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ABSTRACT 
 

Field experiments were conducted to evaluate the effect of using sewage 
sludge as organic fertilizer on different yield parameters of Vicia faba. Sewage sludge 
treatments rate were 0, 10, 20, 30, and 40 ton/Fed were applied to the soil in three 
successive additions during 1999-2001. Different rates of residual and repeated 
application of sewage sludge increased heavy metals concentrations in the soil before 
sowing and after harvesting of Vicia faba. Sludge treatments did not affect some yield 
parameters of Vicia faba (Giza461), but, affected mature plant height and number of 
tillers/plant which increased or decreased at different treatments of sludge. The seed 
index and fresh and dry weights of shoots and roots were increased. The number of 
seeds/pot recorded the highest value by 10 ton/Fed of the residual one addition. The 
lowest value was obtained at 20 ton/Fed two additions. Also, sludge treatments 
increased mature plant height, seed index, seed density, the number of nodules/plant 
and fresh and dry weights of nodules of Vicia faba (Giza 461 and 77) except at the 
highest treatment of two addition and three additions. Generally, it decreased nodules 
efficiency percentage.  In the same time, the percentage of ineffective nodules was 
increased in case of Vicia faba (Giza 461). However, in case of Vicia faba (Giza 77) in 
the percentage of effective nodules after 30, 45, and 75 days from sowing was 
increased except at the high sludge rates of cumulative three additions after 30 and 
45 days. In the same time, the percentage ineffective nodules were increased after 30 
and 40 days at the highest sludge rates. In addition the percent of nodules which have 
low efficiency was higher than the percent of high ineffective. The rate of root growth 
of Vicia faba (Giza 77), after all sludge treatments, recorded lower values than the 
control except those of 10 and 30 ton/Fed residual one addition. The root tolerance 
index increased by sludge treatments. The sludge treatments increased the mean 
mitotic index and those of cumulative three additions treatments were higher than that 
of residual one addition treatment. Sludge treatments included a number of 
abnormalities in all mitotic phases and non dividing cells of Vicia faba (Giza 77). The 
percentage of abnormal cells increased by cumulative three additions treatments than 
the residual one addition treatment. 
Keywords:-sewage sludge, heavy metals, chloropyll, nodules, seed characters, 

chromosomes, vicia faba 
 

INTRODUCTION 
 

Wastewater sludge produced by sewage treatment plants are 
represented as a good source of macro elements and microelements and 
generally contain a high quantity of organic matter. Their application in 
agriculture translates into improved soil fertility, Maguire et al. (2001). 
Although the recycling of sludge is an attractive alternative, its use often 
brings about certain risks to the environment caused by accumulation of 
heavy metals and toxic organic compounds and potential contamination from 
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pathogenic organisms. Heavy metal such as Cd, Cu, Ni, Zn, and Pb may also 
be among the common contaminants found in sludge, and significant 
accumulation of these metals in food crops may result in potential health 
problems for the consumers. Also, the release of these metals in biologically 
available form as a result of human activity may damage or alter both natural 
or man made ecosystems (Show and Chadwick, 1999).   

Antoniadis and Alloway (2002) studied the effect of application of 
sewage sludge at rates 0, 10 and 50 t/ha on the uptake of Cd, Ni, and Zn and 
reported that sludge applications significantly increased the extractability of 
metals and also their uptake by ryegrass.  

Also,Heavy metals toxicity may affect growth, morphology, and 
biochemical activities of microorganisms. Ibekwe et al. (1996) reported that 
white clover grown in metal contaminated, biosoilds-amended soil exhibited 
reduced yeilds and N content. Nodule isolates from the plants were 
demonstrated to be ineffective in N2 fixation. Variations in effective-Rhizobium 
population size were apparent in relation to sludge application rate and type, 
heavy metal concentrations, and soil pH. Obbard, (2001) reported that in soils 
which had received metal-spiked sludge at the lower application rate and high 
pH soil, their population was reduced by 42% compared to its equivalent non-
spiked sludge treatment. In the low pH soil this effect was even more sever.  

Plants have been the material of choice to study the cytotoxic and 
mutagenic effects of metals and can provide a good system for studies 
related to environmental monitoring (Fiskesjo, 1988). The effects of Cd at 
different concentrations (0.5-20 PPm) on root growth, cell division and 
chromosomal morphology of Hordeum vulgar were studied by Zhang and 
Yang, (1994) and found that the rate of root growth and mitotic index 
decreased progressively with increasing cadmium andcaused mitotic 
irregularities comprising c-mitosis, anaphase bridges, breaks stickiness, 
lagging and vagrant chromosomes and micronuclei. The intensity of the toxic 
effects is basically dependent on the cadmium concentration and duration of 
treatment. Amin. (2001) found that increasing sludge rates increased total 
aberrant pollen mother cells in immature young male tassels at the booting 
stage in maize causing drastic changes in both spindle apparatus and 
centromeres. Therefore, the reduction of heavy metals from sewage sludge, 
before using it as biofertilizer is required  to decrease the rate of gene 
mutation and chromosomal abnormalities. 

According to the general consensus about the importance of 
mutaginicity   testing of environment sample, the determination of the 
genotoxic potential of wastewater sludge could provide important information 
about sludge quality and thus contribute to proper decision – making process 
for the proper treatment and use of sludge (Show and Chadwick, 1999).   

In order to increase accuracy and reduce environmental risks, an 
evaluation of the bioavailability of metals to the plants and the heavy metal 
content in soil solution and ground water is necessary. Therefore, 
assessment of the degree of its solubility in water is important.  

The goal of this work was to compare the efficiency of different doses 
of sludge as residual or cumulative treatments on heavy metal concentrations 
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in soil and Vicia faba plant, and their effects on DNA and some yield 
parameters of Vicia faba plant.  

 

MATERIALS AND METHODS 
 

Field experiments were carried out at Agriculture Research Station of 
the Faculty of Agriculture, Alexandria University at Abis area during the 
period (1999 - 2001). The soil of the station is calcareous lacustrine.  
  Soil Physical and Chemical Properties 

Soil samples (0-20cm) were collected, air dried, ground, passed 
through 2-mm sieve and stored in polyethylene bags for analysis. The 
physical and chemical characteristics of the soil were determined according 
to Page et al. (1982) and are presented in Table (1). 
 
 Table 1: Some chemical characteristics of the experimental soil  

Soil charact.  AB-DTPA 

 *EC dS m-1 0.68 K     mg kg-1 114.0 

 *pH  7.60 Fe    mg kg-1 3.47 

 Clay gkg-1 455.00 Zn    mg kg-1 2.31 

Sand gkg-1 418.00 Mn   mg kg-1 6.20 

 Silt gkg-1 137.0 Cu    mg kg-1 1.70 

CaCO3 gkg-1 152.00 Pb    mg kg-1 1.75 

 O.M gkg-1 10.70 Cd   mg kg-1 0.07 

 TKN gkg-1 1.36 Ni   mg kg-1 0.39 

 AB-DTPA-P mg kg-1 33.60 Cr   mg kg-1 0.15 
 * EC and pH in water extract (1: 2.5 ).               3TKN= total Kjeldahl nitrogen 
 

Composted sewage sludge was collected from Site 9N Alexandria 
General Organization of Sanitary Drainage (AGOSD) in February, 1999. The 
chemical composition of the used sewage sludge is summarized in Table (2). 
 
Table 2. Some chemical characteristics of the sludge used. 

Sludge charact.  AB-DTPA mg kg-1 

*EC, dSm-1 5.05 Zn 812 

*pH 7.20 Mn 160 

CaCO3, % 10.20 Cu 475 

OM., g kg-1 435.00 Pb 170.30 

TKN-N, g kg-1 21.60 Cd 8.05 

TP, g kg-1 5.40 Ni 108.04 

TK, g kg-1 1.60 Cr 118.06 

TFe, g kg-1                                             160.80   
*EC and pH in water extract (1: 2.5 ). 

