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Contents of Lead and Cadmium in Barley Plants
as Directly Affected by some Organic Manure
Applications in a Sandy Soil

M.M. El-Sebaey, M.E. Matter and M.K. Nasef
Soils, Water and Environment Research Institute, Agricultural
Research Centre,Cairo, Egypt.

HE PRESENT works was carried out as a pot experiment to study

the effect of some organic manure {compost, biogas and sewage
sludge} in addition to untreated soil as a control. Five ascending rates
0.5, 1, 2, 3, or 4 % on the content of Pb and Cd in sandy soil and the
grown barley plant.

The obtained results showed that, AB-DTPA extractable Pb and
Cd increased significantly due to application of organic manure and
the increases progressed with increasing the rate of application. The
average values of available Pb and Cd in the soil ranged from 0.15 to
7.55 and 0.02 to 0.37 mg kg'' respectively.

The soil treated with sewage sludge and biogas manure gave
relatively higher significantly of the AB-DTPA extractable Pb and Cd
than that treated with the compost or manure. The highest
concentrations of Pb and Cd ware less than the maximum
concentration permissible for arable lands 40 and 1.0 mg kg’ for Pb
and Cd, respectively. High extractable Pb in the treatment of 2 %
application of sewage sludge with significant difference over the
lower concentration.

On the other hand, results showed that dry matter weight
(gm pot™), weight of 100 grains and height of barley plants as affected
by application of compost , biogas or sewage sludge manure to a
sandy soil were significantly increased over control due to supplying
with organic matter. Also, data indicated that biogas was the mast
effective on 100 grains of barley plants followed by sewage sludge in
height and dry matter yield and then compost. However, the difference
in grain yield obtained due to application of biogas manure or sludge
applications was insignificant. The highest rate of organic manure
4.0% showed a insignificant decrease in dry weight, of 100 grains and
plant height compared with the rate of 3.0 %, which is considered as
the optimum rate for producing the highest dry matter yield.

Data also revealed that the concentration of Pb and Cd in barley
straw and grains progressively and consistently increased by
increasing the rate application of compost, biogas and sewage sludge
manure and the straw exhibited more accumulation than grains. On
the other hand, Pb and Cd contents of straw and grains were increased
by sewage sludge manure, flowed by biogas manure 2nd then
compost,
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From the above mentioned results, it can be concluded that
accumulation of heavy metals Pb and Cd in barley plants, due to
treatments, decrcased in the order sewage sludge > biogas > compost.
Therefore, it is necessary to use sewage sludge at a proper rate to
avoid this pollution. The compost and biogas manure are simple and
effective means to produce energy and clean organic manure for
cropping edible plants. Soils treated with sewage studge may be more
suitable for woody trees which may be economically of great concern.

Keyewords: Organic manure (Compost, Biogas and Sewage sludge),
Sandy soil, Barley plant, Lead ( Pb) , Cadmium (Cd ).

Treating the soil with municipal organic wastes is a potentially valuable resource
of essential macro and micro nutrients to plant, and it may aiso serves a good
natural soil conditioner due to its high consisting compounds of nutrients and
organic matter. Newly reclaimed desert lands are very poor soils in their
physical, chemical and biological properties and consequently its fertility which
may be improved by addition of organic wastes, However, repeating these
applications may cause hazard of some side effects on both the growing plants or
grazing animals and consequently human health.

Mahmoud ef al. (1982) showed that application of biogas manure increased
contents of mineral Pb and Cd in the barley grains.

According to Achtnich (1980), Pb and Cd present in sewage sludge are toxic
to plants, since they interfere with the work of some enzymes and may cause
lethargy effect on the embryos and metabolic process. Also, they may delay seed
germination and growth steps. Also, Schossig (1983) showed that compost
applied at 156 or 312 ton dry matter / ba to the upper 35 cm soil surface resulted
in good increase in yields of winter rye in the first year, and winter rape in the
second year, nevertheless, soil contained much increases in Cd and Pb. Otabbong
et al. (1997) showed the effects of sewage sludge application on NH, NO;
extracted Pb and Cd as well as metal uptake by barley in a sandy loam soil. They
conchuded that soil metals immediately determined after mixing the soil with
sewage sludge were markedly decreased their Pb levels, and substantial amounts
of residual Cd were stayed in the soils, regardless the significant of metal uptake
in straw and roots { P = 0.05 ) enhanced by sewage sludge applications.

