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HERE is an increasing interest worldwide for the

maintenance of soil quality and remediation strategies for
management of soil contaminated with pollutants including
heavy metals. This work was carried out in pots with three
compartments, a central one for root and hyphal growth and
two outer ones which were accessible only for hyphae of the
arbuscular mycorrhizal fungus. Mycorrhizal and nonmycorrhizal
corn plants were grown on sandy soil mixed with either Co or
Ni as well as Co with Ni (5, 10 and 50 mg.kg™' soil).

Cobalt with mycorrhizal inoculation reduced plant growth
parameters significantly compared to Ni with mycorrhizal
inoculation. Such reductions for treatments of 5 ppm Co with
mycorrhizal inoculation recorded 21.5, 24.4 and 10.9 % less than
those of the same level from Ni with inoculated plants for plant
height, shoot and root dry weights, respectively. The colonization
rate was much higher in the rhizobox treated with Ni than other
treatments. Results also showed that, mycorrhizal colonization
significantly increased the contents of beth Co and Ni in both
shoots and roots of com plants receiving cither of these two
elements up to 10 ppm; opposite trend were encountered using 50
ppm from the two elements. The mycorrhizal plants accurmnulated
significantly more macro and microeclements than the
nonmycorrhizal plants whose nickel was less effective.

Keywords: Mycorrhiza,Cobalt, Nickel, Comn plant.

Contamination of soils with heavy metals such as Co and Ni can occur naturally
or as a result of a wide range of human industrial and agricultural activities. In
Egypt, total cobalt content in highly polluted soil ranged from 36 to 64 mg Kg™'
due to prolonged irrigation with industrial waste water (Zohny, 2002 and Abdel-
Sabour, 2003). Soils throughout the world contain Ni within the broad range of
0.2 to 450ppm (Kabata-Pendias & Pendias, 1992).

Phytoremediation utilizes biological organisms for phytoextraction through
removal of plant biomass containing concentrated levels of heavy metals taken
up from polluted soils. Phytoremediation is an alternative to conventional
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physical and chemical methods of treating contaminated soils (Salt et al., 1995).
Soil microorganisms are known to play a key role in the mobilization and
immobilization of metal cations, thereby changing their availability to plants.
Vesicular-arbuscular mycorrhiza (VAM) are soil microorganisms that establish
mutual symbioses with the majority of higher plants, providing a direct physical
link between soil and plant roots. Bethlenfalvay (1992) reported clear benefits
for mycorrhizal symbiosis; such benefits seemed to be related to nutrient uptake
and storage. Field investigations have indicated that mycorrhizal fungi can
colonize plant roots extensively even in metal contaminated sites (Diaz &
Honrubia, 1994 and Pawlowska et al., 1996). Leyval et al. (1997} reported that
high concentrations of heavy metals in soil have an adverse effect on micro-
organisms and microbial activities. Among soil microorganisms, mycorrhizal
fungi are the only ones providing a direct link between soil and roots, and can
therefore be of great importance in heavy metal availability and toxicity to
plants. .

Mycorrhiza enhances the uptake of mineral elements, especially phosphorus,
through infecting plant roots. Several authors found that shoot concentrations of
Zn, Cu, Pb and Cd decreased with arbuscular mycorrhizal colonization at high
levels of available metals; however, at lower levels, metal uptake increased
compared with non-mycorrhizal plants (Weissenhorn et al,1995). This agrees
with results of Heggo et al. (1990) who found that (VAM) increased Cd uptake
in soybean when the soil concentration of Cd was low, but reduced Cd uptake
when the soil Cd concentration was high. Guo ef al. (1996) showed that (VAM)
increased Cd uptake by 37% in beans and 41% in maize. Later on, Burke ef al.
(2000) found that lead uptake was increased after the application of a fungicide
which reduced mycorrhizal associations, other soil microflora being also being
affected (Torstensson & Wessen, 1984 and Paul et al., 1989).

