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HE AIM OF this work is to assess and evaluate the effect of

certain amendments, /e, ground cotton stalks, rock phosphate,
K;EDTA and citric acid applied to contaminated soils at Qalubiya
Governorate; namely Musturud, clay, Vertic Torrifluvents and Elgabal-
Elasfar, sandy loam, Torriorthent; in soil columns experiment on the
availability and mobility of Cu and Co and their transformation among
the different soil fractions. All applied amendments altered concentra-
tions of Cu and Co forms in the studied soils. Application of ground
cotton stalks or rock phosphate amendment to metal-contaminated
soils redistributed Cu and Co from potentially availabic form to the
more complex one; thus reducing Cu and Co solubility and bicavaila-
bility. On the other hand, K,EDTA and/or ¢itric acid solubilized Cu
and Co from relatively insoluble form indicating that these amendments
have the ability to mobilize certain amounts of Cu from the upper to
the lower layers of such contaminated soils. In both studied scils,
ground cotton stalks were the best amendment in decreasing the
DTPA-extractable Cu by about 57.4 and 55.1%, compared to control in
Musturud and Elgabal-Elasfar soils, respectively. Cobalt extractability
was effectively lowered by addition of citric acid treatment; values
being 64.7and 50.8%, compared to control in Musturud and Elgabal-
Elasfar soils, respectively.

Copper concentration was in the normal range for shoots of broad
bean grown on Musturud soil, whereas that for Elgabal-Elasfar soil
was higher than the normal range, except for ground cotton stalks and
rock phosphate treatments. Cobalt concentration in plant shoots was
excessive either for treated or untreated soils.

Keywords: Remediation, Contaminated soils, Copper, Cobalt, Fractions.

Concentrations of heavy metals in different plant parts are highly related to soil
contamination. The prolonged period of irrigation with sewage water has
markedly accumulated certain heavy metals in faba bean and citrus grown on Abu
Rawash area (Khalil, 1990), bean plants grown on contaminated soils in Helwan,
{Badawy and Helal, 1997) and com and citrus grown on Elgabal-Elasfar farm
{Mosalem, 1997). However, Elsokkary and Sharaf (1996) obtained similar
findings for faba bean, clover and tomato grown on alluvial soil, Abo-Hommuos
area, Alexandria, irrigated with a mixture of agricultural drainage, domestic and
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industrial effluents. Recently, El-Motaium and Badawy (2000) found that heavy
metals were concentrated mainly in the roots of cabbage plants and orange trees,
which were irrigated for 80 years with sewage water in Elgabal-Elasfar soil. In
cabbage plants, heavy metals content is arranged in the following order: roots>
leaves> stems, whereas for orange trees the order is as follows: roots> leaves>
fruit peel> fruit pulp.

Several authors have recently discussed methods for remediating metal-
contaminated soils, For soils not heavily polluted with trace metals, the advisable
methods to prevent plant tissue contamination are based on two processes-
immobilization of mobile fractions of metals and leaching of easily soluble
fractions. Treating soil with phosphate either in rock phosphate form or other P
forms seemed to reduce heavy metals solubility and transformation in soil. Ma et al.
(1995) showed that rock phosphate effectively immobilized Pb from aqueous
solutions, with Pb immobilization ranging from 39 to 100 %. Chen ef al. (1997)
studied the sorption and desorption of dissolved Pb, Cd and Zn from aqueous
solutions and contaminated soils by mineral apatite. Sorption resulis showed that
apatite was very effective in retaining Pb and was moderately effective in
attenuating Cd and Zn. On the other hand, the chelating agent EDTA is one of the
strongest synthetic chelating agents and forms much stronger complexes with
most metals than naturally occurring organic ligands. Li and Shuman (1997)
leached Zn, Pb and Cd from pelluted soils by H;O, EDTA, and CaCl, solution
and found that a large portion of these metals was leached, particularly Pb with
EDTA solution.