 
Experimental Layout 

Before starting the experimental study, the sewage sludge was 
incorporated within the upper 20 cm of soil at the rates: 0, 10, 20, 30, and 40 
ton/Fed on March 99 and planted with Zea mays. After Zea mays harvest, 
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each plot was divided into two subplots, the first subplot received second 
sludge addition at the rate of 0, 10, 20, 30, 40 ton/Fed while, the second 
subplot did not receive any application to compare between the residual and 
accumulation effect on Vicia faba. Vicia faba Giza 461 was sown in the same 
soil following the Zea mays on November, 1999-2000. On July, 2000 another 
study using Zea mays was grown following Vicia faba Giza 461 on the same 
soil without any additions. In the following year ( 2000-2001 ) a third 
experiment was conducted using Vicia faba, (Giza 77) on the same soil but 
the subplot which have the second sludge addition were received the third 
sludge addition at the same rates. 

Split plots design was used and each plot had six rows. The 
experimental plot unit had area of 20 m2. All the other cultivation practices 
commonly used in the region have been carried out. 
Soil Sampling and Analysis 

Surface soil samples were collected (0-20cm) from each plot, just 
before cultivation and after harvesting. These soils were air-dried, ground, 
passed through 2 mm sieve and stored in polyethylene bags for analyses. 
The concentrations of AB-DTPA (Ammoniun Bicarbonate-diethylene 
triamine- pentacetic acid) extractable heavy metals were determined using 
Atomic Absorption  Spectrophotometer   (Parken Elmer model 3300) as 
described by  Soltanpour and Schwab (1977). 
Sampling and Plant Analysis 

Mature plant samples of Vicia faba (Giza 461) were collected. In 
case of Vicia faba (Giza 77) plant samples were collected after 30, 45, and 
75 days of sowing from each plot. Also, seeds from each plot were sampled, 
washed with distilled water, oven dried at 70° C, then stored for analysis. The 
oven-dried plant materials were homogenized and wet digested (FAO, 1980). 
Chlorophyll Estimation in Vicia faba (Giza 77) 
The seventh leaves were collected, washed, and air-dried. The concentration 
of Chlorophyll a and b was determined according to Inskeep and Bloom 
(1985).  
Morphological Measurements  
a- Vicia faba (Giza 461) 

After 4 weeks of planting, seedling height and number of tillers per 
plant were determined. At maturity seven characters were recorded: plant 
height, seed index (100 seeds weight), number of seeds/pod, number of 
sterile and fertile seeds / pod, seed color and hilum color. Seed density was 
calculated by dividing the weight of 10 seeds by its volume (Kharkwal and 
Chaudhary, 1997).  
b- Vicia faba (Giza 77) 

Fifteen seeds were sown in treated soil samples. Root length of five 
replicates per treatment, rate of root growth per day, and root tolerance 
index, (Wierzbicka, 1999) were calculated. At maturity plant length and 
productivity (plant height, pod length, seeds/pod, seed index, and seed 
density, nodules number and activity) were recorded. 
Cytological Studies Using Vicia faba (Giza 77) Test  

Seeds of Vicia faba, (Giza 77) were germinated in sewage sludge 
treatments in order to determine the mitotic index in addition to mitotic 
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distribution using three replicates of carbol fuschsin stained root tips. Also, 
abnormal dividing cells (ADCs) and non dividing cells (ANDCs) were 
calculated. The different kinds of aberrant nondividing cells were restricted as 
micronuclei (one or more). While the kinds of aberrant dividing cells were 
classified as: chromosome stickiness, laggards, c-metaphase, disturbed 
chromosomes, bridges, fragments and micronuclei. 
Statistical Analysis 
 The analytical and morphological variations were evaluated by 
applying the analysis of variance and least significant differences test, using 
COSTAT program. 
 

RESULTS AND DISCUSSION 
 

I-Effect of Sludge Treatments on Heavy Metals Content in Soil 
1. Residual one addition effect 

Before cultivation of Vicia faba (Giza 77), the results in Table 3 
indicated that the AB-DTPA extractable Zn, and Cd increased significantly 
with increasing sludge application rates. However, the amounts of ab-DTPA 
exractable Cu and pb increased markedly but not significantly. Similar results 
were obtained by Darmody et al. (1983); Cambreco et al., 1996: Tsadilas et 
al., (1995) and Ashworth and Alloway (2004). 

After Vicia faba harvesting, Table (3) represented that the increasing 
of sludge rates increased AB-DTPA extractable Zn and Cd. However, the 
concentration declined at 10 ton/Fed and 30 ton/Fed for Cu and Cd 
respectively. This may be due to mobility of these metals with dissolved 
organic matter (DOM).  
 
Table 3: The concentrations of AB-DTPA extractable heavy metals 

(mgkg-1)in the sludge amended soil planted with Vicia faba 
(Giza 77) before sowing (21 months from 1st add.) and after 
harvesting (25 months from 1st add.). 

Treatment (ton/Fed) Cont. 10 20 30 40 

Before sowing  Cu 10.17 a 10.80 a 11.62 a 10.80 a 11.88 a 

Zn 3.09 b 2.71 b 3.59 b 4.70 ab 5.81 a 

Cd 0.16 b 0.00 c 0.00 c 0.36 a 0.18 b 

Pb 4.63 a 4.33 a 4.94 a 4.58 a 5.92 a 

After harvest  Cu 9.70 a 9.21 a 10.01 a 10.11 a 10.23 a 

Zn 2.47 b 3.41 b 3.83 a 5.25 a 5.49 a 

Cd 0.10 c 0.30 b 0.30 b 0.00 c 0.48 a 

Pb 3.98 a 5.22 a 5.47 a 5.62 a 5.44 a 
Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 
1st add.: the first addition of sewage sludge. 

 
2. Cumulative effect of three additions  

Before sowing and after harvesting of Vicia faba (Giza 77), Table (4) 
indicated that AB-DTPA extractable Cu did not respond significantly to sludge 
applications, whereas, extractable Zn, Cd and Pb increased significantly. 
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These results were in agreement with Andersson and Nilsson (1976); 
McBride et al., (2000); and Sherif et al., (2000) and Granto et al. (2004).  
 
Table 4: The concentrations of AB-DTPA extractable heavy metals 

(mgkg-1)in the sludge amended soil planted with Vicia faba 
(Giza 77) before sowing (20 months from 1st add.+12 months 
from 2nd add.+8 days from 3rd add.) and after harvesting (25 
months from 1st add.+17 months from 2nd add.+5 months 
from 3rd add.). 

Treat. (ton/Fed) Cont 10 20 30 40 

Before 
sowing  

Cu 10.17 a 11.55 a 11.06 a 11.23 a 12.07 a 

Zn 3.09 c 5.02 b 6.78 b 6.17 b 11.66 a 

Cd 0.16 c 0.32 c 0.84 b 0.54 c 1.14 a 

Pb 4.63 c 7.31 b 7.24 b 6.99 b 10.81 a 

After 
harvest  
 

Cu 9.70 a 7.11 b 11.19 a 11.13 a 10.38 a 

Zn 2.47 b 2.74 b 5.25 a 6.59 a 5.08 a 

Cd 0.10 b 0.00 c 0.70 a 0.74 a 0.18 b 

Pb 3.98 b 3.46 b 7.15 a 6.98 a 5.86 a 
Means within a column with same letter are non-significantly different at 5% level 

according to Duncan´s test. 
1st add.: the first addition of sewage sludge.           2nd add.: the second addition of 

sewage sludge.  
3rd add.: the third addition of sewage sludge 

 
II-Effect of Sludge on Heavy Metals Content in Plant 
1. Residual one addition effect 

Table (5) showed that the concentration of Cu was decreased 
significantly in leaves of Vicia faba in all sludge treatments but the decrease 
was insignificant in seeds. This result is similar to that reported by Tiffany et 
al. (2000) for bahiagrass. Zn concentrations in leaves were increased 
significantly by the application of sludge rates up to 20 ton/Fed. However, the 
concentration of Zn in seeds reduced significantly with sludge rate of 10 
ton/Fed, then increased significantly at 20 ton/Fed. Similar results were 
obtained by Antoinadis and Alloway 2002; and Martinez et al. 2003.  
 
