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ABSTRACT: A pot experiment was carried out in order to evaluate the efficiency of organic 
amendments, namely humic acid, biogas manure and compost, on certain microbial activities in 
an alluvial clay soil polluted with a mixture of some heavy metals, i.e. Zn+ Pb+ Cu, and 
cultivated with faba bean "Vicia faba" (legume) and maize "Zea mays" (cereal). Two rates of 
each of the organic materials (0.5 & 1.0 % C) and pollutants mixture (the permissible safe limit 
of each element & duplicate of those limits). Number of bacterial root nodules and nitrogen 
content in the shoots of faba bean plants (as measures of symbiotic diazotrophy), as well as 
dehydrogenase activity (as a general microbial measure) in the soil under each of faba bean 
and maize crops, had been determined at two growth periods after planting, i.e. 45 & 90 days 
for faba bean and 30 & 60 days for maize. 
The results obtained revealed that the heavy metals mixture added, in absence of organic 
supplements, inhibited the measured microbial activities. On the other hand, application of 
organic materials, to the un-polluted soil, generally enhanced the microbial activities assayed . 
Elevating the dose of either heavy metals mixture or organic additives exaggerated the 
influence of each, in an opposite trend between both. Combination among the applied 
treatments depended on the positive role of organic amendments in limiting the hazardous 
action of chemical pollution in soil. Humic acid, at the first growth period, and compost at the 
second , were superior in their beneficial effect, whereas biogas manure was intermediate in all 
cases. Microbial activities in soil under faba bean plants excelled those under maize ones 
regarding their susceptibility to pollution harm. 

Key words: Heavy metals, humic acid, biogas manure, compost, diazotrophy, 
dehydrogenase, faba bean, maize. 

INTRODUCTION 
Pollution is the most serious of all 

environmental problems. Heavy metals are 
prime soil pollutants, especially wherever 
present above the highest permissible safe 
limit of each of them. However, such limit if 
applicable to growing plants, might be 
injurious to micro inhabitants in soil including 
the beneficial agents. Heavy metals reach 
the agricultural soil mainly through industrial 
drainage and sewage. Biological control of 
heavy metal pollution in soil, using natural 
organic materials, have been recommended 
as a safe practice to overcome this 
environmental problem. Formation of 
organo-mineral complexes is thus behind 
reducing the availability of those metals in 
soil to the favour of growing plants (Chaney, 
1994,; Soccol eta/., 2003 and Walker eta/., 
2003). 

Soil microorganisms are major 
component of the life cycle in nature. They 
mainly contribute, directly and indirectly, to 
plant growth and crop production (Paul and 
Clark.1996). Heavy metals in soil could be 
deleterious to the beneficial microbial 
community, as well as to the growing plants. 
Extent of such inhibition depends on type of 
the metal, its concentration and other factors 
involving soil conditions. 

The present work was therefore designed 
in order to clear up the impact of some 
organic amendments, namely humic acid, 
biogas manure and compost, on microbial 
activities in soil polluted with a mixture of 
certain heavy metals, i.e. Zn+ Pb+ Cu, and 
cultivated with faba bean (legume) and 
maize (cereal) plants. 
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MATERIALS AND METHODS 
1. Materials 

1.1. Soil 
Samples of an alluvial soil were collected 

from the surface layer (0-30 em) of the 
Experimental Farm of the Faculty of 
Agriculture, Minufiya University (Shibin 
EI-Kom, Egypt). Data of initial features of 
such soil are presented in Table (1). 

1.2. Organic Sources 
Compost, biogas manure and humic acid 

represented the organic amendments 
applied to the soil under consideration . Data 
of chemical analyses of those materials are 
shown in Table (2). Such materials and their 
analytical data were provided by the Dept. of 
Agric. Microbial., Agric. Res. Center (Giza, 
Egypt). 

1.3. Plants 
Two different major crops were used as 

test plants, namely faba bean "Vicia faba", 
as a winter legume (deep tap-rooted crop) 
and maize"Zea mays", as a summer cereal 
(shallow fibrous rooted crop). 

