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Abstract. The dissolution of chalcopyrite with hydrogen peroxide in sulphuric acid solution was investigated. The
influence of temperature, stirring speed, concentrations of hydrogen peroxide and sulphuric acid, as well as the particle
size of chalcopyrite were studied. Increase in the concentration of sulphuric acid had a positive effect on the dissolu-
tion of the chalcopyrite. Stirring speed had a negative effect on the dissolution of chalcopyrite as it enhanced the
decomposition of hydrogen peroxide. The dissolution process was found to follow a shrinking-core model, with sur-
face chemical reaction as the rate determining step. This is in agreement with the activation energy of 39 kJ/mol, and
a linear relationship between the rate constant and the reciprocal of the particle size. The dissolution process was
postulated to be electrochemical in nature.
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Introduction
It is possible in principle to roast the sulphide ore of copper to
the oxide, and then reduce it by carbon in blast furnace. How-
ever, since the concentrates also contain iron sulphide, iron
oxide will be formed. In fact, oxidation of copper sulphide
does not occur until iron sulphide is fully oxidized to ferric
oxide. This ferric oxide is difficult to remove by slagging.
Moreover, the matte smelting is carried out easily without the
use of any reductant. Therefore, blast furnace smelting is not
suitable for the extraction of copper (Gosh and Ray, 1991).
With the gradual depletion of rich ore deposits, it is becoming
increasingly difficult in many situations to apply the conven-
tional pyrometallurgical methods for metal extraction. If there
is too much gangue in a mineral ore, then the processing of
the ores at high temperature causes wastage of energy. The
disposal of slag and the release of gaseous pollutants into the
environment are serious problems (Gosh and Ray, 1991).  The
siliceous gangue in the ore is unaffected by most leaching
agents, whereas in the pyrometallurgical smelting processes,
thermodynamically stable mattes are formed which reduce the
extraction of the metals. Hydrometallurgical processes are
suited for lean and complex ores.

In most hydrometallurgical processes, high level of extrac-
tion of the base metals is achievable. In these cases, high oxi-
dation potential is required (Ekinci et al., 1997).  The dissolu-
tion of mineral ores in aqueous solution may be a physical,
chemical or electrochemical process, or a combination of these
processes. The crystalline nature of the mineral, its state or
subdivisions, its defect structures, and other factors play an

important role in the dissolution (Copur, 2001). Chalcopyrite
usually occurs together with other sulphide minerals to con-
stitute complex sulphide ores (Gomez et al., 1997).

Hydrogen peroxide is a good oxidizing agent as depicted by
the redox potential of 1.77 V in acid medium (Cotton and
Wilkinson, 1980; Alimarin et al., 1976; Wood and Holliday,
1967).   The oxidative action of hydrogen peroxide in acidic
medium is based on its reduction according to the following
equation:

H2O2 + 2H+  + 2e−   ⎯→  2H2O      (1)

However, hydrogen peroxide can also act as a reducing agent
in accordance with equation (2) below :

H2 O2  ⎯→  O2  + 2H+  + 2e−    (2)

Hydrogen peroxide has been used as a leaching agent for
uranium ores (Jiang et al., 2002), and its use has been also
studied with a zinc-lead bulk sulphide concentrate (Antonijevic
et al., 1997), as well as with the concentrate of pyrite (Balaz
and Ebert,1991) and sphalerite (Copur, 2001).

In the present study was investigated the dissolution of chal-
copyrite in hydrogen peroxide acidified with sulphuric acid
under various variables, such as temperature, concentrations
of hydrogen peroxide and sulphuric acid, stirring speed, and
the chalcopyrite particle size.

Materials and Methods
A sample of chalcopyrite concentrate from a Nigerian deposit
was crushed, ground into fine powder, and sieved through stan-
dard ASTM sieves to obtain fractions of 100, 200, 250 and
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300 μm. The analysis of the ore sample for some elements
and oxides was carried out using standard methods (Furman,
1963), which has been reported in Table 1.

The dissolution experiments were carried out in a 250 ml
reactor made up of a 3-necked Pyrex glass vessel in a ther-
mostatic heating mantle. The reactor was equipped with a
condenser and an overhead mechanical stirrer. The reactor
was charged with 50 ml hydrogen peroxide and 50 ml
sulphuric acid. When the desired temperature was attained,
1.0 g of the chalcopyrite was added to the acidified perox-
ide solution, stirring was continued, and the desired tem-
perature of the reaction mixture was maintained constant.
Two ml of the solution was withdrawn from the reactor at
various time intervals and diluted with distilled water to
25 ml in a volumetric flask. The study of reaction kinetics
was based on the amount of copper leached in the solution
as a function of time. The amount of copper was determined
using atomic absorption spectrophotometer.