The objective of this study is to improve contaminated soils by applying
certain amendments to assess their effects on the bioavailability of Cu and Co.
Mobility of the concerned metals was also evaluated.

Material and Methods

Soil columns experiment was carried out under greenhouse conditions using
contaminated soil samples irrigated with wastewater for long period. Soil samples
were collected from Musturud, clay, Vertic Torrifluvents, irrigated with industrial
wastewater and Elgabal-Elasfar, sandy loam, Tommiorthent, irrigated with sewage
water, Qalubiya Governorate at a depth of 0-20 cm as the most contaminated
layer in soil profile. Some characteristics of the selected soils are shown in Table
la.

Application of soil amendments

Soil samples were air-dried and ground separately and thereatter were packed
in PVC columns (60-cm long and 20 c¢m mmternal diameter). The column was
vibrated during packing and the soil was packed to a height of 55 cm afterwards;
moisture content was brought to field capacity using tap water. Each treatment
was replicated three times. Five treatments with the characteristics shown in
Table 1b were applied.

1- Control (soil- without amendments).

Egypt. J. Soil Sci. 44, No. 1 (2004)
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2- Ground cotton stalks (40 g. kg™’ soil).

3- Rock phosphate at a rate of 30 g. kg 'soil,

4- K;EDTA (di potassium ethylene di amine tetra acetic acid) at a rate of 1 g.
kg soil and the pH of the solution was adjusted to 7.0 using HCl 1:3 (acid:
water).

5- Citric acid at a rate of 0.98 g. kg™’ soil. The amounts of citric acid were
dissolved in irrigation water giving a solution of pH 6.5.

TABLE 1a. Some physical and chemical characteristics of the selected soils.

Particle size caco. | oM To::letl'l:lavy
e s |o. :
A rea distribution, % | yeyture pH | ECe o ke
class (1:2.5) | dS.m™
% Cu Co

Clay | Sit | Sand

Musturud® [59.7 [26.2 li4.1 Clay 321 1.12 7.84 251 |80.11 21.61
Elgabal- Sandy
33.2 [258 |41.1 0.75 4.92 7.28 0.69 {15337 | 39.08
Elasfar Loam
# Musturud soil is irrigated from Musturud drain, while Elgabat-Elasfar soil is imrigated from
Elgabal - Elasfar drain.

TABLE 1b. Concentration of some nutrients in different materials used as soil

amendments.
Treatment N P K Fe Zn Cu Co Ni Ph
% mg. kg
Ground 116 | a3l 186 | 2146 | 17.26 | 2439 | 002 | 008 | 003

cotton stalks

Rock 001 | 112 i76 14275} 5843 | 118 | 009 | 012 | 023
phosphate

K.EDTA{ 974 - 003 | 2861 | 084 | 1832 002 | 008 | 005
Citric acid - - - 223 | 042 | 067 | 002 | 606 | 003

Ground cotton stalks treatment was applied throngh mixing with soii in the
column; 45 days later, rock phosphate treatment was mixed with other soil
columns. Moisture content of treated soil columns was kept at field capacity.

Egypt. J. Soil Sci. 44, No. 1 (2004}
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Then 45 days later (90 days from the first treatment application), K,EDTA and/or
citric acid treatments were added to soil in the columns through irrigation water.

The columns were cultivated with broad bean, (Vicia faba L., cv Giza 461).
Three seeds of broad bean were planted and soil moisture was maintained at field
capacity. After germination, seedlings were thinned to one plant per column.

Soil samples were collected after 80 days from planting at depths of 0 to 15,
15 to 30 and 30 to 55 cm. The collected samples were air dried, crushed, sieved
through a 2-mm sieve and stored for copper and cobalt determinaiion.

Plant samples (shoots and roots) were collected at the same time of soil
sampling. The plant samples were washed with tap water and 10* M HCI, then
oven dried at 65°C for 48 hr. Plant materials were ground, mixed well and kept
for copper and cobalt determination.