1.4. Chemical Pollutants 
Acetate salts of each of zinc " Zn", lead 

"Pb" and copper "Cu" were added together 
in a mixture, to the examined soil. Such 
heavy metals are among the most chemical 
agents polluting soils in Egypt (Abou-EI 
Naga eta/., 1999). 

2. METHODS 
2.1. Treatments 

- One soil, three organic materials, two 
crops and one chemically polluting mixture 
consisted of three heavy metals. 

- Controls (without organic materials II Oo " 
and without heavy metal pollutants "Po", as 
well as the dual controls e.g. without both 
organic materials and pollutants II OoPo "). 

Table (1). Initial analytical data of the studied soil. 

a. Physical Properties 

Moisture Content, Fraction (%) 
Textural Class 

at the field capacity(%) Sand Silt Clay 

34.4 11.4 33.7 54.9 Clayey 

b. Chemical Properties 

pH Soluble Ions (meq/1 OOg soil) 

Organic (1:2.5, EC Cations Anions 
Matter 

CaC03 ESP soil: (dSm-1) Ca2+ I Mg2+ c~3 ! HC03 -j o I s~4 water Na+ K+ 

(%) Susp.) 1:5 soil : water extract 

1.8 2.6 4.6 7.6 0.4 0.9 1 0.4 2.4 0.5 - 0.8 12.61 0.8 

c. Nutrient and Heavy Metal Contents 

Major Nutrients Heavy Metals (mg/kg soil) 

Total (%) Available 
Total DTPA-Extractable (mg/kg) 

N p K N p K Zn Pb Cu Zn Pb Cu 

0.15 0.10 0.60 58.1 9.2 270 42 10 28 7.2 4.4 6.4 

1970 
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• Sub-treatments (actual 
experimental variables). 
Organic materials: Three ( compost, 

biogas manure and humic acid ), each at 
two rates (0.5 and 1.0 % organic carbon 
basis). 

.. Plants~ Two (faba bean and maize). 

. . Chemical pollutants: Three heavy metals, 
namely Zn, Pb & Cu, at two levels of each 
element, were added as a mixture. 
According to Alloway (1995); Blaylock and 
Huang (2000) and Adriano (2001 ), the 
permissible safe levels of the heavy 
metals, particularly Zn, Pb and Cu, are 
120, 70 and 50 mg kg-1 soil, respectively. 
Consequently, the levels assigned for 
such sub-treatment, in the present study, 
were a collection of the allowed limits of 
such elements, and another containing a 
duplicate level of each element in the 
mixture, i.e.: 

P1= 120 Zn, 70 Pb and 50 Cu mg kg-1 soil. 
P2= 240 Zn, 140 Pb and 100 Cu mg kg-1 soil. 

2.2. Experimental Technique 
A greenhouse experiment had been 

conducted, using plastic pots (25x30cm). 
Seven kg of the soil were packed in each 
pot after being thoroughly mixed with the 
calculated amount of each organic material, 
i.e. rates of 0.5 & 1.0 %C. All pots were then 
moistened to 60% of the water-holding 
capacity of the soil for one week before 
planting. 

The experimental sub-treatments were 
arranged in a complete randomized block 
design with 6 replications of each. Seeds of 
faba bean were inoculated, before sowing, 
with the specific diazotrophs, namely 
Rhizobium Leguminosarum. Eight seeds of 
faba bean or maize, were planted in each 
pot, according to the cultivation season (on 
15th October and 15th April, respectively). 
After complete germination, seedlings were 
thinned to 4 plants /pot, and Mixtures of 
pollutant treatments (P1& P2) were then 
added with irrigation water. The 
experimental sub-treatments were fertilized 
with superphosphate for each crop (at a rate 
of 200 kg/ fed.) before planting, and both 
ammonium nitrate ( at 50 and 200 kg/ fed., 

for faba bean and maize, respectively) and 
potassium sulphate ( at a rate of 100 kg/ fed. 
for each crop) after thinning, according to 
the recommendations of the Egyptian 
Ministry of Agriculture. Soil moisture content 
had been maintained, at the field capacity in 
all pots during the experimental period, via 
regular compensation every three days . 
Faba bean plants of three pots of each sub
treatment were carefully uprooted at each of 
two growth periods after planting. For faba 
bean, the first sampling took place after 45 
days, through full tillering, and the second 
followed by 45 more days . For maize, the 
first sampling occurred after 30 days and the 
later was performed on the 60th day. 
Nodules of the faba bean fresh roots were 
counted directly after taking the intact plants 
carefully off the pots. 