For calculation of the fraction of copper leached, the equa-
tion developed by Papangelakis and Demopoulos (1990) was
used, which includes within itself the correction factors to ac-
count for the volume and mass losses due to sampling and
handling procedures. The fraction was calculated by dividing
the amount of solubilized copper at the time of sampling by
the amount of copper contained in the chalcopyrite at the
beginning of the reaction.

Results and Discussion
Dissolution process. There are many studies related to the
dissolution of chalcopyrite in various media (Jena and
Brocchi, 1992). Direct chlorination of complex sulphides of
copper, nickel and iron has been investigated by several
authors (Smith and Iwasaki, 1985; Pilgrim and Ingrahm, 1967;
Hohn, 1958). Jackson and Strickland (1958) studied the
kinetics of dissolution of some common sulphide minerals,

including chalcopyrite, pyrite, sphalerite and galena in chlo-
rine-saturated water.  Dissolution of sulphide in oxidizing
medium has been investigated by other researchers, who have
reported that the sulphide is oxidized in two stages.  In the
first stage, sulphide is converted to elemental sulphur, and
in the second stage the elemental sulphur is converted to
sulphate (Copur, 2001).

At low temperature, most of the strong oxidising agents
studied oxidise sulphide to elemental sulphur, wheres
at temperature above 180 oC sulphate is formed (Ekinci
et al.,1997).

In aqueous solution, hydrogen peroxide dissociates to very
reactive radicals (Moore et al., 1978):

H2O2 (aq) −⎯⎯→     H+  +  HO2− (3)

The peroxide radicals react with sulphide ion, as shown in
equation (4):

HO2-
(aq) + S2−   ⎯⎯→   S(s) + H2O (4)

the base metal, copper, reacts with sulphate, as shown in
equation (5):

Cu2+
(aq) + SO

4
2−   ⎯⎯→   CuSO4 (aq) (5)

The effect of initial concentration of hydrogen peroxide.
Investigations on the effect of initial concentration of H2O2

on chalcopyrite dissolution were carried out in the concen-
tration range of 10-30%, conducted at 323 K and 1.0 mol/
litre H2SO4. The results showed that concentration had a posi-
tive effect on the dissolution of chalcopyrite. It was observed
that there was a linear relationship for the range between 10
and 15%. As the concentration increased, deviation from lin-
earity was noted (Fig. 1). The deviation might be due to the
decomposition of hydrogen peroxide at higher concentra-
tions which resulted in a slight reduction in the reaction rate.
This means that H2O2 decomposition was faster at higher
concentrations, leading to a significant lowering of its
concentration.

The effect of sulphuric acid concentration. The effect of
initial sulphuric acid concentration was investigated at the
concentration range of 0.1- 6.0 mol/litre at 323 K and 20%
H2O2. The dissolution curves are illustrated in Fig. 2. It was
observed that increase in the concentration of the acid resulted
in a significant increase in the dissolution of chalcopyrite. Thus,
dissolution rose to about 80% in 30 min of the leaching time
at 6.0 mol/litre. This suggests that sulphuric acid had a sig-
nificant effect on the oxidation of sulphide in order to release
the copper ion. The effect of the acid was due to the increase
in the redox potential of the oxidant (Cotton and Wilkinson,

Table 1. Elemental composition of chalcopyrite ore from a
Nigerian deposit

Element/ Weight
oxide (%)

Cu 32.49
Fe 17.04
SiO2 13.97
S 11.91
Al2O3 5.98
MgO 0.78
CaO 0.60

←⎯⎯−
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1980; Alimarin et al.,1976). The hydrogen ion concentration
increases the redox potential of hydrogen peroxide, which
consequently increases the rate of the reaction.

The effect of reaction temperature. For noting the effect of
temperature, experiments were conducted in the temperature
range of 303-353 K with the initial H2O2 and H2SO4 concen-
trations of 20% and 0.1 mol/litre, respectively. The dissolu-
tion curves are shown in Fig. 3, from which it may be noted
that dissolution of chalcopyrite increased with increasing tem-
perature. The curves for the temperature at 343 K and 353 K
showed a levelling off at 90 min, indicating that dissolution at
this stage had almost ceased. This might be due to the decom-
position of H2O2 at the higher temperatures, which was par-
ticularly evident at the temperatures above 333 K.