Table 5: Heavy metals concentrations (mgkg-1) in leaves  and seeds 

of Vicia faba (Giza 77)  
Treat.(ton/Fed) Cont. 10 20 30 40 

Leaves  
 

Cu 12.31 a 11.88 a 9.55 b 10.98 a 7.93 b 

Zn 41.78 b 38.48 c 51.07 a 43.54 b 41.67 b 

Cd nd nd Nd nd nd 

Pb 1.00 b 1.00 b 1.00 b 9.00 a 1.00 b 

Seeds Cu 10.79 a 10.01 a 9.04 a - - 

Zn 34.00 b 31.39 b 39.39 a - - 

Cd nd nd nd - - 

Pb nd nd nd - - 
Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 
     - missed data.         nd.: Not detected 
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The Cd concentration in leaves and seeds were not detected with all 
sludge application rates, while, Pb concentrations in leaves were increased 
by increasing sludge rates. Chaney (1988) found that the concentration of Pb 
from sludge does not raise plant concentration unless it is very high. The 
concentrations of Pb in seeds did not respond significantly to sludge addition 
rate and were not detected 
2.Cumulative effect of three additions  
Table (6) showed that Cu concentration in leaves was significantly influenced 
by sludge application rate, while it was not influenced significantly in seeds. 
The reduction of Cu in leaves and seeds of Vicia faba may be due to 
chelating of Cu by the high content of organic matter derived from cumulative 
sludge application (Shorrocks, 1984) or to accumulation of Cu in roots than in 
shoots.  
Concentration of Zn in leaves influenced significantly by sludge application 
rates. Similar results were obtained by Baham and Sposito, (1994), and 
Gaskin et al. (2003) However, the concentration of Zn in the seeds declined 
significantly at 10 ton/Fed sludge rate compared with control.  
 
Table 6: Heavy metals concentrations in leaves (mgkg-1) (22 months 

from 1st add.+14 months from 2nd add.+2months from 3rd add.) 
and seeds  of Vicia faba (Giza 77) plants  

Treat.(ton/Fed) Cont. 10 20 30 40 

L
e

a
v

e
s

  

 

Cu 12.31b 15.41 a 11.70 b 9.49 c 12.87 b 

Zn 41.78 c 47.53 b 41.87 c 47.98 b 63.16 a 

Cd nd nd nd nd nd 

Pb 1.00 c 6.00 a 2.00 c 4.00 b 2.00 c 

S
e

e
d

s
  

 

Cu 10.79 a 0.00 c 11.05 a 8.78 a 6.50 b 

Zn 34.64a 25.53 b 34.56 a 32.04 a 33.43 a 

Cd nd nd nd nd nd 

Pb 0.00 d 2.20 b 1.00c 3.00 a 0.00 d 
Means within a column with same letter are non-significantly different at 5% level 

according to Duncan´s test. 
1st add.: the first addition of sludge.                     2nd add.: the second addition of 

sludge. 
3rd add.: the third addition of sludge.                    nd.: Not detected  

 
Concentrations of Cd in leaves and seeds of were not influenced 

significantly by sludge rates. However, Pb concentration in leaves increased 
significantly with increasing sludge rates. The 10 ton/Fed treatment recorded 
the highest concentration content in grain compared with the other 
treatments. Also, the concentration of Pb increased significantly in seeds with 
increasing sludge rate.  
III. Effect of Sludge on Plant Yield and Nodule Formation  
a- Vicia faba (Giza 461) 

All sludge treatments decreased the height of 30 days old plant, while 
the residual treatments of 10 and 30 ton/Fed and of two additions of 10 and 
20 ton/Fed increased the mature plant height (Table 7). Generally, the 
number of tillers per plant decreased significantly at 20 and 40 ton/Fed 
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residual one addition and at 30 ton/Fed cumulative two additions giving the 
mean 7.81 for residual treatment and 8.75 for the two applications 
treatments. 

Values of main pod length and seed density showed no significant 
difference among the different treatments and the control. However, the 
number of seeds per pod recorded the highest value by 10 ton/Fed of the 
residual one addition while the lowest value recorded by 20 ton/Fed of the 
cumulative two additions. Contrarely, the seed index increased significantly 
with sludge treatments.   

The increasing sludge rates increased significantly the fresh and dry 
weight of shoot and root at the residual and cumulative two sludge treatments 
except at 10 and 30 ton/Fed residual one addition and 30 and 40 ton/Fed 
cumulative two additions for dry weight of root.. This may be due to 
increasing the concentration of macronutrients (N and P) in plants (Epstein et 
al., 1976; Khalil et al. 2000 and Meyer et al. 2004).  
 
Table7: The yield components of Vicia faba (Giza 461) as affected by 

sludge treatments. 

Treat. 
ton/Fed 

30days 
Plant 
height 
(cm) 

Mature 
plant 

height 
(cm) 

Tillers/ 
plant 
(no.) 

Shoot Root Pod 
Lengt

h 
cm) 

Seeds
/ 

pod 
(no.) 

Seed 
index 
(gm) 

Seed 
density 
(gm/cm

3) 

F.W 
(gm) 

D.W 
(gm) 

F.W 
(gm) 

D.W 
(gm) 

Residual one addition 

Cont 6.46a 136.63 ab 8.75abc 157.3 h 80.00e 2.00 g 7.8c 6.32a 2.92b 75.00 bc 1.08 a 

10 14.8a 141.75 ab 9.00 ab 5100 b 145.0bc 23.3f 6.4e 6.56a 4.02a 83.07 ab 1.15 a 

20 13.8a 136.00 ab 7.75 bc 3100 e 155.0ab 30.3 b 7.8c 6.95a 2.74b 77.07 abc 1.10 a 

30 14.8a 138.50 ab 8.75 abc 2100 g 100.0 d 25.3 d 6.5e 6.18a 2.71b 83.30 ab 1.12 a 

40 15.2a 130.50 b 5.75 c 4750 c 135.0 c 24.4 e 8.6b 6.20a 2.65b 80.00 abc 1.08 a 

Cumulative two additions 

10 15.8a 142.50ab 8.50abc 220.g 80.0 e 28.90 c 26.0 a 7.14 a 2.8b 84.60 a 1.1a 

20 13.5a 147.25 a 11.00 a 700.0 a 165.0 a 36.30 a 26.0 a 6.09 a 1.6c 82.33 ab 1.0a 

30 15.8a 133.75 b 7.25 bc 250.0 f 145.0 bc 23.20 f 6.8 d 6.09 a 2.5b 73.20 c 1.0a 

40 15.6a 134.75ab 8.25 abc 325.0 d 95.0 d 24.70de 6.2 e 6.09 a 2.6b 77.13abc 1.1a 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

 
Different characters of seeds are presented in Table (8). It was 

observed that the sludge treatments of residual one addition decreased the 
sterility percentage, while the treatments of the cumulative two additions 
increased that percentage. It is clear, therefore, that the percentage of total 
abnormal seeds was increased by all treatments of cumulative two additions. 
While, 20 and 40 ton/Fed residual one addition treatment induced high 
values.  
 The percentage of small sized seeds’ number increased by 20 
ton/Fed, residual one addition, while by 30 ton/Fed of these treatments 
recorded the least number. On the average, cumulative two additions of 10, 
20, and 30 ton/Fed recorded higher small size number and by 40 ton/Fed 
recorded the least number relative to control.  
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Table 8: M2 Seed Characters of Vicia faba (Giza 461) plants  

Treat. 
(ton/Fe) 

Seed 
pod 
(no) 

Total 
Seeds 
(no) 

Ster. % 
Small 
size 
(no) 

White 
hilum

% 

% Coat color 

Bloched 
Green Red 

%ab 
seeds Black Brown Red 

Residual one addition 

Cont. 2.92 343.0 10.23 3.31 0.39 4.14 4.30 0.84 - - 13.89 

10 2.75 539.0 5.94 - 0.56 3.34 0.74 - 1.11 - 5.75 

20 2.74 312.0 9.94 6.73 - 2.88 14.74 -   31.41 

30 2.35 342.0 5.85 2.92 - - 0.88 - 1.46 - 5.26 

40 2.68 175.0 9.71 - - 1.14 4.00 - - - 5.14 

Cumulative two additions 

10 3.12 431.00 17.87 3.94 - 6.26 0.93 - - - 11.14 

20 2.52 201.00 22.39 3.98 1.49 16.42 35.82 2.99 - - 60.70 

30 2.53 197.00 11.68 3.63 - 3.05 2.54 - - - 14.29 

40 2.68 206.00 16.02 2.91 0.97 6.80 10.68 0.49 3.40 1.0 26.21 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

 
Seeds having white hilum color were recorded in three treatments 

only. In the majority of recent varieties hilum color has been controlled by two 
alleles (N and n) with black being completely dominant to white (Bould and 
Crofton, 1987). Therefore, it can be concluded that the sludge treatments 
may mutate the N allele responsible for black hilum, to n allele for white 
hilum.     

