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ABSTRACT
" A pot experiment was conducted using refined sand. Three tested
plants were used, i.e. French beans (Vigna unguiculata), sesame
(Sesamum indicum) and sorghum (Sorghum vulgare var saccharatum).
Plants were collected at 30 and 60 days and prepared to analysis.

Dry matter yield (DMY) and Tolerance index (TI) of the tested
plants (shoots and roots) under different applied treatments, at second
growth period were higher than at the first growth period. The low levels
of added Cd and Ni (5, 10 and 12.5, 25 mg/kg, respectively) have a
positive effect on growth of french beans and sesame. The highest rates of
added Cd and Ni (20 and 50mg/kg, respectively) caused inhibition of
plant growth, especially sorghum plants.

The contents of Cd, Ni and Co (mg/kg) and its uptake (mg/pot) by
the tested plants at second growth period were higher than of the first one.
Moreover, accumulation in roots was high compared with shoots. French
bean plants more affected to Cd accumulation compared with other
plants. Sorghum plants showed pronounced sensitive to Ni treatment. The
values of the bioconcentration ratio (BCR) decreased with increasing of
added Cd, Ni & Co. Values of BCR in roots were higher than in shoots.

The ability of the tested plants to accumulate Co canbe follow
this order: sesame > french beans > sorghum. At the two growth periods,
the value of shoots BCR for french beans and sorghum plants were higher
than the BCR of roots. Except french beans plants (shoots and roots), the
values of BCR at the second growth period were higher than at first
growth period. In general, the BCR values decreased with increasing Co
addation. _ :

Keywords: Accumulate, contamination, Edible Plants, Heavy metals,
. Pollution, Tolerance

INTRODUCTION

Total content o f Cd in the soils was high significant c orrelation
with Cd content in the edible portions of cabbage, carrot, lettuce and
radish which grown in 50 different soils polluted from various sources
(Holmgren et al., 1993 and Alloway, 1995). In addition, Aboulroos et al.

« (1996) found a high correlation between the concentrations of Ni, Pb, Zn,
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Cd and Co in com leaves and their contents in the soil. Cirtain plants can
concentrate biogenic and non- biogenic heavy m etals in their roots and
shoots to levels for exceeding those present in the soil. Alloway (1995)
showed that lettuce, spinach, celery and cabbage tended to accumulate
relatively high ¢ oncentrations o f Cd, while potato tubers, maize, french
beans and peas accumulated only small amounts of Cd. Also, he gave the
following decreasing order of sensitivity to Cd toxicity, based on the
element concentration in the soil causing a 25% decrease in yield: spinach
> soybean > curly cress > lettuce > maize > carrot > turnip > field bean >
wheat > radish > tomate > squash > cabbage > Swiss chard > upland rice.

Therefore, the aim of this study is to identify the bioconcentration
of tested heavy metals (Cd, Ni and Co) by french beans (Vigna
unguiculata), Sesame (Sesamum indicum) and Sorghum (Sorghum
vulgare var saccharatum) under greenhouse conditions.

MATERIALS AND METHODS

The used pure sand was taken from Quweisna region, Minufiy
 Governorate and sieved through a 2 mm sieve, washed by tap water,
treated by dillute HCI (6%) and H;0; (30%) to témove the carbonate and
oxidize the organic matier, respectively. The treated sand was washed

several times with tap water followed by distilled water until free from CI’
“ions. The refined sand was air-dried.

