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ABSTRACT: A pot experiment was conducted under greenhouse
conditions to study the effect of four Cadmium (Cd) levels (0, 15, 30
and 60 mg kg' soil) as Cd SO, and three soil pH values (5.5, 6.8/and
8.2) and their combinations on growth, Cd distribution and Cd
accumulation in pea plants. Soil Cd application into the soil and soil
pH significantly affected extractable Cd- from the soil, plant!dry
matter yield and Cd accumulation in plant tissues. Roots
accumulated the highest concentrations of Cd compared with other
plant organs. Also, increase soil Cd application due to reduction in
shoot dry weight more than root dry weight. Cd concentration and
uptake in roots, shoots and seeds of pea plants grown at pH 5.5 were
significantly higher than in plants grown at pH 8.2, ! The
translocation of Cd from roots to shoots was influenced by Cd

application and soil pH. _ !

INTRODUCTION

Accumulation  of  heavy
metals in agricultural soils has
become a major concem for food
crop production. Cadmium (Cd) is
recognized as one of the most
hazardous elements which is not

essential for plant growth (Kabata-
Pendias and Pendias, 1992). Since
cadmium is known to be pasily
taken up by plants and translocated
within  the plant (John e al.,
1972 and Turner. 1973). A clear
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understanding of its bioavailability
to plants is essential to reducmg
Cd entry into the food chain with
potentially harmful effects on
human health (Yantiang Guo,
1995). It is well known that Cd
congentration in plant tissues is
usually directly related to the
concentration of plant available Cd
in spil (Braumemer er al, 1986).
However, a number of soil factors
can :© alter Cd  uptake and
accumulation in plants. Soil pH is
a fagtor most frequently observed
to affect Cd availability to plants
(Xian and Shokohifard, 1989).
Acidic conditions in soil often
enhance the solubility of heavy

metals, especially Cd. An increase -

in the dissolved concentration of
heavy metals may represent
- toxicity and  contamination
problems in soils. The behaviour
of heavy metals in plant-soil
environments is dependent on the
chemical speciation and the
relative distribution of chemical
forms of metals in soil solutions.
These. in turn, will influence the
availability and mobility of Cd in
soils (Del Castilho and Chardon.
1995 Reddy ef ol . 1995 and Abou

Seada' ef al. 1997). [Little
information is available on Cd
uptake by pea  plants or

distrubution of Cd within the plant
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including accumulation in  the
seeds. However, only.a few studies
have examined Cd uptake by pea
plants grown in Cd-contaminated

and/or non-contaminated  soils
(Cieshnski et al., 1994, 1995).
The present study was

initiated 1o investigate Cd uptake
by pea plants grown in sandy soil
under greenhouse conditions and
Cd distribution  within plants as
affected by Cd application and soil
pH. :

MATERIALS AND METHODS

The pot experiment was
conducted- under  greenhouse
conditions with pea plants (Pisum
sativum 1..) in sand culture at the
Experimental Farm of the Faculty
of Agric., Minufiya University,
Shibin Ei-Kom. A surface soil
samples (0 — 30 cm) were collected
from an area adjacent to Quasna
City. Soil samples were air-dried
and ground, to pass through 2 mn
seives.  Some  physical and
chemical analysis for this soil were
carried out according to Black
(1965) and illustrated in Tdble (1)

Plastic pots (30 cm internal
diameter) were filled with 7 kg air
dried sand soil. Pea sceds were
germinated and after 15 days from
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Table (1): Some physical and chemical characteristics of the soil usetl. -

Property . Values Property Values

Mechanical analysis: Soluble ions meq/100 g soil:
Sand % . 952 - Ca™+Mg” 46
Silt % 2.4 Na' t.45
Clay % 24 K 0.07
Soil texture Sandy  HCO 1+ CO% 06

Chemical analysis: cl 1.5
OM % 026 SO, 40
pH(1:2.5s0il : water) 7.97 - Total N% 006
ECdSm' 1.1 Cd ppm 04

!
f

Table (2): Effect of soil Cd apphcatwn and different s*ml pH on bTPA
on Cd concentration (ppm) in soil.