The aims of this work were the evaluation of (1) the influence of mycorrhiza
on the phytoremediation and translocation of both Co and Ni within corn plants,
and (2) the ability of mycorrhiza to modify Co and Ni effects on tissue mineral
concentration.

Material and Methods

Pots were used as to permit spatial separation of roots and hyphae growing
zones in the soil (Rhizobox). Each rhizobox had three compariments, a central
one for root and hyphal growth and two outer ones for hyphal growth alone
(Fig.1). For compartmentation, 20 pm nylon net was used, which allows hyphae
but not the roots of plants to pass through. The inner compartments of
rhizoboxes were packed with fine sand which was washed with acid, followed by
distilled water. The outer ones were packed with sand mixed well with cobalt,
nickel or cobalt with nickel at rates of 5, 10 and 50 mgkg", respectively. The
cobalt and nickel stock solutions were prepared by dissolving sulfate salts in
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distitled water. The rhizoboxes were vibrated during packing and the sand was
packed to a height of 13 cm. The amount of sand was 5300 g in the root
compartment and 4400 g in each of the outer compartments

S5em - 30cm

Net (20 Um)

B ycm

Fig.1. Details of the Rhizobox used in the experiments. A. Inner compartment (roots
and hyphae); B. Quter compartments (hyphae or bulk seil).

Mycorrhyzal inoculation

A soil sample fiom rhizosphere of onion plants was used to prepare the
mycorrhyzal imoculum. Hundred and fifty grams of the root-soil mixture were
suspended in 300 ml of sterile water and shaken for one hour. The suspension was
filtrered and the filtrate was collected and thereafter kept in a refrigerator to be later
applied to the non-inoculated plants. Root-soil mixture was taken from the filter
paper and steam-sterilized (100°) for one hour on four consecutive days to eliminate
native mycorrhizal propagules. Hundred and fifty grams from either sterilized or
non-sterilized soil were put in the inner compartment of the rhizobox ten cm below
the surface for the treatments without or with mycorrhyza, respectively.

Five grains of com (Zea maize L., Cv. Giza 461); were planted in the inner
compartment of each rhizobox. After germination, seedlings were thinned to
three plants per rhizobox. The different rhizoboxes were irrigated with 1/5
Hoagland's nutrient solution. Stock solution consists of 224, 235, 160, 62, 32, 24,
1.77, 0.27, 0.11, 0.131, 0.032, 0.05 and 1.12 mg/L of N, K, Ca, P, S, Mg, Cl, B,
Mn, Zn, Cu, Mo and Fe, respectively. The pH and EC values of this solution
were 6 and 0.8 dS/m, respectively. Every three days, the pots were weighed and
the water content was adjusted when necessary to ensure maintenance of the soil
water content at approximately 60% of the field capacity. All treatments were
applied with or without mycorrhizal inoculum and there were three replicates.

The plants were harvested after six weeks of growth, The roots were
carefully washed from soil with tap water and then with distilled water, dried
between paper tissue, weighed and cut into segments of 2bout 1¢m length. From
each pot, approximately 1g fresh roots was stained with fuchsin, and mycorrhizal
colonization (colomized root length as percentage of total root length) was
measured using the line-intersect method (Kormanik & McGraw, 1982). Dry
weights of shoot and roots were determined after drying at 70 ° for 48 hr. For
mineral nutrient analysis, plant samples were ground and about 0.5 g dry matter
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samples were digested in a mixture of concentrated H,SO,4 and H,0; at 400 °. N,
P, K, Fe, Mn, Zn, Cu, Co and Ni were determined in the digested materials,
using atomic absorption spectrophotometer.

Analysis of variance was carried out for the data using the GLM procedure of
SAS (SAS Institute, 1996). The means of treatments were testeqd for statistically
significant differences according to Duncan's Multiple Range Test (1955).

