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INFLUENCE OF TWO SEWAGE SLUDGE SOURCE ON PLANT GROWTH AND
NUTRIENTS UPTAKE

M.E. ELEwA, M.H. RaABIE*, A.Y. NEGM* AND M.F. ABDEL-SABOUR**

Faculty of Science, King Abdulaziz University, Saudi Arabia

(Received January 14, 1993)

The effect of dried sewage sludge from two sources (Suez and Giza governorates) on faba bean growing on
sandy soil followed by sorghum to test the residual effect of the sludge on it's growth and mineral content was studied
in a pot experiment, The results showed that, for faba bean, the number of nodules/plant, plant height and leaf area
increased significantly due to application of either Suez or Giza sludge up to 5%. The former sludge increased the
yield not up to 5% while the latter gave only 2.5% increase. Data also revealed that shoot and root dry weights of
sorghum plants significantly increased by Suez and Giza sludge by 7.5 and 5% respectively. The higher rate (10%) of
Giza sludge inhibited root growth. Nitrogen and P contents increased by either sludge application. Zn and Cu con-
tents of roots and shoots increased by increasing the rate of Suez sludge, while Fe, Mn, Ni and Cr contents of roots
were slightly affected and they remained unchanged in the shoots. Giza sludge applications caused progressive
increase in most of heavy metals in sorghum plants specially Cr. According to the Zn equivalent, the maximum rate
of dried sludge to be added to the soil is 78.13 tons/fed for Giza sludge and 160.25 tons/fed for Suez sludge before the
safe limits are exceeded. The addition may be divided over long period.
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Introduction

The response of crops to sludge application varied with
the source of sludge, rate of addition, plant species, soil type,
weather condition and management practices. Numerous
studies have shown the value of sewage wastes as a plant
nutritive amendment for agricultural soils in Egypt [1-5].
El-Keiy [1] found that fresh weights of wheat and faba bean
increased with increasing the amount of added sludge till 50
g/kg soil. Rabie [3] and Eid [2] found that sewage sludge (up
to 15 tons/fed) increased the dry weight of faba bean plants.
Mays et al. [6] showed positive yield response to the annual
appliction of sewage sludge and municipal refuse at rates up
to 143 tons/ha for forage sorghum and 112 tons/ha for corn.

Experiments of Kelling et al. [7] showed reductions in
forage yields of sorghum following sludge applications at
the rates of 30 and 60 tons/ha.

In pot experiment Bolten [8] found that addition of sludge
(up to 8%) to acid soil increased rye grass yields, probably as
a result of N released by mineralization; 12% sludge rate
decreased yields. Also, he reported that more than 350 ppm
Zn, 160 ppm Ni and 40 ppm Cu in the grass dry matter were
associated with lowered yields. On the other hand, the treat-
ments had no effect on Cr and Pb concentrations in the grass.
Chaney et al. [9] demonstrated that concentration of Zn, Cd,
Cu and Mn in soybean leaves increased as rates of sludge
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increased while Pb decreased and Ni remained unchanged.
Assuming that Cu is twice toxic and Ni is eight times toxic
as Zn (Chumbley [10]), the amounts of these metals added to
soil (pH 6.5) should not exceed 250 ppm Zn equivalent in a
30 years period.

The present work is trial to evaluate influence of differ-
ent rates processed sewage sludge produced in municipal
sewage stations in Giza (Abu Rawash) and Suez governor-
ate, on the growth of faba bean and sorghum grown on sandy
soil and sorghum content of some macro and micro-elements
in order to evaluate any toxic or hazardous effects of the ac-
cumulating elements in the test plants particularly those ab-
sorbed from the sludge & thus recommending the optimum
levels of sludge manuring.

Materials and Methods

A pot experiment was set up under greenhouse condi-
tions using sandy soil collected from Ismailia Agricultural
Research Station Farm. Erthen ware pots of 8 kg capacity
were filled with the soil with 4 replicates for each sewage
sludge level in order to have 10-12 replicate plants for each
treatment which represent the least number of replicates for
appropriate statistical analysis. Municipal sewage sludge from
Giza (Abu-Rawash station) and Suez, were mixed thoroughly
with the sample soil at the rate of 0, 25, 50, 75 or 100 g/kg
soil. Chemical analysis of the tested sewage sludge are given
in Table 1. Each pot received 15 g Ca-superphosphate, 1.5 g
ammonium sulphate and 2 g K-sulphate hefore sowing. Faba
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TABLE 1. CHEMICAL ANALYSIS OF SEWAGE SLUDGE UNDER
INVESTIGATION.

