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ABSTRACT

The variation among different rice plant organs in cadfiurn (Cd} concentration
and translocation were investigated with field experiments. The results showed that
Cd concentration in rice straw and grains didnt exceed the critical limits of Cd at all
addition levels of composted rice straw {CRS) o the soil whether alone or in
combination with urea. Translocation of Cd within rice plant organs at maximum
tillering ((TCuwur), panicle initiation {TCg), flowering (TCr), from roots to straw at harvest
(TC1) and from straw to grains at harvest {TC») increased with increasing levels of
CRS added to the soil either separately form or combined with urea. Cd translocation
percentage within plant organs decreased with time and can be descended in the
following order: TCyr > TCp > TCF > TCy > TC;. Available Cd increased to a peak at 9
tons CRS plus 150 kg urea. fed™! at all stages of growth, but the highest values of
available Cd was found at panicle initiation stage compared with the other stages of
growth irrespective of treatments. Increasmg the total Cd concentration in soil up to
the third levels of CRS (9 tons.fed) added 1o the soil either alone or combined with
urea compared with the control. The total Cd concentration increased with all
freatiments with time and the highest values of the total Cd concentration were found
at harvest stage.

INTRODUCTION

Reuse of drainage water has been practiced in Egypt since the
beginning this century. The drainage water contains amount of Cd which may
enhance of Cd in soil. Soil fertility and crop production may be reduce
according to accumulation of Cd in soil which increased Cd amount taken up
by piant. Cd is considered as being cne of the most ecotoxic metals that
exhibits adverse effects on all biological processes of plants, animals and
humans. This metal reveals its great adverse potential to affects the
environmental and the quality of food (Kabata Pendias and Mukhetjee 2007).
Composting is defined in generat as the practice of employing biological
reduction of organic metals to humus. Compost has the unique ability under
proper use and application conditions to improve the chemical, physical and
biological characteristics of soil. Organic matter plays an important role in the
chemical behavior of Cd in soii. Aiso the amount and type of organic matter in
the soil can affect the Cd solubility by complexation and chelation,

Total Cd content of soils ranged from 0.01 to 1.1 ppm with an average
value around 0.06 ppm. The higher Cd content in the surface scil is often the
result of human activity (Srivastava and Gupta 1996).. The abundance of (Cd) in
magmatic and sedimentary rocks does not exceed around 0.3 ppm and shale
deposits (Kabata-Pendias and Pendias.,, 1999). The concentration of Cd
accumuiated in the different parts of the rice plants as a result of Cd uptake from
soils. Accumulations of Cd is the highest in roots, about 20-30 times higher than
in stems and leaves and about 100-200 times higher than grains{ Le Huy Ba,
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{2001). Regular consumption of plants containing 3 ppm Cd can poison man and
animal, it interferes with other proteins. In livestock, it accumulates in kidneys,
spleen and liver (Tuker et al, 2003). The present work was designed to
evaluate the combination of composted rice straw plus different rates of nitrogen
as.urea on ; _
1} Concentrations of Cd in rice plant organs (root, shoot, straw and grains}).
2) Translocation coefficient of Cd through plant organs at different stages of
growth.
3} Availability and total concentration of Cd in soil at different stages of rice
growth.

MATERIALS AND METHODS

Two fieid experiments were conducted at the farm of Rice Research &
Training Center (RRTC) at Kafr El-Sheikh using rice plant (Oryza Sativa),
Giza178 cultivar during 2007 and 2008 seasons.’