Three heavy metals (Cd, Ni and Co) on the form of acetate at four
application levels were added to the washed sand before planting. These
levels are: (1) Cadmium (Cd): 0, 5, 10 and 20 mg Cd/kg. (2) Nickel (Ni):
0, 12.5, 25 and 50 mg Ni’kg. (3) Cobalt (Co): 0,0.5,1.0and2.0mg
Co/kg. The pots were filled with 3 Kg refined sand and irrigated every
two days using the complete nutvient solution {dgarwala and Chatterjee,
1996) to obtain the moisture content at 60% of water holding capacity.
Completely block randomized design was used in this experiment. The
pots were classified into three main groups. Each pot of the first main
group was cuitivated by 1.12g (8 seeds) of french beans (Vigna
unguiculata) of family Leguminosae, the second was planted by 0.05g of
- Sesame (Sesamum indicum) of family Pedoliaceae and the third was
cultivated by 0.3g of Sorghum (Sorghum vulgare var saccharatum) of
family Gramineaefor each pot. In 17 May 2003, the cultivated pots were
irrigated using complete nutrient solution (Agarwala and Chatterjee,
1996) at 60 % of water holding capacity. This experiment was carried out
in 8 replicates. After 8 days of planting, the plants were thinned to 4, 6
and 4 plants for the first, second and third group, respectively. Each main
group was divided to 3 subgroups. These 3 subgroups were treated with
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heavy metals at four concentrations before planting. Four replicates of
each treatmient were taken afier 30 days from planting and the others
were taken a fier 6 0 d ays from p lanting. W hole plants were taken. The
harvested plants (for two periods of grewth) were washed three times by
tap water and two times by distilied water. The samples were divided
into shoots and roots, except sesame taken as whole plants. The plant
samples (shoots and roots) were oven-dried at 70 °C for 48 hours until
the weight become constant. The plant samples were digested by wet
ashing according to Chapman and Pratt (1961). The contents of the
tested heavy metals were measured using Perkin Elmer atomic
absorption, Spectrophotometer model 2830. The tested parameters were
assessing as follow:

(1) Tolerance index (TT) = Dry matter yield of treated plants / dry matter
yield of untreated plants, (Abdel-Sabour et aL, 1996).

{2)The bioconcentration ratio (BCR) = Element in plant (pg/g dry
weight) / Element in soil as available. (ug/g soil), Blum (1997). The
obtained data were analyzed statistically according to Gomez and Gomez
(1984).

RESULTS AND DISCUSSION
Cadmium (Cd)}

Data in Table (1) show that, the obtained dry matter yield (DMY)
of the tested plants (g/pot) varied widely from plant to another. The DMY
for the tested p lants (french b eans, sesame and sorghum) in the second
period of growth were higher than those found in the first period at
different concentrations of added Cd. This trend was found in shoots and
roots. The DMY of sorghum shoot (Table 1) was reduced at the high Cd
(20 mg/kg) rate compare with control, where it was decreased from 0.97
to 0.63 and from 1.73 to 1.32 g/pot at the first and second growth periods,
respectively. Similar trend was obtained by El-Shikha (2000} and El-
Kassas et al. (2002).

Generally, the highest biomass values of french beans (shoot and
roots) and sesame plants were found under low Cd addition (10 mg
Cd/kg). The lowest biomass values were found under high Cd addition (
20 mg Cd/kg) in the all tested plants and both growth periods. The trerd
of results was agreed with the obfained data of Salem (2002), who
reported that the DMY of kenaf plants (shoots and roots) were
progressively decreased with increasing Cd concentration up to 20 mg/kg
(Table 1).
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Table (1) Dry matter yield (DMY) , tolerance index (TI) and
bioconcentration ratm (BCR) of the tested plants as affected by
added Cd (mg kg 'sand) at two growth periods.

Plant d lﬁogﬁmg / pot
T Part D g DMY L2 DMY - D
ype - MY
/pot | g/pot Tl |BCR ot T1I | BER o/pot Tt BCR
Furst period
Fb |Shoots IO 25 (1051567 [ 15011271 303 (1211102 1.7
Roofs [ 0281 033 [ LI (12510331 1211 653 02710991 3173
Se | Whole 106071138 12281544 (14012321 407 10861427 2.16
Shoots [0.9710.76 {1 0.79] 3.05 [0.76 | 0.78 { 2.85 1063|0631 2.04
8 Rocts 0611043 (671182510361 0.60] 415 1036103917 2325
econd peri
Fb |Shoots |2.39 299 TI 2313201342143 (80 13241136 2.08 |
Roots ' TO3LOE0 10781705 1124 112171437 (OR710851 133
Se | whole 0791161 [2031865 J194124571 518 113471.70]  3.01
S Shoots [1.731 165 (0931 76511.631094] 1.39 {132]10.76 1 39
Roots (104 T 0B 10851695 10.75]10.72]3.74 {0.69]0.66
S.Dat0.03 Plant part Growth gerlod Added Cd{; gég kg—l)
French beans (Fb) : 0.0274 A 0.01 0.03
Sesame c) - 0.0123 0.0183
Sorghum {8) 0.0135 0.0716 0.0532