Results and Discussion

Growth parameters of corn plants

Data presented in Table 1 show the effects of different concentrations of Ni,
Co and interactions between them and mycorrhizal {VAM) inoculation on some
plant growth parameters (plant height, along with shoot and root dry weights).
High doses of Ni and/or Co brought about larger adverse effects in the inoculated
plants than in non-inoculated plants. The calculated relative decreases of plant
height along with shoots and reots dry weights, when mycorrhizal inoculation
was accompanied with 50 ppm from Ni and Co, were 39.7, 48.8 and 85 %,
respectively compared with the same level from cobalt with nonmycorthizal
infection. At any level of added Co, compared to Ni, mycorrhizal plants growth
parameters were significantly reducéd. Such decreases, for the 5 ppm Co
mycorrhizal plants, recorded 21.5, 24.4 and 10.9 % less than the same level of Ni
inoculated micorhizal plants for plant height along with shoot and roots dry
weights plant, respectively.

TABLE 1. Effect of mycorrhizal inoculation along with cobalt and nickel concentrations on
some growth parameters of corn plants as well as colonization rate of roots-

Plant height Dry wt of shoots l Dry wt. of roots Root colonization

Treatment

Conc. O - - N grbimbox | ____ 1. . 0 N

(ppm) savaM [ vaml [ Tvan D) vam ] vaM [Covam mmfvm ]

. Cebalt

3 60.0c 38.5a 14.0e 9.19a 1.79%¢ 0.93a 48a 0

10 33.7b. 36.3a 7.62b 6.47 b 0.93d 0.67b 21b 0

50 19.1d 33.8b 4.34a 60l b 0.51c 0.62b 17b 0
Nickel '

5 76.4¢e 50.9¢ i8.5¢ 11.1a 2.0ic 1.07a 60c 0

10 44. 71 50.2¢ 10.8f 9.40a 1.17b 0.94a 43d [1]

50 26.1g | 494c 6.34d | 9.36a 0.81d 0.97a 28e 0
Co &Ni

5 26@ 42.3d 1.25¢c 2.96d 0.24f 0.74a 28f 0

10 24.2¢ 37.5a 1.36c 2.51d 0.15¢ 0.80a 20b [4]

50 20.0d 33.1b 1.28¢ 2.50d 0.13f 0.87a 13g 0

Numbers followed by the same letter are not significantly (p <0.05) different (n=3)

Concerning the effect of different concentrations of either Ni, Co or their
combination on mycorrhizal colonization rate of corn roots, data given in the
same table reveal that the non-inoculated plants had no mycorrhizal colonization;
the roots of the mycorhizal plants were well colonized, the colonization rate
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being most obvious in the rhizobox treated with Ni. Moreover, the infection rate
decreased in parallel with the increased dose of the studied heavy metals
especially with treatment of Ni accompanied with Co.

Contents of corn plants from Co and Ni.

Contents of Co and Ni in shoots and roots of com plants grown in the rhizoboxes
treated with different concentrations from either Co or Ni and inoculated with
mygorthiza are given in Table 2. Results show that the mycoorhizal colonization
significantly increased contents of both Co and Ni in both shoot and roots of comn plants
receiving either Co or Ni individually even at a rate of 10ppm. The calculated relative
increases in the contents of shoots from Co or Ni for the mycorrhiza treatrnents
recorded 11.2 or 21.7 folds over those of nonmycormhizal infection conditions. This
may be due to the delivery from the outer compartments accessible to hyphae but not
roots. This finding is in accordance with the results of George et al. (1994) and Li et al.
(1991) who found a high capacity of external mycorrhizal hyphae to deliver and
corroborates Zn and Cu to the host plant. The contents of shoots or roots from either Co
or Ni were, however, sharply decreased when using 50 ppm from either Co or Ni
individually. On the other hand, the application of Co and Ni together, at all used
concentrations, show a sharp decrease in contents of the two elements in both shoots
and roots especially with mycoorhizal colonization. This may be due to inhibiting
mycorrhizal infection as well as the absorption of both Co and Ni. Comparison
between mycorrhiza and nonmycorrhiza applications showed high levels of Co and Ni
in the roots of the infected plants, thereby the translocation of the elements to leaves
was hindered; the high concentrations from either Co or Ni seemed to decrease the rate
of mycomhizal infection. This may suggest a preferential accumulation of these
elements in root tissue at least at moderate or high supply of these elements. These
results are in agreement with the findings of Dehn & Schuepp (1989) who found
decreased Cd concentrations in the shoots of maize and lettuce mycorrhizal plants,
regardless of the Cd contents of used soils. Generally, Ni contents in both shoots and
roots were higher than those of Co for the mycorrhizal infected roots.