The M1 seed coat was brown. In case of M2 seed, the color modified 
into uniform green or red and blotched black, beige or red (Table 6). Ricciardi 
et al. (1985) reported that the mottled seed coat color is dominant over the 
uniform one. Accordingly, it can be concluded that all cumulative two 
additions treatments were more effective on gene mutations of seed coat 
color in addition to 20 ton/Fed residual one addition. 

McBride (1995) concluded that metals entering soil may be 
potentially harmful to various soil plant systems. His concerns were based on 
the organic matter - time bomb hypothesis, where metal availability and 
hence toxicity, were postulated to increase as sludge organic matter in soil 
oxidizes and/or mineralizes over time.  

In the present study, the number of mature nodules/plant exhibited 
significant increase in all treatments of residual one sludge addition (Table 9). 
However, in case of cumulative two additions, 10 ton/Fed recorded the 
highest significant value. This result indicated that the highest treatment of 
sludge for several times caused inhibition of nodulation. This may be due to 
enough content of nitrogen for the plant requirements at these treatments 
(Ferreira and Castro, 1995). Contrarily, this may be due to high 
concentrations of heavy metals at these rates. Also, Chaudri et al. (2000) 
found a relation between lack of nodules in Pea and white clover plants and 
suffering metal phytotoxicity. In the same time, generally the fresh and dry 
weight of nodules/plant increased significantly at all sludge treatments ( 
Table9).  
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Table 9: Effect of different rates of sludge treatments on nodules of 
Vicia faba (Giza 461). 

Treat. 
(ton/Fed) 

Nodules/Plant 

Number 
% Efficiency Weight 

High (++) Low (+) Negative (-) F.W (gm) D.W (gm) 

Residual one addition 

Cont. 86.00d 31.0  abc 30.00 ab 39.0 bcd 1.20 d 0.40 abc 
10  78.00 e 32.0  ab 19.00 c 45.0 bc 1.80 bc 0.55 ab 
20  99.00 c 23.0  cd 33.00 ab 44.0 bc 1.40 cd 0.49 abc 
30  123.00 a 30.1  abc 19.50 c 43.0 bc 2.10 ab 0.67 a 
40  100.00 c 33.0  a 26.00 bc 34.0 d 2.60 a 0.60 a 

Cumulative three additions 

10 110.00 b 36.60 a 31.40 ab 32.00 d 2.50 a 0.66 a 
20 50.00 g 18.00 de 30.30 ab 50.00 ab 0.80 d 0.34 bc 
30 58.00 f 24.13 bcd 37.93 a 37.93 d 0.80 d 0.25 c 
40 55.00 fg 14.50 e 30.90 ab 54.50 a 1.30 cd 0.29 c 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

 
b. Vicia faba (Giza 77) 

All sludge treatments increased significantly the mature plant height, 
except with20 and 30 ton/Fed of the residual treatment, and the maximum 
height was obtained with 30 ton/ Fed cumulative three additions Table (10). 
Generally, the pod length showed no significant differences among the 
different treatments and the control. On the other side, seed density 
increased at all sludge treatments. The highest value of seed number per pod 
was induced by 10 ton/Fed of the residual treatment; however the lowest 
value occurred by 30 ton/Fed of the cumulative two additions treatment. In 
case of seed index it was observed that only the 10 ton/Fed of the residual 
treatment and 30 ton/Fed of the two additions treatment giving higher values 
than the control. 
 

Table (10): The mature plant length and productivity of Vicia faba (Giza 
77) as affected by sludge treatments. 

Treat. 
(ton/Fed)  

Plant height 
Pod length 

(cm) 
Seeds/pod 

(no.) 
Seed Index 

(gm) 
Seed density 

(gm/cm3) 

Residual one addition 

Cont. 60.68 e 7.14a 2.53 a 83.0 b 1.15 b 
10  64.10 cd 8.70a 3.00 a 100.0  a 1.53 ab 
20 54.40 e 6.30a 2.60 a 55.0d 1.57 a 
30 48.70 f - - - - 
40 64.00 cd - - - - 

Cumulative three additions 

10 67.10 c 6.01a 2.22 a 70.00 c 1.35 ab 
20 72.60 b 6.97a 2.63 a 83.00b 1.26 b 
30 76.10 a 6.57a 1.77 a 101.0a 1.33 b 
40 61.70 d 5.94a 2.53 a 74.00 c 1.19 b 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

                       -  Missed data  

 
Data in Table (11) showed that the fresh and dry weights of Vicia 

faba ( Giza 77) increased significantly with increasing sludge rates. This may 
be due to sewage sludge used as a source of N and P in the production of 
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crops (Korcak and Fanning, 1985). However, the highest value after 45 days 
was recorded at 10 ton/Fed. This may be due to rapid mineralization of 
organic matter at this rate which release nitrogen in available form (Aguilar et 
al. 1994), the highest value of fresh and dry weight of shoot and root were 
recorded at 20 ton/Fed and 40 ton/Fed cumulative three additions after 75 
days. This may be due to that the cumulative sludge applications were high 
and increased macronutrients NPK with time (Martinez et al., 2003). In 
contrary, at 40 ton/Fed the fresh weight of shoot declined below the control. 
This may be due to that increasing sludge rate which caused decrease in the 
plant yield Sherif et al. (2001). The same trend was obtained by Sherif (1996) 
who found that salinity induced by sludge application affects wheat and 
soyabean yields.  
 
Table11: Effect of of sludge rates on Vicia faba (Giza 77). 

Treat(to
n/Fed) 

No. of days after sowing 

30 days 45 days 75 days 

Shoot Root Shoot Root Shoot Root 

F.W D.W F.W D.W F.W D.W F.W D.W F.W D.W F.W D.W 

Residual one addition 

Cont. 8.20d 0.76 b 1.94de 0.15 d 22.8 e 2.85 d 1.35 f 0.24 d 65.58d 7.6ef 3.87c 1.00 b 

10 13.8ab 1.50 a 2.90 b 00.21abd 60.1 a 7.17 a 3.88a 0.64 a 63.12d 10.5ce 4.88 bc 0.97 b 

20 11.1bc 1.22ab 2.75bc 0.25abd 33.7 d 3.54 c 3.07 b 0.48ab 73.95b 8.8 def 6.4 b 1.30b 

30 13.3ab 1.33ab 2.60bc 0.20abd 22.1 e 2.61 d 1.82 e 0.27 d 59.66d 11.5bcd 5.9 b 1.20b 

40 13.5 ab 1.51 a 1.70 e 0.16 cd 31.7 d 3.68 c 2.25 d 0.41bc 42.08 e 6.6 f 4.9bc 1.00b 

Cumulative three additions 

10 11.3bc 1.23ab 2.26cd 0.18bcd 25.5e 2.67d 1.01g 0.19 d 87.50b 12.4 bc 6.02b 1.10b 

20 11.7bc 1.08ab 3.77 a 0.28 a 26.5e 3.00d 2.00 e 0.32cd 90.27 a 15.4 a 8.10 a 1.70a 

30 15.0 a 1.68 a 3.80 a 0.26 ab 38.5c 4.60b 2.63 c 0.42bc 43.04 e 11.0 cd 5.0bc 1.00b 

40 9.7 cd 0.93 b 2.40 bcd 0.17bcd 42.6b 4.86b 3.17 b 0.48ab 77.90 c 14.4 cb 8.76 a 1.80a 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

 
Table (12) showed that the number of nodules per plant, after 30 

days of sowing, exhibited significant increase in all sludge treatments of 
residual one sludge addition. However, in case of cumulative three additions, 
the lowest treatment 10 ton/Fed recorded the highest significant value. Also, 
after 45 day of sowing, the maximum number of nodules/plant was recorded 
with the residual one addition of sludge, while, cumulative three additions 
treatments showed the lower number in comparison with residual treatments 
except at 20 ton/Fed. In the comparison of the number of nodules after 30 
and 45 days of sowing it was found that number of nodules was increased to 
180.35% at 20 ton/Fed residual one addition and increased to 228% at 30 
ton/Fed cumulative three additions relative to control. 