Sequential extraction

The method of sequential extraction used in this study was outlined by Tessier
et al. (1979). Copper and cobalt were partitioned into five operationally defined
fractions; exchangeable, bound to carbonates, reducible (bound to Fe-Mn oxides),
oxidizable {bound to organic matter and/or sulphides) and residual. Each of these
chemical fractions is operationally defined as follow:

Exchangeable (EXC): Soil (1g dry wi.) was extracted with 8ml 1.0 M MgCl,
(pH 7) in teflon centrifuge tubes for 1 hr at 25°C with continuous agitation.

Carbonate (CAB): Residue from exchangeable fraction was extracted with 8 ml
of pH 5, 1.0 M sodium acetate for 5 hr at 25°C with continuous agitation.

Reducible (OXD): Residue from carbonate fraction was extracted with 20 ml of
0.04 M hydroxylamine hydrochloride (NH,OH.HCI) in 25 % acetic acid (v/v) for 5
hr at 96°C with occasional agitation.

Oxidizable (ORG): Residue from reducible fraction was extracted with 2 ml
of 0.02 M HNOQO; and Sml of 30% H,0; adjusted to pH 2 with conc. HNO;. The
mixture was heated to 85°C for 2 hr with occasional agitation. Second 3-m! of 30%
H,0,; (pH 2 with conc. HNOs) were then added and the sample was heated again
to 85°C for 3 hr with intermittent agitation. After cooling, 5 ml of 3.2 M NH,OAc
in 20 % (v/v) HNO; were added and the sample was diluted to 20 m] and agitated
continuously for 30 min.

Residual (RES): Residue from the organic fraction was heated on a hot plate
with 2 ml of cone. HC1O, and 10 ml of conc. HF until almost dry; subsequently a
second addition of HC10, (1ml) and HF (10 ml) were made and again the mixture
was evaporated 1o near dryness. Finally, Iml of HClIO, was added and the sample
was evaporated until the appearance of white fumes. The residue was dissolved in
10 ml 12 M HCI and diluted to 25 ml.

Egypt. J. Soil Sci. 44, No. 1 (2004)
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Following cach extraction or wash, mixtures were centrifuged at 12000
gravity for 30 min. prior to the start of the next extraction step, the residues were
shaken with 8 ml water for 30 min., centrifuged and the wash solutions were
discarded.

Total Cu and Co were determined after digestion with hydrofluoric/ perchloric
acids mixture (Jackson, 1958). Chemically available forms of elements were
evaluated by extracting the soil with DTPA according to Lindsay and Norvell
(1978).

Copper and Co were determined in the wet acid digest of 2g of plant materials
according to Chapman and Pratt (1961).

Heavy metals content of DTPA extract as well as digestion solutions of soil
and plant samples were analyzed using Atomic Absorption Spectroscopy.

Results and Discussion

Copper and cobalt distribution in soil fractions

The behavior of heavy metals in soils depends not only on the level of
contamination as expressed by the total content, but also on the form of the metal.
Sequential extraction techniques which provide a useful tool to understand the
chemisiry of metals in soils. As described above, the partitioning of the metals in
the studied soils is based on the sequential extraction procedure of Tessier ef al
(1979) that evaluates the distribution of metals among the exchangeable,
carbonate, oxide, organic and/ or sulphide and residual fractions or forms. Firsily,
a high significant correlation coefficient value was obtained between the
determined total metal in seil and sum of the different extracted fractions yielding
0.969 and 0.947, for Cu and Co, respectively. Therefore, the employed procedure
succeeded in recovering amounts almost closed to the total contents of the
different elements.