Contents of corn plants from macro and micronutrients.

Concentrations of macro and micronutrients in shoot and roots of the studied comn
plants as affected by different concentrations applied from Co and Ni as well as
mycorthizal inoculation are shown in Table 3. Data illustrate that the myorrhizal
plants accurmilated significantly more macro and micronutrients than the
nonmycorrhizal ones. For example, the content of iron in shoots of the Co treatment
at 5, 10 and 50 pptn in the mycorrhizal plants contributed 40.3, 96.8 and 24.7 %,
respectively more than nonmycotrhizal plants. This may be due to the limited
diffusion of nutrient ions through soil, thus roots deplete these immobile soil
nuirients just from a zone immediately surrounding the root; mycorrhizal hyphae
seemed to extend intc the zone of nutrient depletion and can increase the
effectiveness of absorption of immobile elements by as much as 60 times (Bieleski,
1973). This is in agreement with results of Nielson & Jensen (1983) who reported
that VA-mycorrhizal inoculation tends to increase the uptake of both nitrogen and
potassium:. Kothari e? ol. (1991) added that mycorrhizal plants often grow better than
nonmycorrhizal plants due to higher P, Zn and Cu uptake.
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TABLE 2. Effect of mycorrhizal inoculation along with cobalt and nickel concentrations on their content in shoots and roots of

treated corn plants.
Cobalt & Nickel

i Cobalt Nickel

g Cobalt Nickel

E VAM | VAM | +VAM | -VAM '_I-\"AMT-VAM +VAMI.VA'M +VAMT-VAM VAM | VAM | +vAM T-VAM +VAM | -VAM

- mghg”

5 2472 | 022d | 2570c | 344a | 130 | 060d | 4426 | 402 | 13te | O1d | 941b | Lo4a | 91t | Oded | 245 | 208
10 612b | oS6d | s60d | 76sh | 306f | 148 | 769 | 979b | 102 | 0084 | 352 | 180a | 3672 | 031d | 115b | 096d
50 095 | 009d | 998 | 133a ] 417g | 024d | 173c | 1598 | o066c | 006d | 217 | 0932 | 2706 | 023d | 844b | 070d

Numbers followed by the same letter arc not significantly (p<0.05) different (n=3).
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FTABLE 3. Effect of mycorrhizal inoculation along with cobal¢ and nickel concentrations on the contents of both macro and microelements in both

shoots and roots of treated corn plants.