However, number of nodules per plant after 75 days was low by, 
residual one addition treatment. The cumulative three additions of sludge 
recorded the highest number except at sludge rate of 30 ton/Fed. The highest 
increase in the number of nodules at repeated three additions of sludge may 
be due to increasing the content of organic matter in soil which improved all 
properties of soil. Similar results were obtained by Heckman et al. (1988).  
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Concerning the nodules efficiency's percentage, 1- After 30 days, low 
efficiency (+) of nodules was increased significantly with increasing sludge 
rates except at 30 and 40 t/.f cumulative three additions, which might 
indicates that the crop is not in need for more nutrients. However, high 
efficiency (++) was below the control value except at 10 ton/Fed residual one 
addition.  In case of negative efficiency the percent was below the control 
value except at 20 ton/Fed residual one addition and at all treatments of 
cumulative three additions. 2- After 45 days of sowing, all sludge treatments 
(residual one addition and cumulative three additions) caused increased in 
low efficiency (+) except at high sludge rate 40 ton/Fed three addition. 
However, the percent of nodules which have high efficiency (++) declined 
below the control value at all sludge applications except at 10 and 40 ton/Fed 
three additions, where the percentage increased to 9% and 10% respectively, 
relative to the control. In case of negative efficiency the percent was below 
the control value at all sludge treatments except at 30 ton/Fed of cumulative 
three additions. Accordingly, it is clear that sewage sludge treatments after 30 
and 45 days of sowing did not inhibit nodules efficiency because the percent 
of efficiency (high and low) was higher than the percent of negative efficiency. 
However, the mean percent of efficiency (high and low) was higher at 
residual one addition than at repeated applications of sewage sludge. 3- after 
75 days, high efficiency (++) percentages were increased significantly with 
sludge applications in comparison with the control. The high percentage was 
32% at 30ton/Fed cumulative three additions. Also, the low efficiency (+) 
percentage increased with increasing sludge rates relative to control except 
at 40 ton/Fed residual one addition and 20 ton/Fed cumulative three 
additions. However, the percent of high efficiency was lesser than the percent 
of low efficiency. 

In case of negative efficiency the percent was declined below the 
control value at all sludge treatments except at 40 ton/Fed residual one 
addition. Obbard (2001) reported that the population was reduced by 42% in 
high pH soil received sludge at lower rate.  
The fresh weight of nodules/plant after 30 days decreased significantly below 
the control at all sludge treatments. However, after 45 days it was increased 
and the highest value was recorded at 20 ton/Fed residual one addition in 
comparison with three additions.  
 The fresh weight of nodules/plant after 75 days at residual one 
addition increased significantly with increasing sludge rates except at 40 
ton/Fed. Also, fresh weight of nodules at cumulative third addition of sludge 
significantly with increasing sludge rates except at 30 and 40 ton/Fed.  
IV. Effect of Sludge on Chlorophyll Mutation and Photosynthetic 
Pigments 

Data in Table (13) indicated that chlorophyll b was increased 
significantly by 20 and 30 ton/Fed residual one addition treatments and by 10 
and 40 ton/Fed cumulative three additions treatments. However, there was 
no significant effect on chlorophyll a. The chlorophyll a/b ratios gave the 
same trend of chlorophyll b content. The increase in total chlorophyll content 
of the leaves could be attributed to the increase in nitrogen applied to the soil 
with the sludge. Similar results were obtained by Amin and Sherif (2001). 
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Also no visible symptoms of chlorosis or necrosis were found on the above 
ground parts of the plants, indicating no sludge toxicity, but their leaves were 
greener than those of the control plants.  
 
Table 12: The number of nodules, efficiency, and weight after 30, 45, 

and 75 days of sowing of Vicia faba (Giza 77) as affected by 
sludge treatments 

Treatment 
(ton/Fed) 

No. of 
nodules 

% Efficiency Weight 

++ + - F.W (gm) D.W (gm) 

After 30 days 

Residual one addition 

Cont. 34.00 f 47.10 b 44.10 e 8.80 de 0.44 a nd 

10 70.00 b 50.00 a 42.80 e 7.10 ef 0.35 a nd 

20 56.00d 41.10 c 44.60 e 14.30 c 0.38 a nd 

30 80.00 a 22.50  f 72.50 a 5.00 fg 0.26 ab nd 

40 46.00 e 36.90 d 54.30 d 4.30 g 0.15 b nd 

Cumulative three additions 

10 70.00 b 25.70 e 64.30 b 10.00 d 0.12 b nd 

20 64.00 c 26.60 e 57.80 c 15.60 c 0.05 b nd 

30 25.00 g 28.00 e 32.00 g 40.00 b 0.07 b nd 

40 22.00 g 13.60 g 36.40 f 50.00 a 0.07 b nd 

After 45 days 

Residual one addition 

Cont. 74.00 g 6.80 c 92.90 b 1.30 c 0.28 f 0.07 bc 

10 125.00 c 3.20 d 96.00 a 0.00 d 0.59 cd 0.13 abc 

20 157.00 a 1.50 e 99.10 a 0.40 d 1.12 a 0.19 a 

30 102.00 e 1.00 ef 96.00 a 2.00 b 0.98 b 0.15 ab 

40 122.00 c 0.40 f 97.50 a 0.00 d 0.70 c 0.16 ab 

Cumulative three additions 

10 108.00 d 9.00 b 90.00 b 0.00 d 0.52 de 0.11 abc 

20 130.00 b 1.50 e 98.50 a 0.00 d 0.46 e 0.12 abc 

30 82.00 f 1.20 ef 91.20 b 8.50 a 0.69 e 0.11 abc 

40 70.00 g 10.00 a 84.80 c 4.20 b 0.44 e 0.06 c 

After 75 days 

Residual one addition 

Cont. 94.00 d 5.25 f 82.40 b 10.50 b 2.18 bcd 0.20 a 

10 83.00 e 6.00 e 92.80 a 1.20 f 2.01 cde 0.30 a 

20 45.00 f 8.90 d 88.90 ab 2.20 de 1.74 de 0.20 a 

30 95.00 d 8.40 d 85.30 ab 6.30 c 2.57 b 0.40 a 

40 86.00 e 9.30 d 69.70 c 18.00a 1.60 e 0.20 a 

Cumulative three additions 

10 152.00 a 13.20 c 85.20 ab 2.60 d 2.85 a 0.40 a 

20 103.00 c 15.50 b 72.80 c 9.70 b 2.30 bc 0.30 a 

30 90.00 d 32.00 a 68.00 c 0.00 g 0.93 f 0.10 a 

40 128.00 b 7.80 d 90.60 a 1.60 ef 1.81 de 0.20 a 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

++  % of high efficiency          +    % of low efficiency              -     % negative efficiency 

 
One type of mutation, in higher plants which has been widely studied, 

results in the reduced expression of chlorophyll b. This pigment comprises 
about one-fourth of the chlorophyll in higher plants and is bound in pigment-
protein complexes associated with both photosystem I and II. The affected 
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plants appear with no detectable chlorophyll b or with reduced amount of the 
pigment. According to Markwell et al. (1986), chlorina mutants are responsible 
for these variations. One of the many such mutants expressed little or no 
chlorophyll b and known as chlorina f2  (King, 1991), since the expression of 
the chlorina f2 mutation eliminated chlorophyll b from the plant. However, 
according to Westhoff and Kloppstech (1998), the mutations in chlorophyll b 
genes occurred more than those of chlorophyll a, revealing that the 
conversion of chlorophyll a to chlorophyll b was affected. 
 