Sludge location

Fractions Suez Giza

Ec(1:5) mmhos/cm/25C 4.8 3.7

pH (1:2.5) 6.8 6.7

Moisture (%) 6.0 5.5

Organic matter (%) 35.6 52.6

Total element (in digested sludge)

N (%) 12 1.8

P (%) 0.082 0.090

K (%) 0:157 0:172

Na (%) 0.343 0.111

Fe (%) Sl 2.2

Mn (ppm) 165.0 325.0

Zn (ppm) 1000.0 1300.0

Cu (ppm) 290.0 390.0

Ni (ppm) 110.0 140.0

Cr (ppm) 50.0 2000.0
Available elements (DTPA) extractable, ppm

N - 464 104

B - 106 114

Fe - 170 = 110

Mn - 14 38

Zn - 280 320

Cu - 35 40

Ni - 5 10

Cr - 0.50 1.50

Zn - equivalent (ug/g) 1560 3200

Sludge added (ton/fed) 160.26 78.13

bean seeds (Giza 2) were sown and thinned to 3 seedlings
per pot after 15 days of sowing. After 40 days from sowing
the number of nodules and branches/plant, leaf area and plant
height were recorded. Grain yield/pot also recorded at
maturity.

To study the residual effect of the sewage sludge, sor-
ghum seeds (Giza 114) were sown in the same pots, receiv-
ing 5g urea, 2g Ca-superphosphat and 2g K-sulphate per pot
and thinned to 10 seedlings/pot after 15 days of sowing. The
plants were harvested after 50 days from sowing and divided
into shoots and roots which were dried at 70°C and weighed.
Dry matter of shoots and roots were ground and prepared for
chemical analysis to determine their content of Fe, Mn, Zn,
Cu, Ni and Cr by wet digestion methods using the atomic
absorption spectrophotometer. N and P contents were deter-
mined as described by Jackson [11].

Results and Discussion
Influence of sewage sludge application on faba bean
growth. Table 2 shows that the mean values of number of
branches/plant, leaf area, plant height and number of nod-

TABLE 2. YIELD AND SOME GROWTH CHARACTERS OF FABA
BEAN AS AFFECTED BY SOURCES AND RATES OF SEWAGE SLUDGE.

Treatment No. of Leaf Plant No.of  Seed
branches/ area. height nodules/ yield
plant (cm?)  (cm) plant (g/pot)

Control ‘ 2.57 6.70 41.3 1050 5.5

Suez sludge (%)

2.5 2.90 9.7 52.0 1427 6.8

5.0 2.97 8.4 54.0 160.3  7.6*

7.5 2,67 8.2 50.0 103.3 6.2

10.0 2.67 6.9 46.6 92.3 6.0

Giza sludge (%)

2.5 2.67 8.5 46.3 118.3 6.2*

5.0 2.90 8.2 54.0 108.3 .. 5.3

7.5 2.40 7.2 46.1 36.7 52

10.0 2.03 6.1 35.0 30.0 4.3

LSD at 5% Ns Ns Ns Ns 0.98

Ns = non significant

ules/plant increased by Suez and Giza sludge application to
5% level, then slightly decreased or even declined by raising
the sludge level to 10%. It was also noticed that seed yield
significantly increased by 5% Suez sludge and 2.5 of Giza
sludge application. Further increase in sludge level decreased
on faba bean yield, compared with the control treatment. The
inhibited growth of faba bean caused by the higher rates of
Giza sludge may be due to its higher content of heavy metals
especially Cr, Ni and Cu. Similar results were also obtained
by other authors [1-3].

Dry weight and elemental composition of sorghum plants.
Table 3 shows that shoot dry weight of sorghum plants sig-
nificantly increased by both sludge at the tested rates com-
pared with control probably as a result of N and p released by
mineralization, but it decreased by increasing both sludge
more than 7.5%.