2.3. Laboratory Determinations 
2.3.1. Initial soil analysis: 

•!• Physical properties .. (Kiute, 1986): 
Mechanical analysis was 

determined by the universal pipette method, 
using sodium oxalate as a dispersing agent. 

•!• Chemical properties.. (Page et 
a/., 1982): 

- Organic matter content was assessed by 
means of Walkly and Black method. 

- Soil pH value was measured, in the 1:2.5 
soil-water suspension, using standard 
glass electrodes (pH meter). 

- Calcium carbonate content was 
determined volumetrically, using a 
calcimeter. 

- Total salinity (EC) was determined in the 
1 :5 soil/water extract, using an electrical 
conductivity meter (salt bridge). 

- Soluble ions, i.e. the cations Ca2+, Mg2+, K+ 
& Na+ and the anions cot, HC03

-, cr & 
sot were determined in the 1:5 soil
water extract, following the traditional 
standard methods. 

- Total and bioavailable amounts of each of 
Zn, Pb & Cu were determined by atomic 
absorption spectrophotometer. 

2.3.2. Biochemical Assay .. (Casida 
eta/., 1964): 

1972 



Microbial activities in chemically polluted soil amended with organic ........... . 

- Dehydrogenase activity "DHA" in soil, was 
determined colourimetrically, for the 2,3,5-
trij)henyl formazan (TPF) produced from 
the reduction of 2,3, triphenyl tetra zolium 
chloride (TTC), using acetone for 
extraction. DHA had been assayed in the 
soil under the growing plants. at two 
peFiods after planting, i.e. 45 & 90 days 
for faba bean and 30 & 60 days for maize. 

2.3.3. Plant analysis: 
A portion of faba bean shoots was oven 

dried at 1 05 C0 to estimate the dry weight, 
whereas another portion was dried at 70 
C0

, then digested using a mixture of i :3 
concentrated perchloric acid : sulphoric 
acid. 
Nitrogen content in the acid digest of plant 
shoots, was determined, following the 
conventional method by means of a semi
micro-steam Kjeldahl distillation 
apparatus (Cottenie eta/., 1982). 

2.3.4. Calculations: 
Raw results ( analytical data of the 

replicates means of the various sub
treatments) were further calculated on the 
dry weight basis of the plants and/or soil, as 
convenient. 

Rates of the relative changes of the final 
results (as percent) "RC%" were calculated 
for the result tabulated for a particular sub
treatment, referring to the result of the 
specific dual control (without both organic 
amendments and pollutants "OoP0"). 

Result of a particular sub treatment 
-Result of the dual control "0

0
P

0
" 

RC% =- xlOO 
Result of the dual control "0

0
P 

0
". 

RESULTS AND DISCUSSION 
1.Bacterial Nodulation on Faba 

Bean Plant Roots 
The effect of organic amendments 

(compost, biogas manure or humic acid) on 
number of bacterial nodules formed on the 
roots of faba bean plants grown on the 
chemically polluted soil with heavy metals 
mixture (Zn+ Pb+ Cu), at the first growth 
period (45 days) and the second (90 days), 
appeared in Table (3). Data show that, 

application of the organic materials to the 
un~polluted soil, increased the number of 
bacterial root nodules with increasing the 
applied rate up to 1.0% O.C .. Humic acid 
revealed a superiority, in such connection, 
above the other additives at the first growth 
period. However, at the later one, action of 
humic acid was replaced with compost. 
Biogas manure had occupied the second 
rank in all cases. Related results were 
obtained by Abdei-Wahab et a/. (2009). In 
this regard, Saad (2013) reported that, 
application of organic matter to soils 
generally increased the microbial activity, 
and subsequently a greater number of 
bacterial root nodules in legume plants were 
detected. 