. K Soil pH values .
Cd applied (mg . kg) 55 63 2o M‘M"‘*
0 (.30 0.25 0.14 0123
15 - 12.28 10.23 8.55 1033
30 20.65 28.68 29.77 2b.70
60 50.78 46.33 3737 4483
Mean - 2350 21.37 18.96

R S

L.SD. 5% Cd 0.6 pH 057 Cd»pH 115
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complete germination, plants were
thinned to 4 umform seedlings per
pot

A nutrient solution similar to
that recommended by Hoagland
and Amon (1950) was used once a
weegk for each pot in this
- experiment. Soil pH was adjusted
at three pH levels namely, 5.5, 6.8
and 8.2 by supply of acid (0.1 N
"HCI) and alkahi (0.1 N NaOH).
Also, the distilled water for
irrigation was adjusted at the same
pH levels.

. After 25 days from sowing,
cadmium was added as Cd SOy at
the levels of 0, 15, 30 and 60
- mg/kg soil. These levels were
chosen to be near from those found
in the extremely polluted areas.
Each treatment
three tims in 'a completely
randomized. block - design. Two
~plant samples were taken at
flowering and at harvesting stages
and separated to roots, shoots and
seeds: The plant materials were
divided into two parts, the first
portion was dried at 105°C to
determine the dry weight and the
second one was dried at 70°C for
chemical  analysis. Cd  was
extracted in soil by DTPA using
method of Lindsay and Norvell

was replicated
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(1978).

Plant samples were
digested using HCLOy4 and HSO4
acids (Jackson, 1960), The

cencentration of Cd in soil and
plant samples were determined
using the atomic absorption
spectrophotometer {Mode! Phillips
Pu 9100). All data were statistically
analyzed according to Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

1. Cd content in soil:

Data in Table (2) show the
‘influence of Cd application on the
DTPA Cd at different pH. It was
noticed that increasing the soil Cd
levels stimulated the Cd recovery,
particularly at pH 5.5. Increasing
the pH resulted in a decrease in the
DTPA soluble Cd. Wherever, Cd
was found to be most mobile in
acidic soils within a pH ranged
between 4.5to 5.5 and it was more
readily adsorbed by soil particles
and bound by organic.compounds
at higher soil pH (Binghan ef al.,
1980). These results are in full
agreement with those reported by
Kabata-Pendias and  Pendias
(1992) and Cieslinski ef af. (1996).

in this respect, Nouri and
Reddy (1995) and Jeng and Singh
(1995) decleared that when soil pH
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decreased, the mobility of Cd and

other trace metals increased with
changing soil acidity.

Concerning the interaction
between soil pH and the soil Cd
application on the extractable Cd-
DTPA, it could be noticed that, the
combined treatment of pH 5.5
value and 60 mg Cd kg™’ gave the
highest Cd-extract content (50.78
mg Cd kg™). This may be due to
the influence of reducing soil pH
‘and Cd addition on increasing
DTPA-extractable Cd in the soil
(Cieslinski ef al., 1996).

2. Plant growth:

Average shoot dry weight
varied widely among pea plants,
but was the highest for all parts of
plants grown in non-Cd treated soil

(Tables 3 and 4). Shoot dry weight -

was higher at soil pH 6.8 than at
soil pH 8.2 in both growth stages.
Increasing the Cd concentration in
soil significantly decreased dry
weight of pea shoots in  both
growth stages.

At the lower pH (5.5), dry
weight of shoot significantly
decreased with applied Cd more
than  that observed at higher pH
(8.2). Application of 60 mg Cd kg™
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of soil at different soil pH reduced
shoots dry weight at flowering
stage to 77, 58-and 58% of control
plants, respectively. This may be
ascribed to Carlson ef ol (1975)
who reported “that plants exposed
to high soil Cd concentration had
considerably reduced chlorophyll
content in their leaves, which
decreased plant  biomass
productivity. The inhibitory effect
of Cd on plants to different
reasons. a) inhibiting water transport
to the shoots, b) decreasing the
uptake of essential elements by the
roots, ¢) reducing the stomatal
aperature and CO; uptake,
consequently  decreasing . the
photosynthesis (Greger, 1989).

Increased soil pH rescued
bioavailability and has been shown
to influence Cd sorption and hence
the concentration of Cd in soil
solution ( Alloway ef af, 1994).