Mineev et al. (2003) in a crop rotation system of barley studied the effect of
applications of 15 and up to 120 ton sewage sludge / ha where cadmiurn and lead
contents in the used sewage sludge were 80 and 120 mg kg'. The authors
conclude that prolonged application of sewage sludge led to the accumulation of
heavy metals at levels above limits of permissible concentrations both in and
below the plough-layer.

The aim of this work is to study the effected of different rates of organic

manures {compost, Biogas, and sewage sludge) added to sandy soil on the
content of Pb and Cd in barley plants.
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Material and Methods

A pot experiment was set up under green house condition using sandy soil
collected from desert so0il { about 25 km from Cairo a long the Cairo Suez road }.
The particle size distribution was 85.42, 7.50, 2.75 and 4.33 % for the factions
coars sand, fine sand, silt and clay, respectively giving a sandy textural class
according to Piper (1950). The organic wastes used in the current work were
compost (rice straw and farmyard manure at ratio 1:3, respectively was
incorporated 6 weeks before sowing barley). Biogos manure obtained from
Moshtohor Biogas Research Station and sewage sludge taken from El Gabal El
Asfar Shudge station. Chemical analyses of the tested manure (compost, biogas
and, sewage sludge) as will as the investigated soil are given in Table ! according
to Brummer & Wasner. (1987) Earthenware pots of 8 kg soil capacity were filled
up with the soil. Four replicates for each treatment were used and arranged in a
complete randomization design after mixing soil thoroughly with one of the rates
0.6, 0.5,1.0, 2.0, 30 and 4.0 % (dry basis) of each of the tested manures
(compost, Biogas and sewage sludge ). Ten grains of barley ( Hodiwn wulgar,
Giza 124 ) were sown in pots on 15/11/2003. The seedlings were thinned to only
5 plants per pot. Each pot received 1.5 g superphosphate, 1.5 g ammonium
sulphate and 2gm potassium sulphate before sowing. After 150 days from
planting, plants were cut one cm above the seil surface. plant material divided
into straw and grains, the plants were oven dried at 70° and dry weighed. Dry
grains and straw were ground and prepared for chemical analysis to determine
the content of Pb and Cd by wet digestion method { Jackson, 1967 ).

Available amounts of Pb and Cd in the soil samples were extracted using
diethyl en tryamin, penta acetic acid in (1, N) ammonium bicarbonate solution
(AB DTPA) according to Soltanpur & Schwab (1977). Contents of Pb and Cd in
barley plants were determined using an atomic absorption spectro photometer
{ Perkin Elemer, 2380 ).

TABLE 1. Chemlcal analysis for the tested manures and the investigated soil.

Fractions Compost | Biogas Sewage sludge | Soil
Ec mmhos/cm/25° 5.0 3.6 43 2.0
pH(1:2.5) ' 7.2 7.1 6.6 7.2
Organic matter 499 57.5 445 0.22
0C% 30.36 30.87 34.41 .
Total N% 1.5 1.7 3.0 .
C/N ratio 20.29 193 1147 -
Available Pb (mg kg™) 3.58 434 542 0.6
Available Cd (mg kg™") 1.2 1.4 1.55 0.02

Egypt. J. Soil Sci. 43, No. 3 (2005)
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Result and discussion
Soil heavy metals Pb and Cd '

Data illustrated graphically in Fig. 1 showed that AB-DTPA extractable Pb
increased due to application of organic manure and the increases progressed with
the rate of application. The average values of available Pb rangedfrom 0.15 to
2.58,2.75 and 7.55 mg kg'' in the sandy soil treated with 4 % of compost, biogas
and sewage sludge manures, respectively. The soil treated with sewage sludge
gave the highest of the AB-DTPA extractable Pb. Results are in agreement with
Touchton & Boswell (1975 } and El-Sebaey (2002) who found that the amounts
of extractable Pb, generally increased with sewage sludge addition rate. Gaynor
& Halstead (1976) found that sewage sludge application increased DTPA
extractable Pb 2 to 3 times, than that untreated.
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Fig. 1. AB-DTPA extractable Pb in the sandy soil as affected by the organic
manure applications.