The effect of stirring speed. The effect of stirring speed on
the rate of dissolution of copper from chalcopyrite was car-
ried out at the speeds of 300, 400 and 700 rpm at the concen-
trations of 20% H2O2 and 0.10 mol/litre H2SO4 at 323 K. The
experiment was also examined without stirring, other condi-
tions having been kept constant. The results revealed an
irregular pattern (Fig. 4). The values obtained at 400 rpm were
higher than those obtained at 700 rpm, the least values were
obtained at 300 rpm. The highest dissolution rate was observed
when there was no mechanical stirring. This observation
showed that better contacts were made when there was no
mechanical stirring. Similar observation has been reported for
pyrite oxidation (Dimitrijevic et al., 1999). As a result of stir-
ring, decomposition of H2O2 takes place faster, which is ac-
companied by the evolution of molecular oxygen that got
adsorbed onto the chalcopyrite particle surface, thus hinder-
ing in the particle contact with peroxide. Based on these ob-
servations, other experiments were carried out with occasional
stirring. It has been already pointed out that as a result of the
dissolution of particles by hydrogen peroxide, mixing of par-
ticles occurs, optionally termed ‘self-mixing’ caused by oxy-
gen bubbles rising in the solution. These bubbles are produced
by hydrogen peroxide decomposition, which is often catalysed
by the solid particles as well as by the genrated Fe3+ and Cu2+

ions (Cotton and Wilkinson, 1980; Wood and Holliday, 1967).
The catalytic decomposition by the particles and the ions were
suppressed by the addition of H2SO4 and acetanilide to stabi-
lize hydrogen peroxide (Wood and Holliday, 1967).

The effect of particle size. The effect of particle size on the
rate of chalcopyrite dissolution was studied using four par-
ticle size fractions (100, 150, 200, 300 μm) at 323 K in solu-
tions of 20% H2O2 in 0.1mol/litre H2SO4. The results as
shown in Fig. 5 reveal that smaller particles had a faster rate
of dissolution than larger particles. The kinetic curves were
linearised by  applying equation (6).

1- (1-X)1/3  = 
bkCA      t      (6)

        ρB R

where:

X = the reacted fraction
t = the time (sec)
ρB = the average molar density of ore (mol/m3)
R = the radius of the solid particle (m)
b = the stoichiometric coefficient of the solid reacting
       with 1 mol of hydrogen peroxide
k = the rate constant for surface reaction (m s–1)
D = diffusion coefficient (m2  s–1); see equation (8)
CA = the concentration of hydrogen peroxide (mol m–3)

Fig. 1. The effect of different concentrations of H2O2 on
the dissolution of chalcopyrite; the fraction of
Cu was calculated by dividing the amount of solu-
bilized Cu at the time of sampling by the amount
of Cu contained in chalcopyrite at the beginning
of the reaction in accordance with Papangelakis
and Demopoulos (1990).
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Fig. 2. The effect of different concentrations of H2SO4
on the dissolution of chalcopyrite with H2O2
(20%) at 323 k; the fraction of Cu was calcu-
lated as noted in Fig. 1.
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The apparent rate constants kx  were drawn as a function of
the inverse of the particle radius (Fig. 6). A linear relation-
ship between kx versus 1/ro confirms the chemical reaction
on the chalcopyrite surface as the rate-controlling step (Gosh
and Ray, 1991; Levenspiel, 1972).

Kinetics analysis: shrinking-core model. Two simple, ide-
alized models are available for the analysis of non-catalytic
reaction of particles in a surrounding fluid, namely, the pro-
gressive conversion model and the unreacted-core model. The
progressive conversion model can be described by a particle,
which is undergoing some form of a continuous conversion at
all the locations within the material. The unreacted-core model
is a progression of the reaction from the outer surface of the
particle inward. The reaction zone moves into the solid, leav-
ing behind completely converted and inert residue. At any
given time there will exist an unreacted core of material, which
is progressively reduced with the extent of reaction and time
(Mgaidi et al., 2004; Levenspiel, 1976).