The obtained data for the
effect of different soil pH with the
amount . of applied Cd af 15 mg
Cd' of soil with pH8.2 excelled
that one at pH 5.5. Shoots dry
weight of pea plants grown in soil
treated with 30 mg Cd kg soil
were not influenced by soil pH.
However, at 60 mg Cd kg soil,
increases accured in shoots dry
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Table (3): Effect of Cd application and different soil pH on dry weights
' (g / plant) of pea plants at flowering stage.

Soil pH value

Cd.applied (mg . kg™") Mean
N , 5.5 6.8 8.2
i ) Roots _
0 231 1.94 182 202
15 1.70 1.52 1.61 1.61
30 | 1.07 1.37 1.37 127
60 0.84 115 082 094
Mean 1.48 1.50 1.41 1.46
| ‘Shoots
| 0 6.46 580 579 605
15 425 5.60 532 506
| 30 2.97 2.93 300 3.00
| 60 1.47 2.49 244 213
Mean 3.79 4.23 416  4.06
L.5.D. 5% roots - shobts
Cd 0.11 1.15
pH NS 0.25
Cd x pH 0.20 1.56
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Iable (4): Effect of Cd application and soil pH on dry weights of pea
plants (g / plant) at harvesting stage.

Soil pH value

[
I

. B .
Cd applied (mg . kg™ 55 63 23 Me?n
Roots ‘
0 5.8 5.2 5.4 5.47
15 30 32 34 343
30 2.8 2.9 3.8 3,17
60 1.4 1.8 1.5 1.57
Mean 3.28 3.28 3.53 3.86
Shoots :
0 19.2 17.4 184 1833
15 11.6 13.9 128 1277
30 9.9 9.7 9.7 9.77
60 5.7 86 85 70
Mean 11.6 - 12.4 12.35 12.12
Seeds |
0 18.9 19.4 207 19.67
15 9.3 10.0 9.3 9.33
30 79 8.2 7.9 8,00
60 4.4 53 541 49l
Mean 10.13 10.73 10,75 10.53
L.S.D. 5% Tools shoots seeds;
cd 0.07 0.34 0.45
pH 0.06 0.29 0.39
Cd x pH 012 0.59 0.85
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' weight per plant grown in soif at
pH 82, Thus, it seems that
increased soil pH reduced the toxic
effect of Cd to plants only with the
highest amount applied Cd. Root
dry weight was more sensitive to
increased Cd concentrations in soil
than shoots dry weight (Table 4).
Wherever, it considerably decreased
with ' raising Cd levels, this may
attributed to the
enzyme activity which resulted
from the phytotoxic effects of high
- content of Cd in corn plantsasa
- result of its accumulation (Youssef
etal, 1995).

© - At harvesting stage, datain
- Table (4) indicated that the effect
of soil Cd application and soil pH
on dry matter yield of pea plants.

In general, dry weights of roots,

shoots and seeds were significantly
reduced by soil Cd application.
The reduction in the dry matter
yield may be a consequence of
inhibited enzyme  activities
(Marschner, 1998). In this concern,
also the basic cause of the toxicity
might be due to the highter aftinity
of Cd for thiol groups (SH) in
enzymes and other  proteins
{Mengel and Kirkby, 1987).

As regards to soil pH, data
indicated that, increasing the soil

disturbance of
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pH significantly increased. the
different pea plants organs of dry
matter yield.

3. Seeds yield:

Seed yield (Table 4) showed
a large differences according to the
Cd application into the soil. The
highest yield was achieved with
unamended soils. Increasing soil
pH to 8.2 affect seeds yield of pea
plants. The incremental addition of
Cd to the soil remarkably
diminished the seed yield of pea
plants. In this respect, Morghan
{1993) found that seed yield of
several - plants decreased in Cd
contaminated soil.

4. Cd concentration:

Cd concentration in shoots of
plants grown in untreated soil
ranged from 049 to 0.59 mg Cd
kg dry weight (Table 5). While
Cd concentration at harvest stage

~ (Table 6) ranged from (.29 10 0.37

mg Cd kg' dry weight which
exceeded the range 0.05 - 0.20 mg
Cd kg' normally accepted for
plants (Kabata-Pendias  and
Pendias, 1992).