The experiment aimed to study the éffect of diffgrent rates of organic
fertilizer (CRS), inorganic fertilizer {urea) and their integrations in flooded rice
soil irrigated with drainage water (waste water + agricultural drainage water}
on: 1) Concentrations of Cd in plant parts and its translocation coefficient
through different rice plant organs 2) Availability and total Cd concentration in
rice soil at different stages of growth {maximum tillering, panicle initiation,
flowering and at harvest). The experimental design system of layout was
randomized complete block with four replications. The freatments of
experiments were as shown in Table 1. Composted rice straw was
incorporated with soil before transplanting and urea was added in two splits,
2/3 before flooding and 1/3 one month after transplanting. Plots were
fertilized with super phosphate (7 % P) at the rate of 100 kg.fed™ (0 286 kg
super phosphate /12 m ?) before flooding. Plants in each plot (12 m?) were
harvested for grain yield. Plants were left for drying about three days, and
then threshed. The weight of grains was recorded and moisture content was
measured then grains weight was calibrated to 14 percent moisture basis.
Mechanical and chemical analysis of soil was determined according to
Cottenie et al. {1979) and Page et al (1982). The results are presented in
Tabie 2. Soil was sampled at the four times (maxirmum tillering, panicle
initiation, flowering and at harvest) then stored in the refrigerator for analysis
to monitor Cd behavior in the soil.

Plants were sampled four stages and separated mto roots and shoots
at tillering, panicle initiation and flowering while, at harvest stage roots, straw
and grains were taken. All plant samples were oven dried at 70 ¢ for 48 hours
then ground and kept in plastic bags for chemical analysis.

Water was sampled at the four times (maximum tillering, panicle
“initiation, flowering and at harvest) for analysis and the values were 0.030,
0.033, 0.031 and 0,035 ppm respectively.

Transiocation coefficient(TC) of heavy metals through rice plant organs
were computed according to Zein et al. (2002).

I-The translocation coefficients % (TC) of metal from roots to shoots was
calculated as the following equations:
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Concentration of heavy metal in shoots (mg.kg™),
TC = : x 100
Concentration of the same heavy metal in roots (mg.kg™')

The translocation of metal from roots to shoots denoted as (TC yr) at
maximum tillering, (TC &) at panicle initiation and (TC ) at flowering stage.
Il-The translocation of metal from roots to straw ( TC } was calculated as

following: :

Concentration of heavy metal in straw-(mg.kg™)

TC = —%-100

Concentration of the same heavy metal in roots (mg.kg™)

Ii-The translocation of metal from straw to grains (TC) was calculated as
following:
Concentration of heavy metal in grains {(mg.kg™)
TCz= - ‘ x 100
Concentration of the same heavy metal in straw {mg.kg™

Table 1: Experiment treatments.

Treat.| Composted rice : Treat. | Composted rice straw _
No. straw (CRS) Abbreviation No. (CRS), Abbreviation
1 Control NaCo 7 6 tons CRS + 46 kg N. fed ' NG,
2 3 tons CRS. fed” NosC, 8 9 tons CRS + 48 kg N. fed” N4Cs
3 6 tons CRS. fed’| NoC, 9 89 kg N. fed’ N,Cq
4] 9tons CRS.fed” NoCa 10 | 31ons CRS +69kg N. fed” NG,
5 46 kg N. fed”™ N,Cy 1" 6 fons CRS + 69 kg N. fed” N.C,
6 3tons CRS + 46 N:C, 12 | 8tons CRS +69 kg N. fed” N:Cs
kg N. fed”’ .
N= inorganic fertilizer C=composied rice straw
Table2: Some mechanical and chemical characteristics of the used soil.
Tested characteristics Value{2007) Value{2008] |
article size distribution
Sand % 27.3 13.2
Sitt % 28.64 32
Clay % 44.06 55.8
Texture class Clay clay
pH (1:2.5 soil water suspension) 8.10 4.19
£c, { soil paste extracted at 25 C' dS.m™) 3.00 3.1
OM ( organic matler } % 1.65 1.6
Soluble cations, meq.I'{ soil paste ):
% y
: i 3.98
K9 1.76 1.8
Na’ 14.8 15.2
g%lthe anions, meq.I'{ soil paste ):
3 . - -
HCO4™ ’ 6.00 6.75
cr 8.30 . 8.44
S0 15.7 15.79
Available Cd mg/Kg soil 0.01M5 0.017
Aqua- Regia extracted elements (Total)
Cd mg/Kg soll 810 . 8.15

10235



Hammad, S.A. et al.

The analysis of compost showed that the C:N ratio was 18.68 and
18,9 with 1.82 and1.9% N, 0.78 and 0.75% P, 1.93 and 1.96 % K, 29 and
31ppm Pb,18.6 and 19.4 ppm Ni and 0.6 and 0.615 ppm Cd in season 2007
and 2008 respectively.”