Tolerance index (TI) was used to evaluate the effect of added Cd
on growth of the tested plants. In most treatments (Table 1) the values of
Ti for DMY of the tested plants at the second growth period were hagher
than the first growth period. The highest values of TI were found for
sesame followed by french beans. Similar trend was obtained by EL-
Kassas et al. (2002). It is noticed from Table (1) that the valuesofTI
were decreased with increasing Cd concentration addition, where the high
levels of added Cd can influence on the tolerance of the tested plants .

The content of Cd {mg/kg dry matter) and its uptake (mg/pot) by
french beans, sesame and sorghum plants at two growth periods were
recorded in Table (2). The presented data showed that, the Cd content in
the sesame plants was increased in the second growth period. In general,
the content of Cd in roots was more than in the shoots at the two growth
pertods. These resulis were in agreement with those obtained by Eissa and
El-Kassas, {1999). In the most treatments under this study, the high
values of Cd uptake were found at the high concentration of added Cd (20
mg/kg) at the second growth period specially with french beans plants
followed by sorghum plants.

The bioconcentration ratio (BCR) was an adequate measure fo
compare the efficiency of different plant species for metal absorption,
translocation from roots to shoots. The high vatues of BCR were found
with french beans plants followed by sorghum plants Also. these values
in the for roots were higher than shoots for french beans and sorghum



X, Agric. Res. Tanta Univ., 32 (3) 2006 721

pleuls in most treatmenis under study. El—Sokkary and Sharaf (1996)
ebtaimod similar trends.

Tahle {2): Cadmium content (mgkg &ywelght) mduptske {mg/pot) by
teacdpiamsasaffectedbyaddedc (mg / pot) at two growih

periods. o
Plant . Adéedcommcimdm%%n(mgf ) &5
- ontpxg Uptake | Cont. [U: ke Cont, Uptake | Cont. | Uptake
Type| Part mgfpot |mg ke mﬁ mg kg | mg/pot {mp ke | mg/pot

Fp | Shoots | 175 0.0021 | 2833 {00354 | 3033 | 0.0456 | 34.00 | 0.0410
Roots | 1250 | 0.0034 | 62.68 | 0.0268 { 6533 | 0.0217 | 7458 ggg %g
{ 8¢ [ Whole | 1325 1 00080 | 27.43 | 0.0378 | 20.68 | 0.0571 | 43.18 | 0.0369
"Shoofs { 250 | 0.0024 | 2575 | 0.0193 | 28.50 { 0.0215 | 40.75 | 0.0255
Roots 3.00 | 00018 | 4125 | 00170 | 41.50 { 0.0152 | 46.50 | 0.0167
L ' Second periad -
Fb |ohoots [~ 1550 T 0.0370 T 1643 T0.0A0 | 1888 T 0.0645 T 41.50 | 01343
Roofs | 18.75 | 0.0193 | 3525 | 0.0282 | 43.70 | 0.0544 | 66.58 | 0.0581
Se | whole | 2875 | 0.0228 [ 43.25 | 0.0696 | 51.83 } 0.1007 | 60.25 | 0.0793
Shoots | 12.00 | 0.0208 | 13.25 | 00219 | 1393 | 0.0227 | 27.88 | 0.0367

S Roots 29.75 0.0281 3475 | 0.0309 ) 3738 ; 0.0310 { 52.83 0.0366
French beans | _T Sesame - (3¢) . Sorghum S)
Nickel (Ni)

The data in Table (3) show that, the effect of different
concentrations of added Ni on biomass of the tested plants have a wide
variations. T he obtained D MY o fthe tested p lants w ere 1ncreased with
increase the growth periods. This trend was found at all concentrations of
added Ni. According to the absolute values of dry matter yield of the
cultivated plants at different concentrations of added Ni, the tested plants
can be arranged as follows: french beans > sorghum > sesame. In the
most treatments under this study, the obtained DMY of shoots were
higher than roots at the same concentration of applied Ni.