In untreated Musturud soil, Cu was mainly present in the RES and ORG-Cu
fractions, while the lowest values were for EXC form, with the order being:
RES> ORG> OXD= CAB> EXC, (Table 2). On average, the metal part existing
in the RES, ORG, OXD, CAB and EXC fractions were represented by 47.6, 24.0,
11.1, 11.2 and 6.1 % of the sum of Cu fractions, respectively (Fig.1}. It is weli
known that s0i] organic matter form very stable complexes with Cu compared to
any other divalent transition metal as reported by Stevenson & Ardakani {1972)
and McBride (1994). Dowdy et al. (1991) who reported that copper may either
enter the exchange complex or be chelated by the organic matter. However, Co
was mainly found in the RES form foliowed by OXD, while the lowest values
were for EXC-Co. Mclaren et al. (1986) showed that soluble cobalt was clearly
sorbed on the iron oxides present in soil. Grana et al. {1991) reported that cobalt
bound to both iron and manganese oxides accounted for most of the total cobalt,

Fgypt. J. Seil Sci. 44, No. | (2004)
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Fig. 1. Diagram showing the percentages of different forms of Cu and Co extracted
by sequential extraction from Mustured soil.

Concemning Cu distribution in soil fractions due to application of different
amendments through successive sections of Musturud soil, columns analysis data
presented in Table 2 show that application of ground cotton stalks chelated
certain amounts of Cu from EXC, CAB and OXD fractions. Thus, ground cotton
stalks decreased EXC, CAB, and OXD-Cu fractions, while increased ORG-Cu in
Musturud soil, which reached 44.5 % above the control; but RES-Cu apparently
was not affected. Also, application of ground cotton stalks to Musturud soil
decreased EXC, CAB and OXD-Co by 41, 32 and 76 % less than the control
treatment, respectively. In contrast, ORG-Co increased with application of ground
cotton stalks recording 3.4 fold that of the control treatment, while RES-Co
seemed to be not affected.

Application of rock phosphate to the tested soil led to decrease EXC and
CAB-Cu. Decreases represented 24 and 14% compared to the control,
respectively. On the other hand, OXD-Cu was markedlyincreased with the
application of rock phosphate reaching 23 % above the control, while ORG and
RES-Cu fractions were not affected. However, application of rock phosphate
decreased EXC, OXD and ORG-Co but increased CAB-Co and caused no change
in RES-Co form.

Egypt. J. Soil Sci. 44, No. | (2004)
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TABLE 2. Effect of different amendments on Cu and Co fractions in Musturud soil.

Cu fractions Co fractions
. Depth,
Treatment em
EXC! CAB OXD ORG RES Sum EXC CAB  OXD ORG RES Sum
mg kg’
0-15 3.96 7.21 8.20 19.20 36.22 74.79 0.28 1.16 328 118 1252 1842
15-30 4,78 8.59 813 17.22 36,52 75.24 0.29 1.23 3.50 1.21 12.52 18.75
Control 30-60 4.95 9.35 8.76 17.81 3471 75.58 0.31 1.24 3.66 125 12.53 18.99
4 0-15 2.21 5.94 5.2 25.14 36.10 74.51 012 0.87 1.09 4.04 12.41 18.53
?or::::: 15-30 266 4.63 506 2581 3613 7429 019 083 075 182 1250 1809
stalks 30-60 2.83 318 4,32 2133 36,23 73.80 0.2% 0.75 0.63 4.34 1250 1843
Rock 0-15 316 7.43 10.21 18,00 16,13 74.93 0.25 1.25 2.88 1.06 1242 1786
(1]

hosphate 15-30 1.47 7.75 10.42 17.60 36.20 75.44 0.25 1.34 315 1.08 12,51 18.32
30-60 3.73 6.44 10.33 17.62 3641 74,53 G.22 138 3.12 1.13 1262 18.47
0-15 1.88 4.35 6.05 25.01 36.20 73.49 0.16 0.38 1.69 2.98 1253 1774
KLEDTA $5-30 261 5.27 526 25.83 36.51 75.48 0.18 0.6% 2.28 272 12.54 18,37
10-60 287 19 3.57 28.61 35.78 74.75 0.25 0.73 2.32 2.55 12.51 18.36
0-15 1.30 219 6.97 28.03 36,00 74.49 0.05 0.46 2.50 2.92 1252 18.45
Citric acid 15.30 3.63 2.76 3.42 2824 36.11 74.16 0.11 0.83 2.60 2.69 12.53 18.76
30-60 4.06 2.16 .65 30.32 36.32 76.51 0.17 1.15 2.77 1.85 12.51 18.45