The kinetic analysis was tested according to the unreacted-
core model, if a reaction such as the following accurred:

aA(fluid)  + bB(solid) ⎯⎯→   products (7)

The reaction is controlled by diffusion through the product
layer; the integrated rate equation is thus given as:

1- 3(1-X)2/3   + 2(1-X) = 
6bDCA 

 t (8)
             ρB R

2

If the reaction given in equation (7) is chemically controlled,
then the integral rate expression becomes:

1- (1-X)1/3   =   
 bkCA 

     t (6)
            ρB R

On comparing equations (6) and (8), by plotting the experi-
mental values of the dissolved copper versus time, the plot of
equation (6) gave the best straight line as shown in Fig. 7. The
rate constants were calculated as slopes of the straight lines.
By using the value of the slopes, the Arrhenius plot in Fig. 8
was obtained, from which the apparent activation energy of
39 kJ/mol was calculated. Such a value of the activation
energy obtained, suggested a chemical reaction at the chal-
copyrite surface (Gosh and Ray, 1991; Biswas, 1987) and was
the rate-determining step in the dissolution of chalcopyrite by
hydrogen peroxide in sulphuric acid.

Electrochemical mechanism. Many dissolutions by oxidation
reactions are electrochemical in nature. Direct leaching of sul-
phide minerals has been presumably argued to follow an elec-

Fig. 4. The effects of different stirring speeds on the
dissolution of chalcopyrite with H2O2 in H2SO4,
respectively, 20% and 0.1 mol/litre at 323 K. The
fraction of Cu was calculated as noted in Fig. 1.
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Fig. 3. The effect of different temperatures on the
dissolution of chalcopyrite with H2O2 in H2SO4,
respecively, 20% and 0.1 mol/litre; the fraction
of Cu was calculated as noted in Fig. 1.
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trochemical mechanism by many authors (Verbaan and
Crundwell, 1986; Bobeck and Su, 1985; Warren  et al., 1985;
Hiskey and Wadsworth, 1981; Rath et al., 1981; Dutrizac and
McDonald, 1978; Demopoulos, 1977). The pressure oxidation
of both pyrite and arsenopyrite has been well established to be
electrochemically controlled (Bailey and Peters, 1976). Simi-
larly, the pressure leaching of sphalerite and chalcopyrite has
also been shown to follow electrochemical mechanism (Harvey
et al., 1993; Lin et al., 1987; Price and Warren, 1986).

During the oxidation of sulphide ore, the electrons produced
are not restricted to any particular location but are free to
move through the system, provided that the system is elec-
tronically conducting (Gosh and Ray, 1991). Thus, equiva-
lent number of electrons may be released to the oxidizing
media anywhere on the surface. Under these conditions, the
mineral would be oxidized in some areas (anodic areas). At
some other areas, electrons would be transferred to the oxi-
dizing agent. Since such reactions are electrochemical in na-
ture, these can be accelerated through the application of suit-
able potential on the ore body. Overall, the reaction for the
dissolution of sulphide in acid media is a reaction which is
sensitive to applied potential.

Hydrogen peroxide is a compound of oxygen. As such,
in its chemistry it is close to the oxidation behaviour of
oxygen. The hydrogen peroxide undergoes heterolytic
fission according to equation (3) to produce very reac-
tive superoxide radicals (Cotton and Wilkinson, 1980;
Alimarin et al., 1976). The hydrogen peroxide-chalcopy-
rite surface contains both cathodic and anodic reaction
sites. The superoxide radical (cathodic) is adsorbed on
the mineral surface followed by an electron exchange,
as the reduction of the radicals and oxidation of the sul-
phide is carried out simultaneously. The principal reac-
tion at the electrodes being:

MS    ⎯⎯→    M2+  +  S + 2e –      (9)

The reduction of the superoxide to hydroxide and subsequent
neutralization are as below:

HO2
–   +   H2O   +   2e –    ⎯⎯→        3OH–    (10)

H+   +   OH–    ⎯⎯→    H2O    (11)

Each of these reactions (equations 9-11) has a unique electrode
potential associated with it. The reduction of superoxide may
proceed either by a two-electron process to hydroxide ion or
decomposition to produce oxygen and hydroxide ion (Cotton
and Wilkinson, 1976). The reaction path hypothesis being:

Fig. 6. The linear relationship of apparent rate constant
(kx) versus inverse of the chalcopyrite particle
radius (1/ro ).
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(a) the adsorption of the HO
2

– on the surface of the particles
as below:

MS(s)  +  2HO
2

–    ⎯⎯→   MS(.O2H)  (ads)    (12)

(b) the electron transfer occurs as:

MS.O2H   +   H2O ⎯⎯→  M2+   +   S(–  OH)3    (13)

(c)  the neutralization of the hydroxide occurs as:

S(–  OH)3  +  3H+   ⎯⎯→  S.3H2O    (14)