RESULTS AND DISCUSSION

Cadmium (Cd) concentration in rice plant organs:

Data in Tables 3, 4, 5 and 6 represent Cd concentration in rice plant
organs through different rice growth stages as affecteci by the application of
CRS and urea treatments and their combinations. Results indicate that Cd
concentration in plant organs progressively increased with increment CRS
level whether separated or combined with urea at*all stages as compared to
the control. This is may be due to:

1) The Cd content of CRS.
2) The mobility of Cd in soil due to the fornmation of complexes or metal
chelates.

Table 3: Cd concentrationé {ppm) in rice plant organs as affected by the
studied treatments at different stages of growth in season

2007.
Treatments kU;:g_ t?::ds'1 N:ﬂﬁmgm Panicle initiationy Flowering
9- . Roots [Shoots| Roots | Shoots | Roots | Shoots |
NoCo 0 0 30.45 | 11.90 | 34.20 | 12,2 2670 | 7.52
NoC1 [4] 3 33.07 | 13.07 | 38.32 | 15.30 | 30.32 | 10.30
NoC2 [1] 6 36.58 | 15.9G | 40.75 | 18.10 | 32.07 | 12.50
NoCa 0 9 40.92 | 21.80 | 43.15 [ 21.90 { 3520 | 13.50
ean 35.25 | 15.6 39,10 | 16.87 | 31.07 [ 11.05
N1Co 100 0 309271230 { 35,80 § 1290 T 27.07 | 7.62
Ny 100 3 35.7 16.20 | 40.35 [ 18.30 | 31.30 | 11.07
N1Cz 100 6 38.93 [ 17.95 { 44.85 ] 20.63 | 33.10 [ 12.90
NiCa 100 g 4320 | 2123 [ 4712 [ 24.23 | 36.80 | 14.08
Mean 34, 16.92 1 4203 | 18.99 | 32.05 | 11.49
N2Co 150 0 31501 1267 | 36.30 [ 1312 | 2820 | 8.12
~ NaCs 150 3 3760 | 17.87 [ 4280 | 19.63 1 33.30 | 12.11
N2, 150 6 41.98 7] 1823 | 46.30 [ 2250 | 36.80 | 13.50 |
— NoCa 150 2] 46, 2272 | 51680 ] 25.70 | 41.30 | 15.20
Mean 3949 | 17.87 | 44.32 | 20.23 | 34.590 | 12.93

Also, Srivastava and Gupta (1996} found that the fixation of Cd by
organic matter is operative under the acidic condition {soil pH 4-6) but the
solubilization of Cd by organic matter occurs in the range of the soil pH (7-
8).

it is clear from the data that the highest values of Cd concentration
were found with the treatment of 9 tons CRS plus 150 kg urea.fed' at all
stages of growth. Results also, indicated that the high Cd concentrations in
plant {roots and shoots) were found at panicle initiation stage at all treatments
as compared to the other stages, This probably due to that the available Cd
in soil at panicle initiation was higher than the other stages.

Data also show that the shoots accumulated higher Cd than seeds.
This may be due to that translocation of Cd from roots to shoots through the
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xylem is easier; however in the later stages Cd translocation from leaves to
seeds is usually slow (Srivastava and Gupta., 1996).

Data reveal that roots accumulated higher Cd level than shoots,
straw and grains at all stages {Tables 3, 4, 5 and 6). These results agreed
with the findings of Kabata- Pendias and Pendias (2000) and Kabata-Pendias
and Mukherjee, (2007) who found that usually Cd concentration is the highest
in roots and decreases towards the top piants.

Table 4: Cd concentrations (ppm) in rice plant organs as affected by the
studied treatments at different stages of growth in season

2008.