The low concentrations of added Ni (12.5 and 25 mg/kg) resulted
in an increase of DMY (shoots and roots) of both french beans and
sesame at the first growth period. Also, these results indicate that the high
concentrations (50 mg/kg) resulted in a decrease of both french beans and
sesame plants compared with zero treatment. On the other hand, the low
concentrations o f N1 addition d ecreased the obtained DMY of sorghum
plants (shoots and roots) compared with control treatment. Also, from the
previous discussion it can be suggested that, the tested plants can be
arranged according to their sensitivity to pollution with Ni as follows:
sorghum > sesame > french beans. The highest values of TI were found
for french beans followed by sesame plants in the second growth period
(Table, 3).
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Table (3): Dry matter yreld (DMY), tolermmce index (TT) and
bioconcentration ratio(BCR) of the tested plants as affected by
added Ni _(mg/ pot) at two growth periods.

N:addiﬁna,%i gat .
. rqp JOMY
oot Lofoot |11 B_{:R i T m oty 11 | BCR
TShoots | 100 133 ] 12 | 544 (1AL 1A% L 25 [ 120 5 1.74
Fo ol | 028 (0281 101 343'” m;s.’*i"ﬂ-:'- T {445 | 0.24 a.%' 734
Se | Whole | 060 10761 1.26 | 0961 1.4 {244 Jo63 | 1084 T 128
Shoots | 0.97 | 090 | 093 4.52 086 1 D89 | 257 10991 082 | 149
S oofs | 06] [0S0 | 082 | 377 QA9 { B2 1,96 | 045 674 [ 10l
¥ |Shoots | 239 1336 150 1632 !3.?5“”: 157 1 551 [ 403 ] 169 | 334
: Roots | 103 | 1.09] 1.06 1992 { Ui1| 108 | 536 | 1171 114 { 279
1T S [ whole | D79 10804 1.01 (9791081 ] 1.8 | 677 [ 1041 132 | 3.71
g | Shoots | 173 [168] 097 889 1L 09% 566 | 1531 .88 | 3.39
_ Rools 104 1041 099 (12141 102 | 098 [ 664 | 1.0l | 0697 { 4.1
SDhat ant part GFE\&?B:;}zenod “Added Nt (mg kg-T)

French beans (Fb 00141 - 0.09 0.0223

Sesame : : - 00727 0.0133

Sorghum S) 0.0516 0.0516 0.0833

The Ni content (mg / Kg dry matter) in the tested plants (Table 4)
at second growth period was higher than the first growth one. This trend
was found with both shoots and roots for french beans and sorghum
plants. These results indicate that, the tested plants were more sensitive
for Ni applications in the earlier growth periods where the ability to Ni
absorption was lower. Also, Ni concentration in the tested plants was
increased with the increase of added Ni, but this increase was not in
parallel with the added Ni. Similar trends were obtained by Salem (2002).

The uptake of Ni by the tested plants for shoots and roots at
second growth period was higher than the first growth one. According to
the values of Ni uptake, the cultivated plants can be arranged as follows:
french beans > sorghum > sesame. From the absolute values of N1 uptake,
it can be concluded that, french beaus plants were more tolerance for high
Ni concentrations compared with sesame and sorghum plants.