¥ EXC. CAB, OXD. ORG and RES mean exchangeable, carbonate, reducible bound, organically bound and residual fractions,

SNLVLS STV1AW AAVAH NIVLEED A0 NOLLVIAQI WY

19



62 M. A, O. ELSHARAWY AND M. M. ELBCRDINY

Values of EXC, CAB and OXD-Cu were clearly reduced by increasing the
solubilized amounts of certain Cu fractions as a result to K,EDTA treatment.
ORG-Cu was markedly increased with the application of K,EDTA to the studied
soil, while, RES-Cu was not affected. Christensen (1984) reported that organic
ligands such as EDTA were effective in desorbing trace elements from adsorbed
surfaces. He added that the metals were immobilized by organic ligands in the
order: Cu > Zn > Pb and the immobilization effect depends on soil reaction and
the kind of mineral components present in soils.

Similarly, citric acid also decreased EXC, CAB and OXD-Cu in Musturud
soil, such decreases recorded 34, 72 and 44 % less than the control, respectively.
Whereas, ORG-Cu increased by about 60 % over the control, but citric acid
addition did not alter RES-Cu fraction. ORG-Co showed similar trend to those of
Cu recording 127 or 106 % increase above the control treatment with K;EDTA or
citric acid additions for Musturud soil, respectively. While marked decreases in
the EXC, CAB and OXD-Co were obtained and RES-Co did not show change.
The lowest EXC-Cn and Co amounts were found in the upper layer (0-15 cm) of
soil column treated with K.EDTA or cifric acid. This could be due to the
increasing downward mobility of such metal-fraction.

Data of Cu and Co occurred in different fractions of Elgabal-Elasfar soil are
presented in Table 3 and illustrated in Fig. 2. Copper in the light texture soil of
Elgabal-Elasfar, irrigated for long time with sewage water, was mainly associated
with the organic matter making ORG-Cu the dominant among metals fractions.
Whereas, Co- fractions showed similar trend to that obtained for Musturud soil,
Effect of so0il texture and organic matter on the status of Cu was also reported by
Shuman (1979) who obtained similar trend.

As have been found in Musturud soil, the applied treatments decreased amounts
of EXC-Cu compared to control, whereas citric acid gave the lowest EXC-Cu
values. The CAR-Cu fraction markedly decreased with all treatments, except for
rock phosphate that did not alter CAB-Cu. Similar to that found for Musturud soil,
except for rock phosphate, all the applied treatments markedly decreased the OXD-
Cu values compared to control. Also, an obvious trend was observed for ORG-Cu
values that ground cotton stalks, K,EDTA and citric acid treatments increased Cu
values, while rock phosphate resulted in an opposite effect.

The applied treatments decreased amounts of EXC-Co. The CAB-Co fraction
increased only with rock phosphate application to soil recording 14% over the control
treatment, Meanwhile, such Co fraction values were markedly decreased with the
application of other treatments. Similar to that found for Musturud soil, all the
applied treatments decreased the OXD-Co values compared to control one. It is
interesting to note that, an obvious trend was observed for ORG-Co values as
ground cotton stalks, K:EDTA or citric acid treatments increased Co values, but
rock phosphate decreased these values.

Egypt, J. Soil Sci. 44, No. 1 (2004)
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TABLE 3, Effect of different amendments on Cu and Co fractions in Elgabal-Elasfar soil.