The redox reaction is usually a slow process and so the reduc-
tion of the superoxide at the mineral surface is most probably
the rate-controlling step in the dissolution process. The actual
rate-controlling step is most likely the one-half electron transfer
stage.
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Introduction
A material can be considered partially crystalline and partially
amorphous. The determination of percentage crystallinity is
of significance in understanding the material properties and
qualities. The degree of crystallinity not only affects the long-
term stability of the chemical compounds, but also their bioac-
tivity, which could mean the difference between effective and
ineffective doses. Even the clay used for medicinal purposes
must have good quantity of the crystalline material to be effec-
tive (Osol, 1955). Relative percentage crystallinity determina-
tion is also essential for the polymeric materials to evaluate
their qualities. Kratos Analytical (1999) determined the per-
centage crystallinity of polymeric materials to be about 50%
by Fourier method. A standard method for the determination
of percentage crystallinity for zeolite only has been developed
(ASTM, 2003). There are a number of methods for the determi-
nation of percentage crystallinity. However, the accuracy, pre-
cision, and general validity of each technique is still being
investigated (Al-Aloush and Al-Raqibah, 2000). Crystallinity
of only one or two organic or inorganic crystalline compounds
has been reported by each method.

During the development of clay catalysts, Ehsan et al. (1999)
observed that crystallinity and amorphous ratio of the clay
and associated minerals play an important role in the activity
of the catalyst. This led us to investigate further the relative
crystallinity of minerals and clay minerals. In this study is
reported the relative percentage crystallinity of smithsonite,

fluorite, zircon, gibbsite, quartz, aragonite, albite, calcite, dolo-
mite, anatase, barite, wollastonite and siderite. These minerals
are commercially exploited as gemstone, ornamental stones,
abrasives and building stones. Relative crystallinity is an
essential property which must be measured for the evaluation
of these materials, since chemical evaluation of these mate-
rials will only tell us the chemical composition of the materials.

In this study, we have used WinPlotr (Roisnel et al., 2002) and
PowderX (Dong, 1999) programmes for the calculation of
relative percentage crystallinity. These programmes were used
with the permission of their developers, which have not been
previously employed for the determination of relative crys-
tallnity. As such, the relative crystallinity of the studied mine-
rals is being reported for the first time. When this work was in
progress, ASTM published a standard test method for the
determination of zeolite sodium by X-ray diffraction as the
Standard Number D5357-98 (ASTM, 2003).

Materials and Methods
All the specimens used in the present study (Table 1) were
ground to 200-300 mesh size (74 to 50 μ). These samples were
run on Siemens D5000 X-ray diffractometer. The noise (Fig. 1)
present in the spectrum of siderite was removed, and was
levelled  (Fig. 2 and 3). The X-ray diffraction patterns of these
specimens were verified by using the JCP.CAT programme
provided with the Siemens D5000 X-ray diffractometer. This
programme contains D/I values of about 60,000 Standards.
The files of these XRD spectra were copied onto another com-
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puter which contained WinPlotr (Roisnel et al., 2002) and
PowderX (Dong, 1999) programmes. The intensities of crys-
talline and amorphous peaks of these minerals were deter-
mined by both the programmes.

The crystalline peaks were selected by visual observation.
The area was calculated by second derivative method of the
PowderX (Fig. 4). The total area of the crystalline and amor-
phous phase was obtained by simply adding areas of all the
peaks. The total crystalline phase was determined by adding
the areas of all the crystalline peaks (Table 1). The relative
percentage crystallinity was determined by dividing the area
of total crystalline phase by the total area of the crystalline
and amorphous phase (Table 2). The total area of the spectrum
was calculated with the WinPlotr programme using integra-
tion method (Fig. 5). The crystalline peaks were selected by
visual observation. Their area was also calculated by apply-
ing integration between two points (Table 1). The relative per-
centage crystallinity was determined by dividing total area of
the crystalline peaks with the total area (total intensity) of the
spectrum (Table 2).

The relative percentage crystallinity was then given by the
ratio between these two intensities (Kratos Analytical, 1999):

Ic / Ic + Ia

where:

Ic = total intensity of the crystalline peaks
Ia = total intensity of the amorphous peaks

The relative percentage crystallinity of various clays and
minerals determined by the PowderX and WinPlotr prog-
rammes, along with their chemical composition are recorded
in Table 2.