The highest concentration of available Pb in the investigated soil was less
than 40 mg kg™ which reported as a maximum permissible limit for arable lands,
according to National Academy of Science ( 1972 ). Concentration of Pb in AB-
DTPA extraction was markedly increased due to the addition of organic manures
{ Fig. 1 ). Lead concentration tended to be highest due to the addition of sewage
sludge, moderate under biogas and lowest under compost addition. The increases
were progressive with increasing addition rates of organic manures up to the
level of 4.0 %. High significant in Pb extractable was 2 % application of sewage
sludge. These results are in agreement with the finding of El-Nennah et al.
(1982) and khalil {1990) who showed that contents of Pb in surface layer were

significantly in positive correlated with organic matter content (r = 0.914**), and
silt + clay content (r = 0.825%* ),

Data illustrated in Fig. 2 revealed that AB-DTPA extractable Cd from sandy
soil treated with compost; biogas or sewage sludge manure rates up to 4.0 %
were in the range of 0.02 0.37 mg kg under barley plants. These results
indicated that sewage sludge was the most effectwe organic waste in enriching
Egypt. J. Soil Sci. 45, No. 3 (2005)
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soil with heavy metals compared to the compost or the biogas manures (the latter
showed the lowest effect). Such trend of resuit may be attributed to the high
content of metal and rapid decomposition of sewage sludge compared to
compost or biogas and consequently the mineraliszation process of the different
heavy metals is expected to be highest with soil treated with sewage sludge and
lowest with compost. Also, the higher contents of Cd in sludge compared to
compost or biogas monure may account for the abovementioed trend which is
confirmed by the results of Anderson & Nilson (1973), who indicated that
application of sewage sludge to soil often resuited in significant increases in
toxic metal concentration of the soil.
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Fig. 2. AB-DTPA extractable Cd in sandy soil as affected by the organic manures
applications.

Application of organic manures (Fig. 2) showed a significant increase in
available Cd concentration in soil, the highest concentration resulted from sewage
sludge or biogas application such increases progressed and was more obvious with
increasing the application rate of organic manure up to 3.0 %, then a slight
ingignificant decrease or increase was occurred under the highest addition rate of
organic manure (4.0 %) as compared with the addition rote of 3.0 %. Touchton &
Boswell (1975); Wiltiams et al. (1980) and Abdel -Naim ef al. (1998) showed that
the metal levels determined immediately after mixing the soils with sewage sludge
were markedly increased. Otabbong ez al. (1997) and El-Sebay (2002) showed that
the values of available Cd in me rhizosphere of com or faba bean plants were
significantly increased by increasing sewage sludge application.

The highest Cd concentration was less than 1.0 mgkg™' which is considered
the maximum concentration permissible for arable lands according to National
Academy of Science (1972).

Dry matter yield of barley plants
Data presented in Table 2 showed that dry matter weight ( g pot” ), weight
of 100 grains (g) and plant height (cm) of barley plants as affected by application
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of compost, biogas or sewage sludge manure to the sandy soil were increased
over control. The increases were of the highest progressive with increasing the
addition rate of organic manure as compared with no addition treatment. The
positive effect of these organic manure on barley dry weight, weight of 100
grains and plant height was probably attributed to their ability to increase
microbial activity adding complexing agents to the soil and affecting the redox
status of soil and consequently changing the nutrients status that have oxidation-
reduction potential, e.g., Fe, Mn, Zn, and Cu ( Reisenauer, 1988 ).

The present finding was in agreement with that reported by Eskandar ( 2002 )
who found that sludge, biogas and city compost could serve as good organic
fertilizers to maximize crop productivity,

As shown mn Table 2, it is clear that the highest rate of organic manure (4.0 %)
showed a insignificant decrease in Dry weight, weight of 100 grains and plant
height as compared with the rate of 3.0 %, which is considered the optimum rate
for producing the highest dry matter yield, the inhibited growth of barley plants
caused by the higher rates of compost, boigas and sewage sludge may be due to
its higher content of heavy metals Cd and Pb or related to some interaction
between these elements and other clements in growth media. El-Sokkery et al .
{1988) reported that the influence of sewage sludge on crop yield has been found
to be variable and dependent on its elemental composition and application rate.

Rabie et al. (1997) found that seed yield of faba bean grown on a soil
received 2.5 % sludge was significantly increased. While slightly increase was
observed under the addition rate of 5.0 %, then declined progressively to reach
values below the control at level of 10.0 %.

Contents of Pb and Cd in barley planets

Concentration of Pb in both grain and straw of barley plants were markedly
increased due to the addition of organic manure (Fig.3 and 4), Lead concentration
tended to be the highest the value by addition of sewage sludge, moderate under
biogas and lowest values resulted from compost addition. The increases were
progressive with increasing addition rates of organic manures up to the highest
level of 4.0 %. The strow exhibited more accumulation than grains. Mohamed
(1991) found that application of dried sewage sludge to calcareaus and non-
calcareaus soils increased the concentration and uptake of Pb by alfalfa plants,
compared to control.