Cu fractions Co fractions
Treatment Depth, cm
EXC* CAR OXD  ORG  RES Sum EXC CAB oxp ORG  RES  Sum
myg kg

0-15 11.10 1% 42 1332 6743 3910 14937 0.91 6.57 3.22 1100 1911 3481

15-30 11.42 2080 1391 6282 39.51 14846 0.96 0.62 3.25 1151 1920 3554
Conursi 30-60 11.93 20,10 1260 6310 3951 14824 1.02 0.58 3.58 111 1923 3552

0-15 561 12.11 1030 8030 3902 147.44 0.51 0.41 1.47 1322 1920 343!
?;3;‘:" 15-30 5.8% 12.45 10,60 8031 39.43 14847 051 0.46 1.52 1320 1891 3460
stalks 30-60 6.40 1278 1002 8060 39.61 14951 0.74 0.51 1.61 1321 1942 3549

0-15 .22 15.01 1373 6710 3810 14816 0.89 0.64 219 1063 19.94 3439
E,?;L‘pm 1530 %08 19.02 1521 5932 3940 14173 0.95 0.1 2.50 1084 1021 3430

3060 954 21.90 1480 6244 4032 149,00 0,59 0.67 2.62 1091 3940 34109

0-15 714 9.32 1011 8521 3922 151.00 ©.25 0.32 0.38 1382 1882 3359
KEDTA 15-30 761 9.69 1232 8220 3931 15113 0.37 0.46 0.80 1462 1891 3516

30-60 9.2 9.75 1132 8031 3954 150.14 .51 0.49 115 1793 190 35.18

0-15 2.58 6144 1221 $922 3924 14939 0.03 0.14 124 1350 1932 34.23
Caric acid 15-30 2.63 6751 1170 2324 3940 148.72 0.08 0.30 1.30 13.60 1961  34.8¢

30-60 558 14.22 1240 7502 39.52 15114 0.11 0.35 1.84 1321 1971 3822

* EXC. CAB, OXD, ORG and RES mean exclimgeable, carbonate, reducible bound, organically bound and residual fractions.
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Fig. 2. Diagram showing the percentages of different forms of Cu and Co extracted
by sequential extraction from Elgabal-Elasfar seil.
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Concerning chemically available Cu and Co in the studied soils as affected by
application of different amendments, Table 4 and Fig. 3 show that chemically
available Cu extracted from the upper section (0-15 c¢cm) of the treated Musturud
soil with ground cotton stalks was markedly decreased by about 57.4 % compared
with control treatment. Chemically available form of Cu was affected due to rock
phosphate addition. On average, the extracted amounts of Cu in the soil treated with
rock phosphate were lower than that of control but higher than that of ground cotton
stalks treatment. Gary et a/{1994) declared that the addition of phosphate could
cause precipitation of the corresponding trace element containing solid phase which
could be reflected on the bioavailability of the element. Application of KuEDTA
decreased amount of chemically available Cu in Musturud soil column compared to
control treatment and this could be due to increasing Cu movement through soil
column as a result to its complexation with the organic ligand. However,
application of citric acid decreased amounts of chemically available Cu in the upper
section {0-15 cm) by about 60 % less than the control. Decreasing DTPA-
extractable Cu in soil column was accompanied by the downward movement of Cu
as a result of increasing Cu solubility due to addition of K,EDTA or citric acid. The
chelating agent EDTA is one of the strongest synthetic chelating agents and forms
much stronger complexs with most heavy metals than naturally occurring organic
ligands, (Norvell, 1991). However, Wasay ef al. (1998) reported that salts of citrate
effectively removed Cu, Zn and Cd from contaminated soil as effectively as DTPA
and EDTA. DTPA-extractable Co resulted from the ground cotton stalks treated
so1l was decreased compared with control treatment, This agrees with the findings
of Bloomfield (1981) who noticed that soils rich in organic matter have low Co
availability. Chemically available Co was decreased with rock phosphate addition.
Application of K;EIDTA or citric acid decreased amount of chemically available Co
in Musturud soil column due to increasing movement of EXC-Co from upper layer
to the lower one.