The same trend was also observed on root dry weight
and the higher rate of Giza sludge (10%) inhibited root growth
compared with control. The inhibition of root growth may be
attributed to the excess of Zn, Cu, Ni and Cr concentrations
in tissue roots as as a result of addition of higher rates of
Giza sludge. In general, application of sewage sludge, till
5% increased significantly the N contents of shoots then de-
clined by further rise of Giza sludge. Nitrogen content of
roots also increased by increasing the sludge rate up to 5%
Suez sludge and upto 7.5% for Giza sludge then declined.
Similarly P content of plants (organs) increased with increas-
ing the rate of either sludge up to 5%. The increase of shoot
or root N and P could be attributed to the increase of their
availability in soil following sludge applications.

Table 3 further shows that Zn and Cu contents of shoots
and roots significantly increased by increasing the rate of



36 M.E. ELEiwa, M.H. RABIE, A.Y. NAGM AND M.E. ABDEL-SABOUR

TABLE 3. SHOOT DRY WEIGHT AND MINERAL CONTENT OF
SORGHUM AS AFFECTED BY SEWAGE SLUDGE.

Dry weight
Treatment (g/pot) N P Fe Mn Zn  Cu N Cr
% ppm
Shoots

Control 13.8 L 18698 ° 350" 33.3 283" 6.7. 4.5 0S5
Suez sludge (%)

2.5 2171 145886, - 366® 31.7 4F0R6.7 4 .50 (.5
5.0 20.8 1.654922 = 400 3500 719233 40 035
&S 222 1659720 350 33.3. 950" 13.3 ‘42 05
10.0 19.7 1.75 662 -216 " 350" 83.3 15:0% 525505
Giza sludge (%)

2i5 155 1.72, 762 366 ..25.0 30i0:150 45 0.5
5.0 19.8 1.87 1064 516 .25/0 103:3:18.3 "11.7 0.5,
75 19.5 175 815 550- 23.3 1067 150 233 0.5
10.0 17.3 1:57 648 333 7:25.0: 1103:3°15.0 .36.7-°0:6
LSDat5% 1.8 0.16 82 88 7.0 165 SO HITENS

Roots

Control 15:5 0:50...392, .. 12533 ,86.7. .551,25.0.:8.7:+ 22
Suez sludge (%)

2.5 3.7 0.52 472 3000 93.3 131 50.0 183 23
5.0 33.9 093 711 2866 93.3 200 683 46.7 25
75 18.7 0:80'':356 128331017256 ‘817 '8.3* 25
10.0 16.0 0.73::258 " +i2733::101:7:333.7140/06.7 £22
Giza sludge (%)

2.5 16.2 07279705"2733-96.7 2237 950" 2177. 653
5.0 19.1 093 843 3100 100.0 310 115.018.3 713
T8 17.9 1.00 461 3366 110.0 400 151.7 6.7 776
10.0 13.2 0.60 444 3566 105.0 413 161.7 36.7 856

LSDat5% 2.6 023 77 456 ¢13.2 1315 1516.2 %8i5*= 58

sludge. It could be concluded that the root is an accumulator
of these metals since higher concentrations of both metals
were detected in roots than shoots specially at higher rates.
On the other hand Fe, Mn and Cr contents of the roots were
slightly affected while they remained unchanged in the shoots,
but Ni was significantly increased in roots at higher rates of
sludge and remained unchanged in shoots. These results are
in agreement with those obtained by other authors [3,5,9].
As well as Zn, Cu and Ni concentrations in sorghum
shoots and roots progressively and consistently increased by
increasing the rate of Giza sludge application and the roots
record more accumulation than shoots. On the other hand,
Mn and Cr content of shoots remained unchanged by Giza
sludge rates while roots contents of Mn and Cr were greatly
increased by increasing the sludge rate specially Cr which
accumulated progressively in the roots than any other ele-
ment. also there wa; a significant increase in Fe content in
the toots and in some trcatments of shoots, there was signifi-
cant decrease in Mn content in shoots. This can be explained

by the activity of microorganisms in the rhizosphere which
can use iron and manganese oxides as electron acceptors for
their metabolic activity (synthesis of ATP). The high content
of heavy metals in the roots, specially the higher rates of
Giza sludge, was associated with visual symptoms of phyto-
toxicity such as yellow leaves and blackening of buttress roots.

Table 4 and 5 show the relative amount between min-
eral uptake by shoots and roots of Sorghum and soluble or
insoluble elements in sludge. The amounts of elements up-
take increased with increasing of these elements in soil.