Table13: Chlorophyll contents in leaves of Vicia faba  (Giza 77) plants 

Treatment (ton/Fed) 
Chlorophyll a Chlorophyll b Chlorophyll a 

% 
Ratio a/b 

mg/g plant 

Cont. 10.14  a 6.94  ab 59.16 1.45 

Residual one 
addition 

10 10.00  a 5.66  c 64.06 1.78 

20 10.28  a 7.97  a 56.33 1.29 

30 10.29  a 7.95  a 56.57 1.30 

40 9.96  a 6.46  bc 60.88 1.56 

Cumulative  three  
additions 

10 10.31  a 7.37  ab 57.15 1.40 

20 9.67  a 4.79  d 66.87 2.02 

30 10.18  a 5.88  c 63.38 1.73 

40 10.27  a 7.22  ab 58.72 1.42 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

 
IIV. Cytological Studies Vicia faba (Giza 77) 
a.  Mitotic index and phases spectrum 

The lengths of primary roots were measured after one, two and three 
days (Table 14) at the beginning of germination, 10 ton/Fed residual one 
addition and 20 ton/Fed cumulative three additions treatments were recorded 
significantly the highest root length. However, 40 ton/Fed cumulative three 
additions treatment induced the lowest root length after the three different 
duration times. The rate of root growth after all sludge treatment recorded 
lower values than the control except that of 10 and 30 ton/Fed residual one 
addition after two days.  

Values of root tolerance index (Fig.1) increased by sludge treatments 
and by increasing the addition rate. After two days, 10 ton/Fed of the residual 
one addition and 30 ton/Fed of the cumulative three additions treatment 
recorded the same index, while, after three days 40 ton/Fed of the former 
treatment attained the minimum index, and the same rate of the later 
treatments attained the maximum index. Therefore, it could be concluded that 
sewage sludge treatment enhances the tolerance especially after the 
repeated application. 

Parameters such as root growth, frequency of mitosis and abnormal 
cell divisions were analyzed to estimate the cytotoxicity, genotoxicity and 
mutagenecity of environmental mutants (Kovalchuk et al., 1998). The present 
study provides evidence that sewage sludge treatment caused growth 
retardation or stimulation after one day of germination. Generally all 
treatments caused growth root stimulation, in spite of that more days of 
germination had retarded the growth. The inhibition or stimulation of growth 
may be due to that sewage sludge affected certain metabolic processes 
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(Vygas et al. 1985)  leading to the disturbance of endogenous growth 
regulators (Grover and Tejpaul, 1981), such as endogenous auxins, 
gibbrellins and cytokinins (El-Antably et al., 1994). 

The effect of sludge residual treatments and cumulative three sludge 
additions on mitotic index (MI) and frequency of mitotic phase of primary 
roots are represented in Table (15). It is clear that all sludge treatments 
increased the mean mitotic index. In addition, the mean mitotic index of 
cumulative three additions treatments was higher than that of residual one-
addition treatments. The increase in mitotic activity can be explained as that 
addition of sludge had induced the acceleration rate of cell division by 
increasing the rate of biosynthesis of nucleic acids and other factors required 
for cell division ( El-Kerady et al. 1975). Kornberg and Baker (1992) stated 
that the entry in mitosis is controlled by the cytoplasmic mitosis promoting 
factor (MPF) which triggers mitosis by its protein kinase activity. The protein 
synthesis requirement for entry into mitosis allows the production of the 
critical level of cyclin needed to activate MPF. (Murray and Kirschner, 1989). 
 
Table 14: The length of primary roots and the growth rate of Vicia faba 

(Giza 77) as affected by sludge.  

Treatment (ton/Fed) 
Length of primary root (cm) Growth rate (cm/day) 

After 1day After 2days After 3 days After2days After3days 

                                 Cont. 2.41  a 4.08  bc 5.08  a 2.04 2.54 

Residual  
one  
addition 

10  3.48  a 5.10  ab 5.16  a 2.55 2.58 

20  2.95  a 4.38  bc 4.25  a 2.19 2.13 

30  2.17  a 5.04  a 4.10  a 2.52 2.05 

40  2.37  a 4.20  ab 6.00  a 2.11 2.50 

Cumulative Three  
additions 

10 2.25  a 3.83  bc 4.43  a 1.92 2.22 

20 3.13  a 3.23  bc 4.13  a 1.62 2.07 

30 2.25 a 4.38  ab 4.55  a 2.19 2.28 

40 2.15  a 2.73  c 2.33  b 1.37 1.17 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

 
It is obvious that the primary root length is attributed to cell division or 

elongation. Therefore, in the present study, there was no relation between the 
root length and mitotic index. In the same time, Metaphase Prophase ratios 
(M/P) increased than those of the control (Table 15). 

Ratio reaches 2.26 times than that of the control after cumulative 
three additions treatments and 1.5 times after residual one addition 
treatment. The passage of a cell through the cell cycle is controlled by 
several proteins. Therefore, there are several systems for interrupting the cell 
cycle if something goes wrong. Some of these are spindle checkpoints, which 
detect any failure of spindle fibers to attach to kinetochores and arrest the cell 
in metaphase.  
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Table 15: Values of mitotic index (M1) and phases spectrum of Vicia 

faba (Giza 77)  

Treatment 
(ton/Fed) 

Prima
y root 
length 
(cm) 

Total 
Cells 

MI % ADCs 
%ANDC

s 
%P %M %(A+T) 

M/P 
ratio 

Cont. 2.72 ab 4264.35 5.19 a 9.15 c 1.59 b 64.40 14.10 21.50 0.22 

Residual 
one  
addition 

10  3.38 a 3154.47 6.00 a 12.28 b 1.11 b 67.10 12.50 20.73 0.19 

20 2.68 ab 3662.83 5.82 a 10.90 c 1.35 b 54.70 19.40 25.90 0.35 

30  2.17 ab 3412.95 6.47 a 12.07 b 3.25 a 61.65 16.30 20.00 0.26 

40  2.43 ab 2275.37 5.23 a 17.37 ab 2.35 ab 46.17 24.30 29.52 0.53 

Cumulative 
Three 
additions 

10 2.07 ab 2915.83 5.68 a 14.49  b 1.67 b 46.18 21.00 32.85 0.45 

20 3.45 a 2839.82 7.40 a 19.38 ab 3.43 a 50.90 23.60 25.48 0.46 

30 2.32 ab 2726.49 6.10 a 19.35 ab 3.86 a 43.20 23.44 33.40 0.62 

40 2.00 b 2762.32 7.25 a 21.01 a 3.73 a 49.30 22.70 27.90 0.46 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 

 
b. Frequency of aberrant mitotic cells 

Chromosomal aberrations occur due to lesions in both DNA and 
chromosomal and spindle proteins causing genetic damage. In the present 
study, sludge treatments induced a number of abnormalities in all mitotic 
phases of Vicia faba (Giza77) root meristem including chromosome 
stickiness, laggards, c-metaphase, disturbed chromosomes, bridges, 
fragments and micronucleus ect. (Table 16 and Plate1). The percentage of 
abnormal dividing cells (ADCs) increased by cumulative three additions 
treatments than the residual one addition treatment and the control. It 
increased twice than the control after cumulative three additions treatments 
and 1.5 times after residual one addition treatment. This could be due to the 
increased content of heavy metals of the cumulative treatments 

Aberrant prophase cells formed the lowest percentage while aberrant 
anaphase-telophase (A-T) cells formed the highest percentage of the total 
dividing cells in all treatments. The aberrant prophase cells recorded one type 
of aberration, one or more micronuclei (Plate 1). Generally, the percentage of 
aberrant metaphase cells increased by using sludge treatment and by 
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increasing the concentrations. Also, it reached 2.3 times of the control after 
the cumulative treatments. 

Chromosome stickiness was the most dominant abnormality induced 
in all phases. The percentage of sticky figures induced by cumulative 
treatments increased by increasing the sludge concentration with a mean of 
4.82% as compared with a mean of 1.59% for the residual treatment and 
1.39% for the control. Chromosome stickiness is caused probably through 
immediate reactions with DNA during its inhibition period causing DNA-DNA 
or DNA-protein cross linking (Amin, 1991), or through reactions with the 
lysosomal system altering the physiochemical properties of nucleic acid 
and/or nucleoproteins.The liquefaction of the chromatin material (Adam and 
Farah, 1989), which consequently lead to the hindrance of daughter 
chromatids separation at anaphase giving sticky chromosome bridges which 
were recorded in appreciable percentage in this study. This agrees with the 
data obtained by El-Khodary et al. (1990).  Chromosome bridge were 
recorded in anaphase-telophase in root meristems and increased by all 
sludge treatments. The three additions treatments had the highest mean 
value which reached 4.7 times of the control, while the one addition had value 
of 2.5 times. 
  