Egypt. J. Soil Sci. 44, No. 1 (2004)
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TABLE 4. Values of DTPA-extractable Cu and Co of the siudied soils as affected by different amendments.

Musturud soil

Elgabal-Elasfar soil

Treatment Depth, cm Cu Co Cu Co
mg kg'

0-15 6.98 0.34 15.90 1.28

Contsol 15-30 7.16 0.35 16.33 1.37
30-60 7.3 0.38 16.61 1.63

0-15 2.97 0.12 7.14 0.63
Ground cotton stalks 15-30 2.80 0.16 0.53 0.72
30-60 3.04 0.20 976 0.77
0-15 420 0.24 8.92 .09
Rock phosphate 15430 475 0.25 11.10 1.04
30-60 512 0.28 132 1.36
0-15 2.77 0.15 8.38 0.74
K;EDTA 15-30 2.95 0.21 10.72 0.78
30-60 3.43 0.38 12.31 085
0-15 3.66 0.08 5.59 0.24
Citric acid 13-30 4.69 012 12.21 0.35
30-60 5.83 Q.15 14.20 0.63
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Fig. 3. Values of DTPA-extractable Cu and Co in the upper section (0-15 cm) of the
studied soils as affected by different amendments,

Values of chemically available Cu extracted from Elgabal-Elasfar soil generally
decreased with application of the different treatments with the highest amounts for
ground cotton stalks and lowest oune for K,;EDTA. The obtained results agree with
those found by Allison (1973} who declared that the organic maiter in coarse
texture soils will also tend to reduce losses of added copper salts by leaching.

Also, values of chemically available Co extracted from the upper section (0-
15 cm) of Elgabal -Elasfar soil, were generally decreased with application of
ground cotton stalks, rock phosphate, K:EDTA or citric acid amendments and
recorded 51, 19, 42 or 81 % less than the control, respectively.

From the above-discussed results, it is clear that ground cotton stalks
treatment resulted in obtaining the lowest chemically available Cu values in both
soils. Thus, this treatment could be considered the best one. Meanwhile, citric
acid treatment moved more Co from the soil colummn, which was reflected on reduction
of the DTP A-extractable Co, particularly from the upper section.

Dry weight and Cu and Co content of broad bean
Dry weight and concentrations of Cu and Co in broad bean plant as affected

by different amendments applied to the contaminated soils are shown in Table 5.

Egypt [ Soil Sei. 44, No. 1 (2004)
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TABLE 5. Dry weight (g/ column) and Cu and Co concentrations (mg. kg™') of broad bean plants cultivated in Musturud and
Elgabal- Elasfar soils as affected by different amendments.

SNLVLS STVIIN AAVHIH NIVLEED 4O NOLLVIAZAWId

{7 C
Dry weight of whole plant, h Co
Treatment s col
g/ cotumn Shoots | Roots Shoots | Roots
Concentration, mg.kg™*
Musturud soil
I Conrol 22.96 19.59 22.73 2.49 3.24
.64 X X . .
Ground cotton stalks 316 9.61 16.23 1.35 1.68
Rock phosphate 25.11 17.53 18.36 §.55 1.54
K-EDTA 23,16 13.22 16.42 1.39 241
Citric acid 27.29 18.56 22.29 1.62 2.84
L.SD. 1y 2.08 214 2.39 0.75 0.55
Elgabal-Elasfur soil
Contro! 29.75 2414 16.66 4.16 7.09
Ground coton stalks 36.88 10.99 i8.79 1.97 2.50
Rock phospliale 3171 16.05 23.37 310 4.52
K-.EDTA 31.81 20.25 2107 213 4.22
Citric acid 35,42 22,26 26,73 3.80 4.52
L.SD . os | 2.12 0.91 0.93 0.11 0.35
Normal range, mg kg 5-20 0.05-¢.5"