Concerning the influence of pollutants 
mixture (Zn+ Pb+ Cu}, added to the soil at 
two levels (P1 & Pz}, on number of bacterial 
nodules formed on the roots of faba bean 
plants, data of Table (3) exhibited that, at 
the lower level (P1) nodulation capacity very 
slightly diminished, whereas elevating the 
pollution level (P2) actually inhibited such 
bacterial process. Organic materials are the 
sole depot of carbon and energy for the 
chemoheterotrophic microbial community in 
soil including the diazotrophy Rhizobium 
(Paul and Clark, 1996). Accordingly, 
abundant invasion takes place into the faba 
bean roots. The narrower C/N ratio of humic 
acid than the other organics applied (Table 
2a) facilitated the nutritional supply generally 
for both soil microorganisms and growing 
plants at the first time of detection. However, 
such advantage of humic acid had not stood 
longer because of its early breakdown. 
Consequently, compost, with its wider C/N 
ratio excelled the others later on. 

1973 

Addition of heavy metal mixtures 
generally decreased the numbers of faba 
bean root nodules, at both growth periods, 
very slightly at the lower level (P1) 

(Table 3). Such nodule counts indicated a 
probable moderate resistance or tolerance 
of that specific bacterial agent to the heavy 
metals harm, supported by favourable soil 
conditions, organic additives and growing 
plants (Wild and Russell, 1988; Alloway, 
1995 and Pool, 2013). 
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Table (3): Influence of organic amendments on the number of nodules formed on rocts of 
Faba Bean plants grown on the chemically polluted soil at both growth 
per1ods. 

First Growth Period (45 days) 1 Second Growth Period (90 days) 
Organic 

Amendments and Levels of Pollutants Mixture (Zn+ Pb+ Cu)* 
their Application 

Po p1 Pz Mean 1 Po p1 Pz Mean 
Rate (%0C) 

Number of Root Nodules ( No/ plant) 

Control Oo 55 50 

0.5 61 59 

Compost 1.0 70 70 

Mean 62 60 

0.5 67 67 

Biogas 
manure 

1.0 74 73 

Mean 65 63 

0.5 76 74 

Humic 1.0 82 84 acid 
Mean 71 69 

.. * Po= Control (no addttton of heavy metals). 
P1 = 120 Zn+ 70 Pb+ 50 Cu mg kg-1 soil. 
Pz = 240 Zn+ 140 Pb+ 100 Cu mg kg-1 soil. 

30 

52 

62 

48 

64 

64 

53 

68 

72 

57 

2. Nitrogen Content in Faba Bean 
Plant Shoots 
Data noted in the preceded Table (4) 

display that, application of the organic 
amendments each alone (compost, biogas 
manure or humic acid) to the clay soil, 
without heavy metals addition, generally 
enhanced the faba bean plant growth, and 
subsequently concentration and uptake of 
nitrogen besides that biologically fixed, at 
both detection periods(45 and 90 days), 
compared to the un-amended soil (control). 
Direct relation was obtained by elevating the 
rate of application (1.0% C). Higher contents 
of nitrogen determined in the shoot tissues, 
at the later plant sampling, was actually a 
result of accumulation of the nutrient by 
advancing the growth period. Humic acid 
was the most encouraging and followed by 
biogas manure and then compost. This was 

45 68 54 35 52 

57 90 85 74 83 

67 94 90 80 88 

- 84 76 63 -

66 84 72 66 74 

70 88 80 70 79 

- 80 69 57 -

73 72 70 55 66 

79 86 77 60 74 

- 75 67 50 -

the order at the first plant sampling, but as 
the time elapsed, compost was the 
uppermost treatment. This was confirmed by 
the rates of relative changes "RC %". 
Noteworthy that, the RC values of the 
organic additions at Po decreased at the 
second sampling due to a lower rate of 
absorption. Similar results were obtained by 
EI-Shouny (2011) and Sadek and Sallam 
(2012). 