Table 16: The chromosome behavior of Vicia faba (Giza 77) plants as 

affected by sludge treatments. 

Treatment Cont. 
One Addition (ton/Fed) Three Additions (ton/Fed) 

10 20 30 40 10 20 30 40 

Total    D.Cs 204.00 188.30 206.83 218.57 118.67 166.00 203.16 165.83 186.66 

%Abn. D.Cs 9.15 c 12.28 b 10.90 c 12.07 b 17.36 ab 14.49 b 19.38 ab 19.35 ab 21.01 a 

Aberration/cell cell 1.09 1.12 1.18 1.18 1.03 1.09 1.11 1.09 1.15 

%Abn. P  (Pi) 2.45 1.49 0.64 3.05 1.40 0.60 1.48 2.72 1.16 

%Abn. M 2.94 2.65 3.33 2.59 3.94 4.31 7.78 6.53 8.84 

Sticky M 1.39 1.22 2.56 0.60 1.96 3.31 4.34 5.02 6.60 

Abn. Chrom.move 0.08 0.53 0.55 0.30 1.10 0.19 0.57 0.00 0.44 

Fragmented M 0.56 0.53 0.00 0.76 0.00 0.38 1.55 1.30 1.41 

Micronucleus 0.81 0.44 0.73 0.76 1.12 0.50 1.48 1.00 1.07 

C-meta. 0.08 0.53 0.42 0.15 0.00 0.39 0.65 0.00 0.18 

Mmultigroup 0.00 0.00 0.40 0.15 0.00 0.00 0.32 0.00 0.00 

%Abn. A+T 3.59 6.53 6.91 7.13 10.11 9.34 10.01 9.95 12.05 

Sticky 0.49 2.92 1.85 0.00 1.12 2.10 0.57 3.82 5.59 

Bridge 0.65 1.76 1.36 1.83 1.39 2.50 3.36 3.41 3.03 

Abn. Chrom. move 1.22 0.62 1.45 3.50 1.68 1.00 1.14 1.10 0.80 

Abn. Group Ori. 0.00 0.25 1.45 2.13 2.52 2.80 1.64 0.90 2.84 

Fragment 0.40 0.53 0.48 0.30 1.12 0.30 2.05 0.90 0.79 

Micronucleus 0.32 0.27 0.96 1.21 1.39 0.80 0.82 0.70 1.33 

Disturbed 0.00 0.79 0.00 0.15 0.56 0.50 1.31 1.00 0.00 

Multigroup 0.00 0.00 0.00 0.15 0.56 0.19 0.16 0.00 0.17 

 NDCs (no.) 4060 2966 3456 3194 2156.70 2749.83 2636.66 2560.66 2575.66 

%Abn.NDCs 1.59 b 1.11 b 1.35 b 3.25 a 2.35 ab 1.67 b 3.43 a 3.86 a 3.73 a 

Micronucleate 1.34 0.88 1.26 2.90 2.33 1.56 3.20 3.87 3.60 

Multinucleate 0.04 0.01 0.14 0.24 0.09 0.20 0.18 0.20 0.12 

Means within a column with same letter are non-significantly different at 5% level 
according to Duncan´s test. 
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               A                                       B                                        C 
       

            D                                           E                           F 
Plate 1: Non dividing and dividing cells of Vicia faba (Giza 77) root 

merstimes affected with different rates of sewage sludge  
A.  Interphase with large micronucleus,       B. Binucleate with two small micronuclei 
C. Sticky metaphase                                           D. Fragmented metaphase 
E. Sticky multigroups metaphase                    F. Telophase with bridge, sticky and ring  
                                                                                      laggered  chromosomes   
 

The genetic damage which occurs in the present study was probably due to 
the effect of genotoxic compounds found in sewage sludge. This caused 
drastic changes in chromatin, spindle apparatus and centromere leading to 
impairment of chromosome alignment on metaphase plate, abnormal spindle 
orientation, abnormal chromosome movement and c-mitosis. The 
mechanistic background to spindle disturbances with compounds might be 
partially based on the partitioning of some household chemicals or metals 
into hydrophobic compounds of the cell (Onfelt, 1987). In addition, the 
presence of Ca+2 (El-Bagouri, 1999) as well as chlorophenols (UNESCO, 
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1996) in sewage water could be the cause of the occurrence of c-mitosis. In 
the mean time, the increase in Ca+2 neutralizes the negative charges on 
chromatin fibrilis, which would increase chromosome repulsion and chromatin 
condensation causing c-mitosis (Dipanker and Crothers, 1986).  

Heavy metals like Pb was found to be associated with the spindle 
protein “tubulin” (Johnson, 1998) leading to inhibition of polymerization and/or 
microtubule formation (Aardema et al., 1998) disrupting chromosome 
movement (Oshimura and Barret, 1986). Moreover, Pb could block the 
combination of spindle microtubules with the associated proteins essential for 
the sliding function of microtubules during anaphase and thus disrupt the 
movement of the chromosomes (Oshimura and Barret, 1986). In addition, 
calcium ion concentration is a major functional component of spindle 
apparatus (Dellarco et al., 1985). The impairment of chromosome movement 
and the occurrence of scattered chromosomes in the present study might 
also be due to the increase of calcium ion concentration of the soil (Amin and 
Sherif, 2001) and most probably at the cellular level during cell division as 
found by Onfelt (1987). In the mean time, the presence of calcium++ 
neutralize the negative charges on chromatin fibrils causing a decrease of 
repulsion force and increase in chromatin condensation forming scattered 
chromosomes (Dipanker and Crothers, 1986). However, in addition to all 
previous causes for spindle abnormalities, the possibility of mutation of one or 
more of the genes responsible for the assembly and function of microtubules 
(Onfelt 1986) could not be neglected.  

Disturbed chromosomes at metaphase (M) and anaphase-telophase 
(A-T) were scored after sludge treatments. However, c-metaphase figures as 
a form of disturbed chromosomes recorded zero value after 40 ton/Fed 
residual one addition and 30 ton/Fed three additions treatments. Also, 
disturbed A-T gave zero value after 20 ton/Fed one addition and 40 ton/Fed 
three additions treatments. This phenomenon may be induced as a result of 
disruption of spindle mechanism which is affected by glutathione and ATP 
contents (Onfelt, 1987).  

Multigroups in metaphase and anaphase-telophase cells was another 
figure of disturbed chromosomes. They were induced by sludge treatments 
and only recorded a mean of 0.16 for residual one addition treatments and 
0.11 for three cumulative treatments. In addition, sludge treatments induced 
the appearance of abnormal group orientation in anaphase – telophase cells. 
Abnormal chromosome movement, presented as laggards and precocious 
chromosomes, increased at metaphase and anaphase - telophase. The 
abnormal orientation of some chromosomes was found to be due to altered 
quantity and quality of kinetochore heterochromatin (Jennifer et al., 1988). 
This may lead to formation of laggards and micronuclei. However, the 
possibility of mutation of one or more of the genes responsible for pole 
determination (Rajendra and Bates, 1981) can not be excluded.  