Although  application of
15, 30 and 60 mg Cd kg to
soil incrcased substantially Cd
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Tabvle (5): Effect of Cd application and soil pH on Cd concentration
: {(ppm) of pea plants at flowering stage.

Cd applied (mg . kg™ Soil pH value Mecan

5.5 6.8 8.2 |

. Roots ‘

0 3.21 1.30 100 VR4

15 41.50 37.6 1920 3297

30 75.40 482 3070 5143

60 104.40 87 3640 66.50

Mcan 5613 3645 2182 3814
~ Shoots | _

0 0.49 058 059 . 0.5

15 26.10 2140 1298 2016

30 3670 . 2600 1500 25.90

60 51.07 3380 2210 35.66

Mean 28.59 20.45 12,67 2057

LSD. 5% roots shoots '
Cd 3.12 1.66 o
pH 2,18 143 -

Cd x pH 4.89 287
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concéntration in shoots up to 35.66
mg Cd kg' dry weight, at
flowering stage and up to 33.8 mg
Cd kg shoots dry weight at
harvesting stage (Table 6 and
Fig. 1), Cd concentration in shoots
was distinctly reduced by increasing
soil pH (Tables 5 and 6).

* Concerning the interaction
between soil pH and Cd
application into the soil, the results
indicate that the application of Cd
‘at ‘60 mg Cd kg™ soil with pH 5.5
markedly  affected the high
concentration in plant shoot at
. flowering and harvesting stages
(Tables 5 and 6). Similar results
‘were 'found 1n roots at both
flowering and harvesting stages.

_ It is obyious that Cd

concentration was much lower in
shoots ~ than in roots. Seeds
accumulated_intermediate amounts
of Cd taken up as compared with
that estimated in root (Table 6).
These results were in agreement
with the findings of Yantiong Guo
(1995) and Cieslinski ef al. (1996).

- It seems that Cd accumulated
more rapidly in roots than shoots
dnd sceds at both growth stages.
Most of Cd in the plants accumulated
in the roots. Detoxifications may
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be metal specific with Cd bound to
sulphur containing proteins which
form metabolically  inactive
complexes which accumulate in
roots (Baker ef al., 1990).

5. Cd uptake:

To obtain more information
regarding the actual amounts of Cd
absorbed from  soil  and
accumulated into specific plant
parts, the obtained results
expressed in terms of Cd uptake.

- The results of Tables (7 and 8)

indicated that the uptake of Cd by
plants ‘increased with increasing
Cd addition to the soil, because of
the increasing rate of absorption
Cd than the decreasing rate of
accumulation of the dry matter
{concentration effect). In Tables (7
and 8), it is also noticed that the
Cd uptake by shoots and roots in
harvesting stage was more than in

- shoots and roots at flowering stage.

The Cd uptake by pea plants
was conclude that -the Cd uptake
was more in seeds than in shoots
and roots at harvesting stage.

6. Cd translocation:

The variation in the ratio of
(Cd in the shoot as observed may
also be at least partly due to
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Table (6): Effect of Cd application and soil pH on Cd concentration (ppm)
of pea plants at harvesting stage.

o ¥ Soif pH value
Cd applied (mg . kg™) 55 6.8 27 Mean
Roots
0 1.59 0.51 0.48
15 29.94 28.3 15.3
30 50.0 35.0 20.6
60 62.8 39.4 27.3 .
Mean 35,95 25.80 15.90
Shoots ) :
0 036 029 037
15 244 17.7 7.8
30 27.9 27 122
60 48.6 31.0 . 188 .
Mean 25.32 17.92 9.8
" Seeds .
0 0.39 0.33 029 034
15 37.1 27.6 i3.1 25.93
30 46.7 31.5 176 3193
60 57.4 35.2 2010 37.57
‘Mean 35.4 23.7 1277 23.94
LS.D. 5% TO0tS ‘ shoots seed;;'_
cd 1.94 1.52
pH - 1.67 1.32
Cd x pH 3.34 2.04 2.20
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Fig (1): Cd concentration in pea roots, shoots and seeds

as affected by soil Cd application and soil pH.
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Table (7): Effect of Cd application and soil pH on Cd uptake (ug . ")
' of pea plants at flowering stage.