Maximum R s

Treatments kg;gg t.(f:eRc% tillerin Panicle initiation| Flowering
. Roots [Sheots!| Roots | Shoots | Roots [Shoots

Nolg 1] -0 318 {1230 [ 263 | 1310 | 27.80 7.9
NoCy 0 3 348 | 1353 | 39.20 ( 15.65 | 33.40 [ 11.50
NaCz 0 6 [ 389 [ 61980 | 430 | 1950 [ 35.8 13.70
NoCs 0 [£] 453 12298 | 45.80 | 23.33 | 37.20 | 14.90
Mean 37.70 | 1642 1 4107 [ 17.94 | 3355 | 12.0

N1Co 100 0 3250 11260 | 3670 | 13.30 | 27.90 [ 815
N4Cy 100 3 38.50 | 16.60 240 1 19.90 [ 324 1 11.75
NiCz 100 B 2.50 | 18.50 20 | 23.50 | 35.30 | 1345
N1Cs 100 g 45.00 3.00 | 50.03 | 25.30 | 89.20 | 15.30
ean 49.62 | 17.67 | 44.08 20.5 33.70 | 12.16

N2Co 150 1] 32.30 | 1255 | 3710 § 13.50 | 29.00 | 8.30
N2Csy 150 3 3950 1 18.00 | 44.30 | 20.20 | 3450 | 12.60
N2C2 150 6 47280 | 19.30 | 48.10 | 23.80 | 38.20 { 14.80
N2Ca 150 |9 48.30 | 23.80 | 5250 | 26.30 | 42.50 16.5
Mean 40.22° | 18.41 | 45.50 { 20.95 { 36.05 [ 13.05

Table 5: Cd concentrations (ppm) In rice plant organs as affected by the
studied treatments at harvest stage in season 2007.

Urea .| CRS Whole ‘White
Treatments a. fed“ tfedt | Roots | Straw rains Husk rains
NoCo 0 480 1.350 0.370 0.6000 0.250
NgC1 0 3 4.78 1.501 0.423 0.780 0.290
oC2 0 6 5.20 .801 0.523 0.5C5 0.330
oCa -0 g [ 640 .00 '0.630 1 0.6000 0.400

' ean 5.29 1.650 0.486; | 0.770 0.318
NiCg 100 0 4.95 1.450 | 0.400 0.670 0.275
N4C4 100 3 593 1.900 08.520 0.800 0.350
N4Cz 100 6 6.830 2.500 0.700 0.910 0.420
N1Cs 100 9 7.90 2.900 0.830 1.090 0.480
ean 6.99 218 [ 0.612 0.870 0.810

NzCo 150 0 5,10 1.470 0.410 0.730 0.300
N2C4 150 3 6.40 2.100 0.590 0.815 0.400
NaC2 150 B 7.86 2.700 0.780 0.990 0.490
NzCs 150 k) 8.89 345 1.000 1.200 0.530C
ean 7.03 | 2.3%0 0.695 | 0.933 0.430
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Table 6: Cd concentrations (ppm) in rice plant organs as affected by the
studied treatments at harvest stage in season 2008.

Urea - Whole White
Treatments| | g.fed CRS | Roots | Straw | grains Husk rains
NoCo 0 485 1.431 0.381 0.653 0.270
NoCi 4] 3 5.20 1.548 0.462 0.793 0.307
NoCz _ 0 B 6.00 1.873 0.545 0.871 0.346
NoCa Q 9 6.80 2.140 0.687 0.985 0.446
Mean 5.88 2.04 0.600 0.890 0.380
NiCo [ 100 0 5.25 1487 0421 0.685 | 0.289 |
N1Cy 100 3 6.80 1.989 0.561 0.881 0.375
N1Cz 100 6 8.50 2.989 0.785 0.969 0439
NiCs 100 9 8970 | 259 0.501 1.151 0.492
Mean 7.10 2.41 0.682 0.960 0.554
N2Co 150 1] 523 1.503 0.420 0.745 0.334
NoCq 150 3 7.30 2.20° 0.620 0.875 0.438
N:C; | 150 (5 8.00 2789 0.815 0.993 0.496
N2Cs 150 9 11.00 3.536 1.120 1.310 0.563
Mean 7.97 2.65 0.826 1.120 0.652