Generally, chromosome fragments are frequently increased after 
sludge treatments giving the highest mean value by cumulative three 
additions (1.09). The induction of abnormal chromosome movement and 
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chromosome fragments may lead to formation of micronuclei. Micronuclei are 
true mutagenic aspects that may lead to loss of the genetic material. In the 
present study, a considerable number of micronuclei were recorded in all 
treatments showing the highest percent in prophase cells of 30 ton/Fed of 
both treatments, metaphase-cells of 40 ton/Fed one residual addition and 20 
ton/Fed cumulative three additions and A-T cells of 40 ton/Fed of both 
treatments. 
 The effect of sewage sludge was also detected in interphase as it 
showed micronuclei and binucleate. The percentages of abnormal interphase 
cells increased by sludge treatments and gave the highest values by the 
cumulative treatments (Table 22). One type of aberrant nondividing cells 
(ANDCs) was distinct as one or more micronuclei. The occurrence of 
micronuclei in a tissue indicates its exposure to a genotoxic agent (Ma et al., 
1995; Dakhly and Abdel-Rahem, 1997; Dimitrov and Gadeva, 1997; Minissi 
et al., 1998 and Grover and Kaur, 1999). This means that sludge components 
are genotoxic to Vicia faba plants. Also, multinucleate cells induced by sludge 
treatments recording the highest value for the 40 ton/Fed of one residual 
treatment. The presence of binucleate cells reveals the inhibition of cell wall 
formation between cells. Dissolution of the chromatin material was observed 
in some cells (El-Abidin Salam et al., 1993).  
The percentage of abnormal nondividing cells (interphase) followed the same 
trend of abnormal-dividing cells. The mean percent after residual one addition 
treatments was 2.02 and that after cumulative three additions treatments was 
3.17. 
 Most of the aberrant dividing cells contained one type of aberrations. 
The highest ratio of aberrations/dividing cells was 1.18 found after 20 and 30 
ton/Fed, residual one addition (Table 16). 
Finally; the addition of sewage sludge seems to benefit the soil fertility and 
plant nutrition. Hazardous effects occurred in the nutrition contents and its 
balance in plant tissues. Mutants also occurred and are reflected on 
chlorophyll contents and balance between chlorophyll a and b. The sludge 
treatments increased the mean mitotic index which increased by the 
cumulative three additions, and induced the number of abnormalities in all 
mitotic phases which increased by cumulative three additions. 

These abnormalities are due to sludge’s heavy metals and other 
chemicals. This study might be considered as yellow but rather red light of 
warning to the hazardous effect of using sewage sludge as a recycle of 
wastes. Finally, further studies should be encouraged towards more clear and 
wide investigations that might include all or some of the followings: (1) The 
effect of chemical phytotoxic materials that might be present in the sewage 
sludge, (2) the cumulative effects of sewage sludge additions on both the 
mitotic and meiosis cell division. This might lead to (i) bread for beneficial 
properties of crops productions. (ii) guide the sewage sludge pre-treatments 
methods which might reduce the hazardous effects of such practices, and be 
useful to design guide lines to the producers and users of sewage sludge in 
agriculture. 
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التأأير الالتااى أأللتال تمنأألل أأ للحأأه هللالح أأيالرضأألل حتأأترلا ا ل أأ لال  ه أأال
لرضللال فهللالج   ةلل مهللالفتلتلالرن ضة

 همهلرزلالد  ل*حهتملال طها,لل*أ هللأ   ,ل** هط ةلى هللشا ف.ل*
لقسملا ااحللتال  هاللللل-ىض ةلالزاارة*
لقسملال مهلل-ىض ةلال ضتم**لل

 
 – 9111تم إجراء  راءةرح لية رح مرر ة الرح اة رح ء  اءلرح جسةنرح ء ةراارا ح ترارس  ء  ترا  ةر    

(  ار اي م تأر ا ءةتخرءم ء لةأ  اةةسر لضوى لةر ةختةف لاسصا ء اترس   اارسا ء  رون صراف  ج ر   1009
(. قارن ارء رح ء تجاارح 77سا ء  رون صراف  ج ر   و تأر اهس ت ضس لةر ةرةو  ء ااوةوةروةسا  اار (77و  169

اصر ح لسةرح مر    .ا /مررء 10, 00, 10, 90, 0تلا ء راءةرح. ترم إضرسمح ء لةرأ  وخةارا اس تاارح اةنرر ا 
ء ةنر ا ء ةختة ح ة  ء ضسمح ء وءلر  ء ةتاي ح وء ضسمسا ء ةتااا  ة  ء ةنسةةح اس لةأ  ترا إ ر   رسر  تاا ر  

(. ت ضرس ةلتروى ءلأاض ةر  77ء  رون  ج ر    ر ءلأاض قارن ء  اءلرح وانرر ء لصرسر  اارساء ناسصا ء ري ةح  مر
ء ناسصا ء ري ةح ء رءر ات جح ء ةنسةلاا ء ةتااا  ةر  ء لةرأ  وك ر  لارر ةيسااتارس اس ضرسمح ء وءلرر  ء ةتاي رح قارن 

ن ةنسةةرح ت ضرس ترا إ رر   رسر  ء ةنسةةح اس لةأ  ترا إ ر   سر  اةاح ء اارسا وء نررر ء اةرر  ةا ر ء   ار ء  اءلح.
ا /مرررررء   00، 10ا /مرررررء   ةضررررسمح ء وءلررررر  و  10، 90ء ررررو   ء جررررسف  رررر واءع ةررررس لرررررء ء ةنررررسةلاا 

ااارس ترراا ( و 169 ةضسمتس . ت ضس  م تؤرا ء ةنسةةح اس لةأ  لةرر انرض لوءةرن ء اترس   اارسا ء  رون  ج ر   
ااب وء جرسف  ةةجةروا ء خضراى وء جركوا وةتوةرا و   وترا إ ر   سر  ء و   ء  لةر اون ء ااسا ء اسضج

ا /مررء   ةضرسمح ء وءلرر  ا اةرس تقرن  90ميرر ةرجةا تلةرر ق ةرح لارر  لاح واس اةاح  نرر ء اكوا  ان قا  900
ا /مرررء   ةضررسمتس . ت ضررس ء ةنسةةررح اس لةررأ   ررم تررؤرا لةررر انررض لوءةررن ء اتررس   ااررسا ء  ررون  10ق ةررح لاررر 
لاح وارسمح ء اركوا. ت ضرس ء ةنسةةرح  900( و اااس ترا إ ر   سر  اون ء ااسا ء اسضج وةتوةا و   77 ج    

( وتشرةن  رو  قصرا  وةرا  ء اركوا 169لةأ  تراا لةر خصرسص  اركوا ء ج رن ء ررسار  اارسا ء  رون  ج ر   اس 
ولجررم ء ارركوا ل رر  اةرراح ةجةرروا ء ارركوا ء ةشرروهح  ءر لاررر جة ررا ةنررر ا ء لةررأ   ةضررسمتس  ء تاءاة تررس  

غرر اةراح ء نيرر كءا ( لرر    رسر  77مرر لس رح ء  رون   ج ر    ا /مرء   ةضرسمح ء وءلرر  ء ةتاي رح. 10وةنرن
 روم ةر  ء  اءلرح ةرس لررء لارر ء ةنرر ا ء نس  رح ةر  ء ضرسمح ء رس ررح ةر  ء لةرأ  انرر  74، 14، 00ء ا س   انرر 

 روم لارر ء ةنرر ا ء نس  رح ةرر   14و00 روم ومرر ا رل ء وقرا ء رءرا اةراح ء نيرر لر ةرح ء ا رس   انرر  14و00
ةنررن  ةاخ ضرح اسارا تلةرر ةر  اةراح ء نيرر كءا ء ا رس   ء نس  رح.ء ضسمح ء تاءاة ح. واةراح ء نيرر كءا ء ا رس   ء 

( لار جة ا ةنسةلاا ء لةأ  ةجةا قر م ةاخ ضرح لر  ااسترسا ءلأاض ء   را 77اةو ء جكوا  ااسا ء  ون  ج    
ا /مرء   ةضسمح ء وءلر  ء ةتاي ح ا اةس  ءر ةؤشا تلةرن ء جركوا اةنرسةلاا  00و90ةنسةةح ةس لرء ء ةنسةلاا 

ةنرسةلاا ء لةرأ  ترا إ رر   رسر  ء اشرسا ء ة ترو ى  ةخلا رس وةتوةرا ء اشرسا ء ة ترو ى  ةررلا  إضرسمسا   .ء لةرأ
تاءاة ررح تااررا ةرر  ء ضررسمح ء وءلررر  ء ةتاي ررح. وترا إ ررر توءجررر لرررر ةرر  ء تشرروهسا مررر جة ررا تارروءا ء ايةررسم 

ء ةشرروهح  ءرا اررس رلا  إضررسمسا  (. واةرراح ء خلا ررس77ء ة تررو ى وء خلا ررس ء   ررا ةايةررةح  ااررسا ء  ررون  ج رر   
 ء تاءاة ح ل  ء ضسمح ء وءلر  ء ةتاي ح.