Results and Discussion
Powdered specimens (200 mesh; 74 μ) are best prepared by
placing the powder on a glass or on a plastic plate and com-
pacting under just sufficient pressure to cause cohesion,
without the use of a binder, and smoothing of the surface. Too
much pressure causes preferred orientation of the powder
particles. Culty (1956) recommended 325 mesh or 43 μ (for the
method using Debye Scherrer carmera) for metals and alloys.
It was further recommended that if relative line intensities
are to be accurately reproducible, powder should be ground
extremely fine, to a size of 10 μ or less (for diffractometer).
Generally, all types of samples are best ground to a fine pow-
der (200-300 mesh; 74 to 50 μ). Plastic samples are also ground
to 200-300 mesh (Raymond and Myers, 1953). It has been also
suggested that samples should be ground to below the par-
ticle size of 0.0002 to 0.0005 mm (2 to 5 μ) (Scintag Inc., 1999).

Particle size can be measured by XRD, as the width of XRD
peaks broadens as the crystallite size decreases. When crys-
tallites are less than approximately 100 nm, appreciable broa-
dening in the X-ray diffraction lines occurs (H and M Analy-
tical Services, 2001).
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      Fig. 2. Siderite (without noise).
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      Fig. 3. Siderite (levelled).
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It may be pointed out here that most of the work for the speci-
men preparation was related to the particle size measurement,
where the particle size was reduced to the minimum, which is
why the particle size of the specimens varied between 2 - 70 μ.
For the relative crystallinity determination, the specimen was
ground to a level where a high intensity peak of limited base
was obtained. In this study, the  most suitable size for crystal-
linity determination was noted to be 200 mesh or 74 μ. The

relative crystallinity and chemical composition of the mine-
rals are recorded in Table 2.

The curvature of diffracted intensity versus 2θ for a crystal-
line solid is almost always zero, except at certain angles where
sharp maxima occur (Culty, 1956). These are diffracted beams.
For the crystalline material, the periodic repeating electron
density would give rise to well defined diffraction peaks whose
widths are determined by the crystalline quality. High quality

Table 1. Relative percentage crystallinity of different minerals

Minerals                      PowderX programme                      WinPlotr programme
area of the total area of the area of the total area of the
crystalline crystalline and crystalline crystalline and
peaks amorphous peaks peaks amorphous peaks
(Ic) (Ic+ Ia) (Ic) (Ic + Ia)

Smithsonite 46819 47911.3 943.23 958.86
Fluorite 27668.9 28696.2 570.01 586.80
Zircon 27552.1 28551.4 784.51 841.48
Gibbsite 62174.5 65904.7 1115.56 1188.29
Quartz 35667 36960.62 998.53 1085.36
Aragonite 9143.5 9980.1 232.92 252.60
Talc 34779.9 37706.3 877.43 955.81
Albite 48266.1 55224.3 848.81 1006.54
Calcite 5283.8 6397.6 57.52 65.41
Dolomite 4145.4 5330.3 109.02 124.52
Anatase 21102.9 28238.9 496.97 697.12
Barite 20325.1 28813.58 428.95 610.78
Wollastonite 3396.5 5214.9 74.16 109.68
Siderite 4023.9 19486.5 131.70 475.30

Ic = total intensity of the crystalline peaks; Ia = total area of the amorphous peaks

Table 2. Relative crystallinity of minerals

Minerals Chemistry WinPlot PowderX
programme programme

Smithsonite zinc carbonate (ZnCO3) 98.37 97.72
Fluorite calcium fluoride (CaF2) 97.14 96.42
Zircon ziconium silicate (ZrSiO4) 93.23 96.50
Gibbsite aluminum hydroxide (Al(OH)

3
) 93.88 94.34

Quartz silicon dioxide (SiO2) 92.0 96.50
Aragonite calcium carbonate (CaCO3) 92.21 91.61
Talc magnesium silicate hydroxide (Mg3Si4O10(OH)2) 91.80 92.23
Albite sodium aluminum silicate (NaAlSi3O8) 84.33 87.40
Calcite calcium carbonate (CaCO3) 87.94 82.59
Dolomite calcium magnesium carbonate (CaMg(CO3)2) 87.56 77.77
Anatase titanium oxide (TiO2) 71.29 74.73
Barite barium sulfate (BaSO4) 70.23 70.54
Wollastonite calcium silicate (CaSiO3) 67.62 65.13
Siderite iron carbonate (FeCO3) 27.71 20.65
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crystalline materials give rise to sharp peaks of high intensity.
Smithsonite, flourite, zircon, gibbsite, quartz, aragonite, talc,
albite and calcite spectra are very good examples of the high
quality crystalline peaks. These materials yield high fre-
quency, sharp, and well defined peaks, which show that these
were very high quality crystalline materials. Dolomite, anatase,
barite and wollastonite contained wide width and slightly
broad based peaks due to paracrystalline materials. Siderite
showed the presence of a reasonable amount of amorphous
material.