The obtained resuits aiso, show that mean value of Cd concentration
was approximately 2 folds for roots as compared with shoots at maximum
tillering, panicle initiation and flowering stages of all treatments.-Whereas, Cd
concentration mean was approximately 3 and 10 folds for roots as compared
to straw and grains respectively at harvest stage of all treatments. The
chemical analysis of rice grains show that the concentration of Cd increased
with increasing levels of added CRS separately or combined with urea in
whole grains, husk and white grains. In Japan the maximum level of Cd in
unpcilshed rice grains is 1.00 ppm mg Cd. kg™, In Taiwan, it is 0.50 mg Cd
kg white in mainland China the maximum permitted level is 0.40 Cd.kg™
polished rice grains (Chen, 2000). According to, Cd limits in rice grains as
mentioned before it could be observed that Cd concentration in rice grains
was unpoliuted at all addition levels of CRS which added whether, alone or in
combination with urea.

Results also, show that the rice husk analyzed was higher in
concentration of Cd as compared with whole and white grains at all addition
levels of CRS. This means that, Cd concentrated in husk than grains. These
results agreed with findings of Sarkunan et al{1991) and El-Habet Howida
(2004).

Cd translocation through rice plant organs:

Cadmium together with other elements is recognized as being the trace
elements which are readily translocated to plants after absorption through the
roots (Chaney and Giordano., 1977). The transfer Coefficient of Cd through
rice plant organs as affected by the applications of CRS, urea treatments and
their combinations at different stages are shown in Table 7 and 8. Data
demonstrate that there are increases of the Cd translocation values through
all rice plant organs (TC yr, TC g, TC ¢, TC; and TC;) with increasing
different levels of CRS &ither alone or integrated with urea as compared with
the control. Resulis clearly reveal a general dependency of Cd concentration
in plant tissues on the presence of soil Cd concentration.
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With respect to, the translocation coefficient of Cd in rice piant organs
within different stages of growth, data in Tables 7 and 8 illustrate that Cd
transiocation from roots to shoots (TC yr, TC w, and TC ) at maximum
tillering, panicle initiation and flowering stages respectively was higher than
its translocation from roots to straw at harvest. These resuits agreed with the
findings of Srivastava and Gupta.,(1996) who stated that the translocation of
Cd from roots to shoots through. xylem was easibr than translocation
from leaves to seeds.

Table 7: Translocation coefficients (%) of Cd within rice plant organs as
affected by the studied treatments at different stages of
growth in season 2007.

Maximum | Panicle .
Treatments kuggg_ t(f:gds tillering |initiation flowering Harvest
9 TC ur TC m TCE TC: | TG

NoCq 0 0 39.24 3a5.67 28.16 | 28.10 | 27.40
NoCt 0 3 39.52 39.92 33.97 31.40 | 28.78
NoC2 0 [3] 43.46 44.41 38.97 34.63 | 29.03
NoCa Q g 53.27 50.75 39.45 32.25 | 31.50
N1Go 160 [4] 33.78 36.03 29.32 29.25 | 27.50
N1Cy 100 3 45.77 45.35 35.36 32.04 | 27.36 |

- NG 100 6 46.93 45.77 38.97 36.76 | 28.00
NiCs 100 9 49.14 51.42 38.26 36.70 | 28.62
NaCo 150 ] 40.22 36.14 29.40 28.82 | 27.89
NaGy 150 3 47.52 45.86 30.34 3281 |- 28.09
NzCo 150 6 43.25 4350 | 36.68 34.35 | 28.88
N2Ca 150 9 48.44 49,51 33.90 35.43 | 28.81

Table 8: Translocation coefficients (%) of Cd withinjrice plant organs as
affected by the studied treatments at different stages of
growth in season 2003.