The data in Table (3) show that, BCR values were greatly
decreased with the increasing of Ni addition in all treatments. Also, the
BCR values in the second growth period were higher than the first growth
one. The obtained values of BCR in french beans shoots were tower than
in the roots at the first and second growih periods. On the other hand, the
BCR valwes of sorghum shoots at the first growth period were higher than
in the r oots, while at the second growth period the obtained values of
roots were greater than shoots. it can be concluded from the previous
discussion of BCR that, the translocation and accumulation Ni from roots
to shoots in french beans plants was greater than of sorghum plants.
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Table (4): Nickel content (mg kg™, dry matter) and uptake (mg/pot) by
tested plants as affected by added Ni (mg / pot) at two growth
perieds.

Added cancentration of Nicke 2}

e G

g & 55» 0 3751 75 150
Cont. mg| Uptake | Cont. | Upteke| Cont. | Uptake | Con. mg | Uptake
- ) kg"m mg/pot jmg kg | mg/pet {mg kg™ | ma/pot kging mg/pot
First period
Th Shoots| 4244 0.06503 | 68.00 | 0.09G6 | 68.83 | 0.1176 86.92 0.1046
Roots | 63.25 0.0174 | 104.00 { 0.0289 } 111.25 | 0.0399 116.75 0.0280
Se | Whole] 35.81 0.0216 | 50.75 | 0.0385 | 60.86 D.0547 63.75 0.0400
S Shoots | 46.50 0.0449 | 57.750 | 6.0520 | 64.25 1 0.0554 7313 0.0578
Roots | 3763 | 0.0229 | 47.125 | 0.0236 | 49.00 | 0.0241 50.50__| 0.0228 |

Second period ‘

b Shoots | 66.08 0.1578 1 120.04 | 0.4626 1 145.13 | 0.5445 167.19 0.6741
Roots | 79.17 0.0813 | 124.00 | 0.1348 | 143.88 | 6.,1596 164.38 0.1923
Se | whole| 7267 0.0576 | 122.31 1 0.0977 | 169.13 | 6.1373 185.44 0.1932

Shoots| 69.58 0.1207 | 111.06 | 0.187¢ { i41.44 | 0.2303 169.63 | 0.2597

S Roots | 57.17 0.0596 1 151.75 | 0.1578 { 166.00 | 0,1698 205.25 4.2075
French beans (Fb) Sesame (Se) Sorghum ()]
Cobalt (Co) |

From Table (5) it can be noticed that, 1) The DMY of french
beans plants (shoots and roots ) increased with increase of Co addition up
to 2 mg/kg sand compared with control treatment, 2) All the applied
concentrations of Co resulted in an increase of DMY of sesame plants and
3) The DMY of sorghum plants (shoots and roots ) decreased with
increase of added Co, at the both growth periods. It can be concluded that,
the apphcation of Co had a positive effects on sesame plant growth and
negative effects on sorghum plant growth. The values of TI in the tested
plants as affected by added Co were presented in Table (5). Where these
values indicate that : 1) French beans and sesame plants were more
tolerant for Co compared with sorghum plants, 2) In french beans, TI
values of roots were higher than shoots at first growth period and 3} The
TI of the sorghum plants for shoots and roots which found at the second
growth period were higher than the first growth period at the same
concentration of applied Co.

- Data in table (6) show that, Co content in both shoots and reets of
the tested plants increased as effected by addition of different amowmts of
Co, where this increase was found at first and second growth periods.
Regarding to the values of Co content it can be noticed that, Co content in
shoots of french beans and sorghum plants was higher than that found in
the roots o fthem. The french beans plants were more tolerant for high
doses of applied Co in the first growth period while sesame plants was
high tolerance at the second growth period. Similar trend were obtained
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by Mohamed and Abdel-Sabour (2000), they reported that the sesame
plants showed higher accummlation of Co than corn plants, and they
suggested that sesame plants kave a higher affinity to accuwmulate cobalt
than corn plants.

