated that the percentag-
es of AM infection in the root of wheat crop significantly reduced at high levels of heavy metals in the soil. AM
fungi still function at low levels of heavy metals polluted soil. These results indicated that low concentrations of
heavy metals in soil are not harmful to AM fungus. Vogel-Mikus et al. [5] proved the sensitivity of AM sym-
bionts to heavy metal contaminated soil expressed as a reduction in spores germination or root colonization.
Heavy metals have been reported to reduce or eliminate AM infection at their higher concentration in the soil,
thus interfering with possible beneficial effects of mycorrhizal association. Zandavalli et al. [41] studied Arau-
caria angustifolia inoculated with Glomus clarum, found that the biomass and N content of A. angustifolia

Table 4. Uptake of N, P, Zn, Cu, Fe, Mn by wheat plant as influenced by inoculation of AMF with heavy metal.

N P Zn Cu Fe Mn

Treatments

uptake (kg-ha™)  —mmemmeeeeeee- Plant uptake (g-ha™)------------------
Control (No fertilizers) 69.4e" 093f 35599°  482f  209.99¢g° 421779
N, P and K as basal dose 152.4a 3.25a 51.45f 119.23 e 1066.0 f 1093.8 f
Zn, Cu, Fe, Mn at recommended levels 1273b 196cd 89.32bc  129.9d 1317.0e 17245 cd
Zn, Cu, Fe, Mn at double of recommended levels 1246bc 2.04c 99.49b 1835b 1707.2b 2325.1b
Zn, Cu, Fe, Mn at triple of recommended levels 139.6ab 2.76b 160.55a 206.04e 19416a 2653.0a
AMF inoculation 109.7cd 1.92d  59.00 ef 955e 12156 e 12355 ef
Zn, Cu, Fe, Mn at recommended levels + Mycorrhiza 985d 1.22e 79.17cd 1718b 1457.5d 1655.8 d

Zn, Cu, Fe, Mn at double of recommended levels + Mycorrhiza 100.3d 1.74cd 69.78de  152.8c 1559.1 cd 1884.3c
Zn, Cu, Fe, Mn at triple of recommended levels + Mycorrhiza 1105cd 1.93d 88.79bc 183.1b 1644.9 bc 1367.5e
LSD (P <0.05) 23.725 0.3845  8.051 0.0491 0.0997 0.1018

“Means with different letter (s) in columns are significantly different at P < 0.05. Recommended levels of Zn, Cu, Fe & Mn were applied @ 2.5, 1.0,
2.5 and 1.0 mg-kg ™ soil, respectively.

Table 5. Soil spores density of AMF and their root infection intensity in wheat as affected by AMF inoculation with heavy
metals.

Treatments AMEF soil spores density/20g soil ~ AMF root infection intensity (%)
Control (No fertilizers) 9g” 16.3¢"
N, P and K as basal dose 11f 31.5d
Zn, Cu, Fe, Mn at recommended levels 13 ef 34.0d
Zn, Cu, Fe, Mn at double of recommended levels 14 ef 37.7cd
Zn, Cu, Fe, Mn at triple of recommended levels 15de 50.0 ab
AMEF inoculation 24a 52.3a
Zn, Cu, Fe, Mn at recommended levels + Mycorrhiza 17 cd 48.7 ab
Zn, Cu, Fe, Mn at double of recommended levels + Mycorrhiza 19b 46.7b
Zn, Cu, Fe, Mn at triple of recommended levels + Mycorrhiza 18 bc 412c
LSD (P <0.05) 1.2784 2.3144

“Means with different letter (s) in columns are significantly different at P < 0.05. Recommended levels of Zn, Cu, Fe & Mn were applied @ 2.5, 1.0,

2.5 and 1.0 mg-kg " soil, respectively.
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Figure 1. Relationships between soil spores density of AMF and their roots infection
intensity in wheat.

forming AM increased significantly. Arbuscular mycorrhizal fungi may serve as a filtration barrier against
transfer of heavy metals to plant through chelation of metals inside the fungus and secretion of various organic
compounds by the fungus. These fungi establish mutual symbiosis higher plants, providing a direct physical link
between soil and plant roots [2]. Some reports indicated higher concentrations of heavy metals in plant due to
AM [35] whereas, other found a reduce plant concentration; i.e. Zn and Cu in mycorrhizal plant [42]. AM fungi
are important as they play a vital role in metal tolerance and accumulation [43].

4. Conclusion

Phytoremediation is the use of plants to remediate or clean up contaminated soils to remove or stabilize heavy
metals. AM fungi are important as they play a vital role in metal tolerance and accumulation. It could be con-
cluded from the results of conducted research work that wheat grains, total dry matter yield and plant nutrients
uptakes of AMF inoculated crop did not show increases over uninoculated crop with increasing levels of heavy
metals. While wheat roots yield, plant height, spike length and 100 grain weight increased by the inoculation of
AMF with heavy metals at different levels. Post harvest soil nutrients contents of uninoculated wheat crop were
higher over AMF inoculated crop. Positive correlation was observed between soil spores density of AMF with
their root infection intensity in wheat crop.
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