Maximum | Panicle
Treatments kUrea CRS1 tillering |initiation flowering Harvest
g.fed-' | t.fed”
TG ur TC p TCFE TCy TC_;_
NoCo 1] 1] 38.67 36.08 28.47 28.50 | 26.62
NoCi1 0 3 38.87 40.38 3443 28.76 | 29.84
NoC2 0 6 4344 45.34 38.26 31.21 | 29.57
NoCa 0 9 50.55 50.93 40.05 31.47 | 32.10
N1Co 100 0 39.76 36.23 29.24 28.90 | 28.31
N1Cy 100 3 4311 46.93 36.26 29.25 | 2820
N1Cz 100 [ 43.52 40.78 28.01 30.45 | 30.32
NiCs 100 g 51.11 50.58 36.03 30.82 | 30.13
NaCo 150 0 38.55 36.38 28.60 28731 27.64
N2C4 150 3 45.56 45.59 36.50 30.13 | 28.18
N2Co 150 6 45.09 48.48 38.74 30.98 [ 29.22
NoCa 150 9 51.40 50.08 38.82 32.11 | 31.67

Also, Kabata- Pendias and Pendias (2000) observed that the Cd in
plants is relatively very mobile.
Available cadmium (Cd) (ppm): :
Available cadmium {Cd) values in soil (ppmt as -affected by the
application of CRS and urea treatments and their integrations at different
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staﬂes are rresented in Table 9 and 10. Data reveal that, at all staies of rice

growth, available Cd in soil increased with increasing added levels of CRS to
the soil either separately or combined with urea compared with the control.
These might be first, due to, the decomposition of CRS which have more Ca
and Mg that compete with Cd. Second, complexing and chelation of Cd with
organic ligands led to solubilities of humic acid complexes with Cd. Third, the
soil pH values under flooded soil tend to neutrality. Fourth, in akaline soil,
monovalent hydroxy ion species are likely to ococur (CdOH™), which not easlly
occupy the cationic exchange sites. These results are in quite agreement with
_.those reported by Alloway (1995) and Kabata- Pendias and Pendias (2000).
Also, Abou Elkhir (2000) revealed that a significant positive correlation
between organic matter and available cadmium (Cd) and nickel {Ni) {r =
0.464**, 0.410*) respectively.

Table 9: Available Cd (ppm) in soil as affected by the studied treatments
at different stages of rice growth in season 2007.

Urea . [ CRS, [ Maximum [ Panicle
Treatments Kg. fed" t. fod tillering | initiation Flowering | Harvest
NoCo 0 0.185 0.198 0.178 0.174
NoC1 0 3 0.212 0.231 0.194 0177
NoC2 0 6 0.233 0.250 0.201 0.191
NoCs 0 9 0.251 0.279 0.211 0239
N+Co 100 0 0.205 0.228 0183 0.158
N1Gq 100 3 0.232 0.244 0.201 0.188
N1C2 100 6 0.256 0.273 0.218 0.203
N«Ca 100 9 0.268 0.283 0.227 0.248
N2Co 150 0 0.216 0.229 0.193 0.163
NzG1 150 3 0.241 0.256 0.212 0.194
NzC2 150 6 0.270 0.284 0226 0.211
N2Cs 150 9 0.279 0.291 0.234 0.266

Table 10: Available Cd (ppm) In soil as affected by the studied
treatments at different stages of rice growth in season2008.
Maximum

Urea [ TRS ] Panicle | .. -
Treatments kg. fed” | t. fed” | tillering | initiation Flowering | Harvest )
NoCo 0 1] 0.180 0.192 0971 0.173
NoG+ 0 3 0.217 0.237 0.199 0.179
NoC: 0 6 0.237 0.259 0.210 0.197
NoCs 0 9 0.259 0.282 0.217 0241
N:Co 100 0 0.201 0.225 0179 0.153
N1C4 100 3 0.235 0.250 0.215 0.192
N1Ca 100 6 0.262 0.278 0.225 0.211
N1Cs 100 9 0.271 0.289 0.230 0.251
N2Co 150 0 0.210 0.220 0.180 0.158
N2C4 150 3 0.244 0.262 0.219 0.201
N.C: 150 6 0.275 0.289 0232 0.220
NzCs 150 9 0.282 0.297 0.240 0.269