In most of the cases, the crystallinity determined by the two
methods was very close within the experimental error range.
The difference in the calculated relative percentage crystalli-
nity increased with the increase of the paracrytalline material.
There are a number of methods for the determination of per-
centage crystallinity. Specifically, density, differential scan-

ning calorimetry, and modulated differential scanning calo-
rimetry are used to study crysallinity of polyethylenete-
repthalate (PET) chips, preforms, and bottles (Reading et al.,
2001; Mallapragada and Narasimhan, 2000). The accuracy, pre-
cision, and general validity of each technique and the inter-
pretation of the observations obtained are still being investi-
gated (Al-Aloush and Al-Raqibah, 2000). Most recently, ASTM
(2003) has recommended XRD method for the determination
of percentage crystallinity for only zeolite.

The results reported here demonstrate that with the help of
WinPlotr and PowderX, relative percentage crystallinity can
be determined by XRD for the routine evaluation of crystalline
minerals.

Conclusion
Percentage crystallinity is a very important property of miner-
als and clay minerals, as these are found in nature to vary
considerably in physical aspects which significantly influ-
ence their end-usage. The present study was conducted on
highly crystalline minerals. Percentage crystallinity is of par-
ticular interest as it influences the brightness, whiteness, opa-
city, gloss, film strength, viscosity, catalytic activity, and the
medicinal activity of minerals. The degree of purity of these
minerals can also be assessed from their percentage crystal-
linity. The presently described simple method can be used to
determine the percentage crystallinity of minerals.
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Abstract. Alumina nanoparticles were synthesized by homogeneous precipitation method from inorganic aluminum salt solutions
using urea followed by calcination. The nanoparticles so produced were spherical and acicular with uniform particle size distribu-
tion. The process describes synthesis of aluminum hydroxide Al(OH)3 and boehmite AlOOH, and their thermal decomposition
into alumina (Al

2
O

3
). The structural and morphological properties of the prepared aluminum hydroxide and nanocrystalline

powders were characterized by scanning eletron microscopy, differential thermal analysis and thermogravimetric analysis.
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Introduction
There is a considerable current interest in the application of
sol-gel technology to produce powders, spheres, coatings
and fibres for a variety of applications (Sakka, 2005).The ad-
vantages of this technique include: low capital cost of the
equipment, room temperature processing, low sintering tem-
peratures, high purity, three-dimensional homogeneity, and
ease of making multicomponent and well distributed small par-
ticles (Ovecoglu and Mandal, 2004).

The preparation of metal oxide powders by sol-gel technique
generally involves two-stage processes, the formation of hy-
droxide from the metal salt solution and its subsequent de-
composition. In previous investigations, aluminum metal
(Cossa, 1870), aluminum salts (Russell et al., 1970), and alumi-
num alkoxides (Yoldas, 1975) have been used as precursors to
synthesize aluminum hydroxide. The materials produced as a
result range from fibrous gels (Bugosh et al., 1962) to
monosized spheres (Maitijevic, 1981). The structures include
all the varities of crystalline, more or less amorphous alumi-
num trihydroxides, Al(OH) 3 and monohydroxides, AlOOH
(Papee et al., 1958; Imelik et al.,1954). An attempt has been
made in the present study to synthesize nanoparticles of alu-
mina from three different aluminum salts, viz., aluminum sul-
phate, aluminum chloride, and aluminum nitrate under identi-
cal reaction conditions.

Materials and Methods
Synthesis of nanoalumina.  Reagent grade aluminum chloride
AlCl

3
.6H

2
O (BDH), aluminum nitrate Al(NO

3
)

3
. 9H

2
O (PCSIR),

aluminum sulphate Al
2
(SO

4
)

3
.18H

2
O (PCSIR), and urea

(NH
2
)

2
CO were used as starting reagents. Aluminum salts were

dissolved in distilled water and the concentrations of the stock
solutions were adjusted to 1.0 mol. l-1, 1.0 mol. l-1, and 0.5
mol. l-1 of the three aluminum salts, respectively, and that of
urea to 1.0 mol. l-1. Each aluminum salt solution was mixed
with urea solution separately to prepare three reacting sys-
tems. The starting pH of each reacting solution, i.e., aluminum
salt and urea, was adjusted at 2.5 by using either NHO

3
 or

ammonia. The sols were first heated in a 2 litre glass flask at 50
°C for 1 h, and subsequently heated at the reaction tempera-
ture of 90 °C with constant stirring on a hot plate. During the
reaction, the solutions were stirred with magnetic stirrer and
volume (2 litre) was maintained throughout the reaction by
manually adding distilled water when required. The pH change
was continuously measured till it reached 7.0 at which the
solution vessels were cooled in a waterbath to stop the reac-
tion. The gels were then atomized by sublimation, followed
by cooling at 40 °C, and finally calcination  at 600 °C in an
isothermal fur-nace for 2 h.