It is clear from these results that the plants are most
affected by Zn, Cu, Ni and Cr, It could be concluded that
using sludge collected from Giza (Abu-Rawash) had some
disadvantages. The primary disadvantage is high level of
heavy metals (i.e Zn, Cu, Ni and Cr) and other toxic inor-
ganic compounds in sludges. Since the sludge is often pro-
duced under anaerobic conditions, reduced forms of these
elements may be present in the soil and become readily avail-
able to plants.

With respect to the phytotoxicity as a result of sludge
application, a general statement about the relative toxicity of
three metals was observed, that Zn was the least toxic [10],
while Cu was twice and Ni was eight times as toxic as Zn.
Zinc equivalent has been calculated according to their rela-
tive toxicity in sludge, thus: Zn-equivalent = (1 x Zn) + (2 x
Cu) + (8 x Ni) pg/g dry matter of sludge. It has been recom-
mended that a total of 250 pg Zn-equivalent /g soil is the

TABLE 4. RELATIVE AMOUNT BETWEEN MINERAL UPTAKE IN
SorcHumM AND SOLUBLE ELEMENTS IN SLUDGE.

Mn Zn Cu Ni Cr

Treatment N P Fe

Suez sludge (%) Shoots

2.5 3125 8.36 +:2:152.26::+0:141.:0:19: -10.90"" 1.0
5.0 3556 870 235 250 025 066 080 1.0
7:5 3556 6.79 2.06 238 . 033 . 038, 084 10
10.0 3772 625 127 250 ' 029 042 .104 10
Giza sludge (%)

p . 16538 6.68 333 065 0.15 037 045 033
5.0 179.81 933 469 065 032 045 1.17 033
75 16823 7.15 500 061 033 037 233 0.33
10.0 15096 568 3.03 0.65 032 037 3.67 040
Suez sludge (%) Roots

2.5 11.21 445 1765 666 046 142 366 46
5.0 20.04 671 16.86 6.66 071 195 934 50
7.5 1724 336 16.66 7.21 091 233 1.66 50
10.0 1573 243 16.08 7.21 1.18 400 134 44
Giza sludge (%)

2.5 69.23 6.18 24.85 255 069 237 217 4353
5.0 89.42 7.40 28.18 2.63 096 2.87 1.83 4753
7:5 B 96.15 4.04 3060 290 125 379 067 5173
10.0 57.:691:3.90: 132.42:2.76 - 1,29 +4.04:73.67"'570.7
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TABLE 5. RELATIVE AMOUNT BETWEEN MINERAL UPTAKE IN
SORGHUM AND INSOLUBLE ELEMENTS IN SLUDGE.

Treatment N P Fe Mn Zn Cu Ni Cr
Suez sludge (%) Shoots

2:5 125 124 007 021 0.05 .02 0.04 0.01
5.0 143 129 007 023 001 .09 0.03 0.01
s 143 1.00 0.06 022 013 .05 004 0.01
10.0 1.51 092 . 0:04 023 011 .05 0.05:001
Giza sludge (%)

2.5 096 096 0.16 0.08 0.05 0.04 0.03 0.00
5.0 105 1.35, 023 0.08 ..0.10:..005:-.0:09:770.00
7.5 098 1.03 025 0.08 0.10 004 0.17 0.00
10.0 0.88 0.82 0.15 0.08 0.10 0.04 028 0.00
Suez sludge (%) Roots

2.5 045 066 059 0.61 0.18 0.19 0.17 046
5.0 0.80 . 099 0.56 061, .027.20.26: 044: 050
T8, 0.69 049. 0.55 067 035 032 007 ..050
10.0 0.63 036 053 0.67 046 054 006 044
Giza sludge (%)

2:5 040 -0.89 . 124. 033, i0:22..-0:27 {0464 0:32
5.0 0527107 141 034 . 031 .0:32._ 0:14.5.0:35
7% 0:56 0.58 “1.53 038 040 043 005 038
10.0 033 056 1.62 036 042 046 028 042

maximum range which can be safely added to the soil over a
period of 30 years. On this basis, the maximum rate of sludge
to be added to the tested sandy soil is 160.26 tons of Suez
sludge/feddan and 78.125 tons Giza sludge/feddan before the
safe limits are exceeded. In this connection, the maximum
rate of Abu-Rawash (Giza) sludge to be added to the soil is
88.7 tons/fed [4]. The addition may be divided in small por-

tions over long period.
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