According 1o * Jones (1967) ** Kapata-Pendias and Pendias (1992)
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Data illustrate that application of different amendments increased dry weight
of broad bean plants prior to flowering compared to control. The highest increase
resulted from ground cotton stalks treatment, which recorded 47 and 24% over
the control for Musturud and Elgabal-Elasfar soils, respectively. The increases
in plant dry weight due to ground cotton stalks application probably resulted from
increasing macro and micro-nuirients availability needed for plant growth through
organic matter decomposition as well as its positive effect on physical properties of
the cultivated soils. Similar findings were also obtained by Barsoom ef al. (1991).
Also, the favorable effect of citric acid may be related to reducing soil pH,
consequently increasing solubility and availability of some nutrients via plant
roots absorption. The application of rock phosphate in both soils increased dry
matter yield of broad bean plants by about 9 and 13 % over the control in
Musturud and Elgabal-Elasfar soils, respectively and this may be due to
increasing amounts of soluble phosphorus, particularly in Elgabal-Elasfar soil
enriched with organic matter.

In general, Cu and Co concentrations in broad bean shoots and roots reflect
the amounts of the chemically available metals present in the cultivated soils,
which in turn are highly affected by both the sources of contamination and kind
of amendment applied to those soils. However, the applied amendments tended to
reduce concentration of Cu and Co in shoots and roots of broad bean plant
compared to control treatment. Data show also that concentrations of Cu and Co
in shoots of broad bean plant were markedly lower compared with those in roots.
Several authors have shown that heavy metals tend to accumulate in roots of
plants, among them Zhang & Wang (1991) and Wang ef al. (1997).

Values of copper in bean plants were markedly decreased with application of
different amendments particularly, with ground cotton stalks, which reached in
shoots of plants to 51 or 54% from the control in Musturud or Elgabal-Elasfar
soil, respectively. This may be due to the role of organic matter in reducing
amount of Cu from soil solution. Allison (1973) declared that the organic matter
can adsorb copper and thus eliminate any possible toxic effects of excess amounts
added in fertilizers or in pesticides. On the other hand, organic matter can
completely fix copper that the available supply is reduced below the needs of the
crop. Application of rock phosphate decreased concentration of Cu in broad bean
plant and this may be due to increasing pH of the soil which in tum decreased the
mobility and solubility of copper in soils and increases copper adsorption on the
surface of soi1l colloids as well as on the surfaces of CaCQj; as has been reported
by Das (2000). Tyler (1976) observed that application of phosphate precipitated
Cu as its phosphates, beside the Cu-P antagonisms effect that occur in root media
as phosphates have a strong tendency to adsorb Cu. Kabata-Pendias and Pendias
(1992) reported that interaction between Cu and Ca are highly complex and
apparently are cross-linked with the range of pH in the growth media.

Cobalt concentration was highly affected by ground cotton stalks or KoEDTA
addition to the studied soils as the decreases in the contents of cobalt in shoot of
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broad bean were 46 or 44% relative to the control for Musturud soil while were
33 or 49 % for Elgabal-Elasfar soil, respectively.

The beneficial effect of the applied amendments on reducing Cu and Co content
in broad bean plants lead to compare the obtained data with the potentially toxic
levels of heavy metals in plants according to Jones (1967) and Kabata-Pendias and
Pendias {1992). Copper concentration was in the normal range for shoots of broad
bean grown on Musturud soil, whereas that for Elgabal-Elasfar soil was excessive
in the control, with K,EDTA and citric acid treatments. Conceming Co
concentration in plant shoots, it seems to be higher than that of the normal range
either for treated or not treated soils of Musturud and Elgabal-Elasfar.

From the above discussion, it is clear that the concentration of Cu and Co in
broad bean plants not only depended on amount of these metals in the
contaminated soils but also on the chemically available heavy metals, distribution
of forms and soil properties, which were affected by different amendments.
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