High significant increase in Pb concentration was observed for both grains
and straw of barley plants grown on the soil amended with organic manure
compared to that grown without organic manure. A similar trend was occurred
concerning effect of the applied rate of organic manure, increasing rate of the
applied manure caused an increase in Pb concentration, however these increases
were significant for grains and straw. Otabbong et al.(1997) and lur e al. (1993)
pointed out to the effect of sewage sludge application on soil NH4NO:-
exiractable Pb arid Cd as well as their uptake by barley plants they reported that
soil metal levels determiped immediately after mixing the soils with sewage
sludge were markedly increased. However, metal uptake in straw and roots was
significantly (P = 0.8) enhanced by sewage application.
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TABLE 2. Effect of some organic manurs on the dry matter yield of barley piant.

Treat_

Type of organic manure ( oM )

I;:I::fl: Compost|Biogas sz:::gg: Mean [Compost| Biogas szl‘::gg: Mean Com?osl Biogas sz:';gg: Mean
(%) Dry weight (g / pot) Weight of 180 grains (g ) Plant height {cm )
00 | 365 565 565 565 | 208 208 208 208 | 3530 3530 3530 353
0.5 | 845 924 982 907 | 256 3.07 317 293 | 4430 5010 50.60 48.33
1o | 1025 1099 1116 1078 | 298 339 323 320 | 4460 5330 5220 50.03
20 | 1070 1037 1160 10.89 | 340 319 328 329 | 5150 5400 53.60. 5303
30 | 1106 1256 1356 1248 | 350 366 384 366 | 5460 53.60 5850 5556
40 | 1013 1118 1L10 1080 | 344 338 341 341 | 5010 5160 5250 S14
Mean [ 938 1003 [ 1047 | 996 | 299 | 312 | 3.16 | 3.09 | 46.73 | 49.65 | 50.75 | 48.94
LSD OM=0.156 R=0.I1 OM=0163 R=N.S OM=0253 R=0.I79
at 5 % OM * R =0.148 OM*R=N.S OM *R =0.240

Note : 0.0 is no addition of organic manure.
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Fig. 3. Concentration of heavy metal Pb in barley straw as affected by the
organic manure applications,
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Fig. 4 . Concentration of heivy metal Pb in barley grains as affected by the organic
manure applications.

Compared to the soil not received organic manure, all organic manure
treatments increased markedly Cd concentration and its content in both straw and
grains with significant difference ( Fig. 5 and 6 ). What ever the find of manure
Chaney et al. (1975) showed that Cd and Pb concentration in barley increased
significantly with increasing rates of sewage sludge application.

Data showed that Cd concentration of barley straw gave the same trend of Cd
concentration grains plants were significant, such increases progressed and more
obvious with increasing the application rate of organic manure. Chang ef al.
(1982), on barley grown a sandy loam soil treated with 100 tons sludge/ha,
Egypt. J. Soil Sci. 45, No. 3 (2005)
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showed that the Cd content of grains was increased to 0.38 mg kg™ relative to the

control which was less than 0. 04mg kg’
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Fig. §. Concentration of heavy metal Cd in barley straw as affected by the organic
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Fig. 6. Concenti‘ation of heavy metal Cd in barley grain as affected by the organic

manure applications.

On the other hand, the average values of Pb and Cd concentration in barley
straw and grains varied according to type of the applied organic waste. The
sewage sludge resulted in the highest Pb and Cd concentrations in plant whereas
compost and biogas were of least effect. All the studied organic wastes resulted
significant higher uptake values than the untreated soil. These results in harmony
with those of Mineev ef al. (2003 ).

According to the safety limits of Pb (13.5 mg Kg"' ) pointed by Chapman
(1968}, barley straw and grains contained lower Pb concentrations than that
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limits where were not more than 13.20 and 7.18 mg kg™, respectively. Regarding
to the safety limit of Cd ( 1.0 mg kg™’ ) in barley straw and grains, respectively
which were also in normal range.

From the above mentioned results, it can be concluded that under this
investigation conciliation there were accurnulation of heavy metals Pb and Cd in
barley plants due to compost, biogas and sewage sludge treatments, coefficients
decreased in the order sewage sludge > biogas > compost. However, the levels
were within the permissible limits and below the toxic concentration as
previously recorded. Therefore it is necessary to use sewage sludge at a proper
rate to avoid this pollution. On the other hand, the compost and biogas manure
are simple and effective means to produce energy and used as clean organic
manure. Alse these manure would be free from pathogenic bacteria generally,
cropping edible plants grown on soil treated with sewage sludge should be
avoided, where, planting of woody trees may be economically of great concern.
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