Table (5): Dry matter yield

added Co (mg/ pot) at two

hbarance ‘index (TI) amd
bioconcentration ratio (BCR) ef ths essted pdants as affected by

 Plant | Plant 5 181 . 135 %]
-type | part ] . OMY |
ovot | /oot |11 | BOR oot | T1 | BCRY
. T First
b Shoots | 1.19 | 1.24 | 1.05 | 204.00 1.72 | 1.45 | 1026
Roots | 0.8 | 0.34 | 1.23| 18938 | 044 11359 16994
Se | Whole {0.60 | 0.71 | 1.17 ] 82.50 i 078 112913211
1 Shoots | 0.97 | 0.79 1 0.82{ 93.50 | 0. 0.73 [ 0.76 |32.33 ]
S [Roots |0.608] 048 | 0.79| 87.13 ) 042 [ 0.70 |31.67
§eeondpcnod .
Fb | Shoots [ 239 13.26 1361 19588 [ 3361 141 [ 10175 | 368 | 1,54 15221
Roots | 1.03 } 1.09 {1.06] 182.75 | 1.12 { 1.00 9267 | 1.35 | 1.32 {4837
Se | whole | 0.79 [ 080 | 1.01] 20433 1082 ] 103 | 10619 | 082 | 1.04 |5944
s Shoots | 1.73 | 1.71 {0.99 ] 173.33 | 1.69 | 0.97 90.67 1.66 | 0.95 {48.13
Roots | 5.04 | 1.03 ] 0.99] 158.25 |1.029} 0.99 85.75 1.02 | 0.98 |43.54
LSDa0.05 Plant pari  Growih geﬁod Added Co (mskg-1) |
French beans{Fb 02411 0.1510 0.2435
Sesame S 0.0762 0.0197
Sorghum (S) 0.0160 0.0536 0.0938

Table (6): Cobalt content {(mg kg ') and uptake (mg/pot) by tested plants
as affected by added Co (mg / pot) at two growth periods.

Added concentration of Cobalt (mg kg)
Plant | Plant 0 15 10

type | part

Cont. { Uptake | Cont. {Uptake| Cont. |Uptake| Cont. Uptake

mgkg'| mg/pot |mgkg" | mg/pot jmg kg | me/pot mg kg’ mg/pot

First period

Fb Shoots | 69.75 | 0.0827 | 102.00 | 0.1268 | 131.44 | 0.1730 | 140.52 0.2411

Roots | 61.50 | 0.0169 | 94.69 { 0.0320 1 118.81 ) 0.0412 | [39.88 0.0610

Se Whole | 37.08 | 0.0224 | 4125 {1 0.0292 1 4208 | 0.0322 | 64.42 0.0502

§ Shoots | 43.63 | 0.0421 46.75 1 0.0369 | 56.44 | 0.0427 | 64. 67 0.0475

Roots | 42,1251 0.0256 | 43.56 | 0.0209 | 48.67 ! 0.0212 | 63.33 0.0268

Second period

Fb Shoots | 94.31 0.2252 | 9794 | 0.3190 1 101.75 | 0.3417 | 10442 0.3839

Roots | 7475 1 G.0768 | 9138 | 00992 | 92.67 | 0.1836 [ 96.75 0.1310

Se whole | {00.58 1 0.0797 [ 102.17 | 0.0816 | 106.19 | €.1531 | 11888 0.0975

g Shoots ! 84.75 | 0.1470 | B6.67 | 01482 | 90.67 | 0.0882 | 96.25 0.1593

Rests | 6863 | 0.0716 | 7913 | 00817 | 8575 | 0.2413 | R7.68 0.0890

French beans (Fb) Sesame {Se) Sorghym (S)

Cobalt uptake by the tested plants have a wide vanations (Table,
6). The obtained values of Co-uptake by shoots were higher than of roots,
The sesame plants were more sensitive for high Co concentrations while
french beans plants were more tolerant and more suitable to planting in
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the soils poltuted by Co. The presented data in Table (6) show that the
values of BCR for shoets of french beans and sorghum plants were higher
than roots at first and s econd growth periods. A lso, in most treatments
under study, the values of BCR were decreased with the increase of Co
addition. _
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