Addition of pollutants mixture ( Zn + Pb + 
Cu ) at both levels ( P1 & Pz ), generally 
diminished the content of nitrogen at the first 
and second growth periods (Table 3). The 
higher level (P2) severally decreased such N 
values. The lower RC values indicated the 
inhibition power among the various 
treatments. Related results were obtained 
by Sheppard (1998) and Chen eta/. (2007). 

1974 
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Table (3): Influence of organic amendments on the number of nodules formed on rocts of 
Faba Bean plants grown on the chemically polluted soil at both growth 
per1ods. 

First Growth Period (45 days) l Second Growth Period (90 days) 
Organic 

Amendments and Levels of Pollutants Mixture (Zn+ Pb+ Cu)* 
their Application 

Po p1 p2 Mean 1 Po p1 p2 Mean 
Rate (%0C) 

Number of Root Nodules ( No/ plant) 

Control Oo 55 50 

0.5 61 59 

Compost 1.0 70 70 

Mean 62 60 

0.5 67 67 

Biogas 
manure 

1.0 74 73 

Mean 65 63 

0.5 76 74 

Humic 1.0 82 84 acid 
Mean 71 69 

.. * Po= Control (no addttton of heavy metals). 
P1 = 120 Zn+ 70 Pb+ 50 Cu mg kg-1 soil. 
Pz = 240 Zn+ 140 Pb+ 100 Cu mg kg-1 soil. 

30 

52 

62 

48 

64 

64 

53 

68 

72 

57 

2. Nitrogen Content in Faba Bean 
Plant Shoots 
Data noted in the preceded Table (4) 

display that, application of the organic 
amendments each alone (compost, biogas 
manure or humic acid) to the clay soil, 
without heavy metals addition, generally 
enhanced the faba bean plant growth, and 
subsequently concentration and uptake of 
nitrogen besides that biologically fixed, at 
both detection periods(45 and 90 days), 
compared to the un-amended soil (control). 
Direct relation was obtained by elevating the 
rate of application (1.0% C). Higher contents 
of nitrogen determined in the shoot tissues, 
at the later plant sampling, was actually a 
result of accumulation of the nutrient by 
advancing the growth period. Humic acid 
was the most encouraging and followed by 
biogas manure and then compost. This was 

45 68 54 35 52 

57 90 85 74 83 

67 94 90 80 88 

- 84 76 63 -

66 84 72 66 74 

70 88 80 70 79 

- 80 69 57 -

73 72 70 55 66 

79 86 77 60 74 

- 75 67 50 -

the order at the first plant sampling, but as 
the time elapsed, compost was the 
uppermost treatment. This was confirmed by 
the rates of relative changes "RC %". 
Noteworthy that, the RC values of the 
organic additions at Po decreased at the 
second sampling due to a lower rate of 
absorption. Similar results were obtained by 
EI-Shouny (2011) and Sadek and Sallam 
(2012). 

Addition of pollutants mixture ( Zn + Pb + 
Cu ) at both levels ( P1 & Pz ), generally 
diminished the content of nitrogen at the first 
and second growth periods (Table 3). The 
higher level (P2) severally decreased such N 
values. The lower RC values indicated the 
inhibition power among the various 
treatments. Related results were obtained 
by Sheppard (1998) and Chen eta/. (2007). 
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Application of organic supplements in 
combination with the heavy metals mixture 
to the examined soil, reduced the inhibitory 
effect of such pollutants to the benefit of 
plant growth. This was besides that organic 
materials, in general, and legume 
diazotrophy, in particular, are main supplies 
of plant nitrogen. Thus, such sources are 
available in the present study. Opposite 
relation existed between the influences of 
both organic substances and pollutants 
rates, on N contents in the plants. Again, 
humic acid and compost occupied the most 
effective situation, respectively, between the 
first and second growth periods, whilst the 
biogas manure had remained at the middle. 
Chelation reaction for heavy metals by 
organic materials is the bioremediator 
against the deleterious activities in 
the minerally polluted soil, had been 
reported by (Masil and John,2002; Julio et 
a/., 2007; Trigo eta/., 2009 and Angelova et 
a/., 201 0). 