Soil pH value

Cd applied (mg. kg’ Mean
- 5.5 0.8 8.2
Roots
0 742 252 182 392
15 70.55 57.15 3091 52.87
30 80.68 6603 4206  62.92
60 87.70 67.51 2985  61.69
Mean 61.59 4830 2616 4535
| Shoots 7
0 3.17 34 34 334
15 11093 11984  69.05. 99.94
30 109.00. 7618 4650  77.23
60 75.07 84.10 53.93  71.05
Mean 74.54 7090 4323 7289
LS.D. 5% roots shoots
Cd 8.12 11.18
pH 10.30 12.40

Cd x pH 15.60 18.80
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Table (8): Effect of Cd application and soil pH on Cd uptake (ug . & by
pea plants at harvesting stage,

Soil pH value

. -1
Cd applied (mg . kg™) 55 6.8 32 Mean
Roots
0 922 2.65 2.59 4.82
15 91.14 90.56 5202 7791
30 140.0 101.50 7828  106.59
60 87.92 70.92 4095 66.60
Mean 82.07 66.41 4346  63.98
! Shoots T
0 6.91 5.05 6.81 6.26
15 283.04  246.03 . 99.84  209.64
30 276.21 220.19 11834  204.91
60 - 277.02 266.6 . 159.80  234.47
Mean -210.80 184.47 96.20  163.80
Seeds
0 7.37 6.40 6.00 659
15 345.03 276.00  121.83 24762
30 36893 25830 139.04 25542
60 252.56 186.56  102.71  180.61
Mean 243 47 181.82 9240 17256
L.S8.D. 5% roots shoots seeds
Cd 8.10 16.80 18.60
pH 13.50 20.20 25.40
21.60- 29.40 32.90

Cd x pH
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variation in the transfocation of the
Cd element from roots to shoots. In
order to understand this, the
relative distribution of Cd in shoot /
root has been calculated and
presented in Table (9}.

The results indicate that the
application of Cd at high rates
markedly affected the translocation

of Cd from roots 1o shoots
{shoot/root) in pea plants as
compared with low rates. Cd

movement from pea roots to shoots
was very limited despite a high
concentration in  soil and,
subsequently,
growth stages (Tables 5 and 6).
This supports findings suggesting
that an internal detoxification
system can reduce plant Cd
translocation which renders Cd
less  toxic
contaminated soils (Baker et al,
1990).

The mobility of Cd has been
reported to increase with soil
acidity (Nouri and Reddy, 1995
and Reddy ef al. 1995). On the
other hand, there 1isevidence that
Cd differ in their mobility in the
soil. Even aminor decrease in the
pH bhas been shown to increase the
leaching of Cd significantly from
both metal-polluted and unpoliuted

in roots at both

to plant, grown in -

layers (Reddy et al, 1995}, In this
connection, Grunhage and Jager
(1985)  reported  that Cd
translocation from roots to shoots
increased in acidic soil (pH 4).

In' conclusion, evidence has
been presented to show the effect
of both Cd concentration in soil
and soill pH on pea plant
productivity and Cd accumulation
in plant tissue and seeds.
Moreover, plant response to scl
Cd was found to be soil pH-
dependent. Dry weight of shoots
was the best indicator of the toxic
effect of Cd on pea plant growth,
although  the  highest (Cd
concentrations were found in root
tissue. Cadmium concentration in
roots was directly related to the
DTPA-extractable Cd concentration
in soil. The relatively low Cd
concentration in upper parts of the
pea plants indicated the plant’s
internal detoxification system may
have limited translocation of Cd
from roots. This suggest that under
elevated soil Cd concentration, pea
plants were stimulated to activate
Cd binding sites in their roots.
Growing economic crops,
particularly those are wused for
human foods, in Cd contaminated
areas showed be avoided.
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Tab!e {9): Ejfect of Cd application and soif pH on the translocation of

cadmium content (shoots / roots) at harvesting stage.

-

Cd applied .(mg kg Soil pH value Mean
55 6.8 8.2
o 07 1.91 263 130
15 3.11 272 .92 2,69
30 197 217 1S1 192
60 3.15 3.76 3.90 352
298 221 -

Mean - 2.57
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