Cobat Nicle Cobait Nickel
element VAM | VAM +VAM | VAM FVAM T VAM
5 [ w [ = [ s [Tw [ = s T ww [ o [ s 1T 1w [ & 5 [ 10 ' | s [ 10 [ %
N
Shoot 0 [ 4Mla [ 18 [ 28 [0k [ 2% [42d4 [465 | V& [ BS5 [ Blc | 27 [ 450 [ 456 [0 [ 2% [ 8 | 2%
Root 288 [ 301b (269 [ 206 [195c [202c {300a [ 209 [ 2194 [ 202c [ 196 [ 197 | 330c | 3160 | Mle | 206 [ 212% | 205
P
Shoot 028 |05 [ 03n [ 020n [020m [0 |02 [057b [0Ma [ 02a [ 02 [ 02 [O¥Ma [ 05 T 035 J021a [ 0222 | 021n
Root 188 | 251c | O8% | 13% | 124c | 12%c | 204 | 273 | 096b | 155 | 156be | 16lc | 221c | 295 | 12%b | l6ic | 16k [ 16k
K
i_Sm 2100 [ 283b {258 [ 156 | 157 | 15dc ] 378 | 3l0a | 22dc | 159 [ 152c | 153c | 243 | 3Lla | 209 | 159c | 152 | 155
Rot 617 | 68eh | 52% [ 451d | 448 | 44ad | 60M | 577 | 665 | 4d4d | 450d | 4454 | 82%h | 5335 | 480w | 452d [ 468d | 463d
Fe
Lﬁm 4% [ 2126 [ 132a [ 106c | 108c | 106 1522 | 2% | 131a ] 10% 106 107 12 2156 [ 147 [ ome [ 10% 108c
Root e | 71 |30 |20 |2 [ 2ic Md ] Bk | 2 | 26 | 24 frr 3200 {32d [ 355 [ 22 [ 21 | 223
| Mn
Shoot T [ 1667 [ 363 [ 527 [ 534d [ 5360 [ 8500 [ 134 | 453¢ | 532d [ 3238 [ 5260 [ 207 [ 170 ] 44de [ 531d | 538 | 534d
Root 1226 [ 170 [ 10ic [ 6649 [ 669d [ 667d [ 168F | 284c | 877 | 675d | 662d | 675d | 241a | 278 ! 882 | 6/4d | 622d | 67d
Cu
Shoat M7 [ 44k [ 246 [312c [ 0tc [ 34 [ 270 [502d [ 278 [ 302 [300c [315 [ 08 |48 [ 197 [ 34 [ 4% | 34
Root 654 | %27 | 433 | 452d | 433 | 453d | 71Se | 137 | 43% | 451d | 440d | 4420 | &54b | B0 | 472 | 435d | 4a3d | 44
Zn
| Shoot Slda | 8dSh [ 433 | BW [ 375d [ 371d [ 6% | 903a | 9% | 374d | 371d [ 32 | 94 | 858 | 355 [ 3r4d | 3TA | 37sd
Rool Bogb | 10la | M@a [ 6l6c | 6l5c |60k [ 106 | 14% |91 [ 623 [e06e @S5 [ 106 [ 12 [ 89s | o6 | &8 | 61k

62t NIOOAS LTVEOO JO TAVLAN FHIL NO IONN TVZIHEHIOOAN A0 SONAN T LN
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The contents of different elements in shoots and roots tended to decrease with
increasing concentration of either Co or Ni treatment In general, the contents of
different elements were significantly influenced by concentration of either Co or
Ni. This may be related to higher Co or Ni in mycorrhizal roots sufficient to
protect the shoots from element accumulation. Effects of nickel treatment on the
contents of different elements were most distinct when used with mycorrhizal
inoculation; mycorrhiza treatments with 5 ppm from Ni gave values of N, P, K,
Fe, Mn, Cu and Zn contents in shoots of com plants equivalent to 4,11, 14.29,
80.30, 2.28, 9.20, 9.53 and 18.41%, respectively more than given by the same
level from cobalt treatment. This may be due to increasing Co content in the soil,;
hyphae may act partly as a barrier for uptake of different elements and may have
reduced the transport of different elements into the plant (Denny & ridge, 1995).
Except for nitrogen, the contents of different elements in roots were usuaily
higher than in shoots. On the other hand, the interaction between Co and Ni, at
the low levels, were not significantly effective on contents of different elements
in shoots and roots of corn plants. With high levels (50ppm) from Co
accompanied with Ni, contents of different elements in shoots and roots of corn
plants were sharply decreased.

As a conclusion, mycorrhiza transported large amounts from Co and Ni to
the corn plants when these elements were used individually; such transport was
negligible when Co and Ni were present together. In fact mycorrhizal infection
enables most of Co and Ni to be retained by roots, allowing less heavy metal
translocation to leaves. The filtering property of mycorrhiza may contribute to
the efforts introduced to overcome hazards of high levels of heavy metals in soils
which are a direct linkage with the food chain. These results may be of
ecological significance, in particular because of natural presence of these
together in soil.
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