3. Dehydrogenase Activity in the 
Soil Planted with Faba Bean 
and Maize 
Dehydrogenase activity (DHA) is 

frequently used as a measurement of 
the overall microbial activity in soil. Results 
of DHA in the rhizosphere soil of faba bean 
plants are declared in Tables (5&6). Data 
revealed that, application of organic 
amendments, without heavy metal pollution, 
enhanced the rate of dehydrogenase activity 
in a direct relation with the rate applied (0.5 
to 1.0%C), as compared with the control 
"Oo". Superiority was observed to be for 
humic acid, at the first growth period, and 
compost, at the second, while biogas 
manure was in between at both periods. The 
RC values verified such detection. DHA of 
the soil under faba bean plants appeared to 
be higher than that under maize plants. The 
activity values gained at the first soil 
sampling seemed to be lower than the later 
one. Early degradation of humic acid, due to 
its narrower C/N ratio (Table 2) (shorter 
persistence), resulted in its superiority at the 
first enzyme assay, and inferiority later on, in 
an opposite position of compost (longer 
persistence). 

Organic substances are polymer~ \ of 
compounds, consisting of nutritiorral 
elements needed for living beings\ 
Reduction reactions are behind the 
polymerization processes, thus to make use 
of the tied nutrients, such polymers must be 
depolymerized via oxidation or 
dehydrogenation processes. This is 
achieved by a catalytic reaction drived by 
the enzyme dehydrogenase produced by 
soil microorganisms (Poole, 2013). Through 
the breakdown of organic materials, many 
metabolites are transitionally formed. Among 
these intermediary products are poly 
carboxylic organic acids and poly phenols. 
Such metabolites are involved in the so
called chelation reactions, by which heavy 
metals (polyvalent cations) are captured and 
consequently their bioavailability and 
pollution action in soil become limited (Wild 
and Russell, 1988 and Alloway, 1995). 

Regarding the effect of the added heavy 
metals composite (Zn+ Pb+ Cu), in absence 
of organic additives on DHA in the soil 
planted with faba bean and maize, the 
results exhibited that, such enzyme activity 
slightly decreased at the lower level (P1), 

and severely at the higher one (P2). 

Application of organic supplements largely 
improved the passive action of the mineral 
pollutants on the enzyme activity in soil, with 
the higher application rate of the organics 
giving better results. Humic acid, 
alternatively with compost, between both 
sampling times, were the fittest, whilst 
biogas manure had positioned second 
consistently. Microbial activities in soil under 
faba bean plants were less susceptible than 
those under maize ones. Hence, plant kind 
and its root exudates are involved in such 
concern (Curl and Truelove, 1986; Wild and 
Russell, 1988; Tomoyoshi et a/.,2005 and 
Wang et a/.,2007). Values of the relative 
changes "RC%" clearly support the results 
gained ( EI-Howeity et a/., 2008 and Shalaby 
eta/., 201 0). 

A number of heavy metals are 
considered as micronutrients for plants and 
microorganisms, as they are required at low 
amounts to play specific roles in various 
metabolic processes, mainly as co
enzymes. Particularly, zinc contributes to the 
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Microbial activities in chemically polluted soil amended with organic ........... . 

synthesis of the enzymes dehydrogenase, 
proteinases, peptidases and phosphor 
hy"Jrolases. Zinc also influences the 
p .armeability of membranes and that 
stabilizes cellular compounds and systems 
of microorganisms. Copper plays vital 
functions in N-reduction and diazotrophy 
and cell wall metabolism. Both zinc and 
copper are involved in the metabolism of 
DNA, RNA, protein and carbohydrates in 
both plants and microorganisms. No 
evidence has declared necessity of lead to 
plants or microorganisms, otherwise it could 
be toxic even at low concentrations (Masif 
and John, 2002; Zeig and Taiz, 2010 and 
Poole, 2013). 

The ability of organic substances and 
their metabolites to bind and chelate heavy 
metal ions in soil may be due to their high 
content of oxygen- containing functional 
(reactive) groups within various structures 
(Table 2), and thus reducing the 
bioavailability of such hazardous minerals, 
for the favour of pollution control or 
"bioremediation". 
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