Data also, indicate that the highest values of available Cd were
recorded with combinations of urea at the rate of 150 kg. Plus 9 tons
CRS.fed' at maximum tillering, pamcle initiation, flowering and harvest
stages.
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Conceming to the changes of available Cd in soil through different
stages of rice growth, data stated that the available Cd increased at all
treatments with lapse of time at maximum tillering and panicle initiation, they
trended to decrease at iater stages of rice growth (flowering and at harvest).
This increase of available Cd during maximum tilering and panicie Initiation
may be due to the organic acids released from the organic matter
fermentation resulted in a decrease of soil pH. These results are in harmony
with those obtained by (Yanni 1979). . - '

It is clear from the data that the lowest values of available Cd in soll
were aftained at harvest stage as compared with the other stages at all
treatments. it may be atiribute to:

1) Increase the head of water over surface soil, with progress height of rice
plant, which increases anaerobic conditions that caused a reduction of
sulphate ions to sulphides which complex with Cd and Ni and |mmob|!|ze
them as suiphide salts (Ven Den Berg ef al, 1998).

2) Humic materials in anaerobic system are usually characterized by large
molecular weight and greater structural complexity, caused increase
metal retention capacity (Chen and Avnimelech 2002).

Total Cd concentration in soil (ppm):

i is clear from the data (Table 11 and 12) that the total Cd
concentration increased with increasing CRS up to the third levels of CRS
either added to the soil in separated form or integrated with urea as
compared to the control. These results are agreement with those obtained by
Kandil Hala (2005) who found that the total heavy metals (Cd, Ni and Pb)
significantly increased by increasing the rate of organic manures (banana
composied and cotton composted). Results also, reveal that the highest
values of the total Cd concentration at maximum tillering, panicle initiation,
?owering and harvest stages were found at 9 tens CRS plus 150 kg urea.fed”

Table 11: Total Cd concentration {ppm) in soil as affected by the studied
treatments at different stages of rice growth in 2007 season.

Urea CRS_ [ Maximum anicle .
Treatments | \ o fod" | t. fed™ | tillering | initiation | Flowering | Harvest
NeCo 0 0.913 1.000 1377 1450
NoC+ 0 3 1.070 1.156 1293 - | 1480
NoC:z 0 6 1.402 1,559 15672 1.899
NoC3 0 9 1,873 2.000 2,230 2,530
N:Co 100 0 1100 1.233 1.435 1500
N(Cy 100 3 1.382 1572 1.788 2,001
N+C: 100 6 1725 1.930 2125 2.410
N+Cs 100 9 1935 2.310 2.485 2.736
NzCo 150 0 1270 | 1300 1.650 1750,
N2C+ 150 3 1.503 1.789 1.058 2231
N>C2 150 6 1.303 2,158 2435 | 2.803
N:C3 150 9 1.980 2.305 2.805 2920
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Table 12: Total Cd concentration (ppm) in soil as affected by the studied
treatments at different stages of rice growth in 2008 season.

Urea CRS Maximum | Panicle :
Treatments |, sod" | t. fed” | tillering | initiation | ' 'oWering | Harvest
NoCo 0 0 1.100 1.203 1300 1.500
NuC1 ¢ 3. 1.10 1.200 1.310 1.55
NoC: 0 6 1.440 1.632 1.697 1.920
NoC3s 0 9 1.88 2170 2.330 2.631
N,Cq 100 0 1.120 1.235 1473 1.560
N1C4 100 3 1.40 1.580 1.820 2170
NyC2 100 8 1.733 1.970 2.233 2.50
N1Ca 100 9 1.980 © 235 2.550 280
N2Co 150 t] 1.280 1.300 1.701 1.782
N2C4 150 3 1.540 1.88. 2.08 2,29
N2C2 150 6 1.830 225 2.56 2.930
N2C3 150 g 2.10 240 2.90 2.96

With respect to the total Cd concentration in soil through stage as
compared with the other stages, data also, show that the obtained fevels of
Cd in soit at all stages with all treatments were still less than the tolerable
level of Cd in soil (5 ppm) as reported by Tietjen {1975).

The obtained resufts show that the total Cd concentration increased
at all treatments with lapse of time,

CONCLUSION

Cd concentration In rice straw and grains didn't exceed the critical limits of
Cd at all addition levels of composted rice straw to the soil whether alone or
in combination with urea under irrigation with contaminated water.
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