Characterization of the products. The products were charac-
terized by scanning electron microscope (SEM), Hitachi
S-2700. To study the morphology and particle size distribu-
tion, a thin layer of the sample was prepared by dispersing it
in isopropyl alcohol. Differential thermal analyzer and
thermogravimetric analyzer  (DTA-TG), Shimadzu DT-40, was
used to study the physical and chemical changes on heating
up to 1200 °C at the rate of 10 °C per min.

Results and Discussion
The changes in the pH predict the rate and completion of the
reaction. The relationship of pH with reaction time is given in
Fig. 1. It may be noted that the initial pH of the three reacting*Author for correspondence
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solutions was 2.5. It was observed that aluminum sulphate
(AS) showed change in pH from 2.5 to 7.0 after 100 min, alumi-
num nitrate (AN) after 170 min, whereas aluminum chloride
(AC) took 285 min. The slow change was due to the acid-base
neutralization reaction. As the reaction proceeded, pH showed
a linear rise in all the three cases. However, the rate of change
of pH with respect to time was the slowest in AC, rather slow
in AN, and comparatively fast in the case of AS. Afterwards,
the reaction slowed down and only slight changes in pH were
observed.

The pH of the reacting mixture of aluminum salt and urea is
acidic in the beginning. The acidic pH is solely due to alumi-
num salts, as urea makes neutral solution.

 Aluminum salts get dissociated in water to give Al+3 and the
respective anions, viz., SO4–2, Cl-1 or NO3

-1. On heating, urea is
hydrolyzed. The reaction may be written as:

(NH2)2CO + 3H2O → 2NH4OH + CO2↑

It is suggested that prior to sol-gel reaction, the reacting solu-
tion undergoes acid-base neutralization reaction.The chemi-
cal equation for the respective acid-base neutralization reac-
tion may be written as:

Al2(SO4)3 + 6NH4OH → 3(NH4)2SO4 + 2Al(OH)3

Al(NO3)3  + 3NH4OH → 3NH4NO3 + Al(OH)3

AlCl3 + 3NH4OH → 3NH4Cl + Al(OH)3

The difference in time taken by the AC, AN and AS to initiate
changes in pH depends upon the neutralization of the sto-
ichiometric chloride, nitrate, sulphate ions, and the free acid
as well. Aluminum sulphate took the least time to initiate rise
in pH, whereas aluminum chloride took the maximum time.
This shows that the free acid contents were low in the former
and comparatively very high in the latter. Aluminum ion is
amphoteric in nature, which can thus act both as a weak acid
and a weak base. It acts as acid in water and yields aluminum
hydroxide. The hydrolysis of urea is slow and changes the
pH gradually, which ultimately leads to homogenous preci-
pitation.

The weight loss as determined by thermogravimetric analysis
(TG) and  differential thermal analysis  (DTA) graphs of alumi-
num hydroxide powders prepared using the three different
precursors are shown in Fig. 2. It is evident that AN and AC

Fig. 2. Differential thermal analysis (DTA) and thermog-
ravimetric analysis (TG) graphs of aluminum hy-
droxide powders obtained from aluminum sulphate
(AS), aluminum nitrate (AN) and aluminum chlo-
ride (AC).
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samples behaved similarly, while AS behaved in a different
manner. In the case of both AN and AC, the loss of water
below 100 °C was 1.0% and 2.4%, respectively, and was due to
the evaporation of the surface adsorbed water. Further, the
loss of weight up to 300 °C was 26% for AN and 38% for AC.
This weight loss was due to chemically combined water. The
DTA curves were consistent with the dehydration of boeh-
mite reported in litrature  (Wefers and Bell, 1972).  Its peak
appeared at 280 °C in the case of AN, and at 300 °C in the case
of AC. The peaks were sharp and distinct showing the crys-
talline nature of boehmite. Dehydration of boehmite may be
written as:

2AlOOH → Al2O3 + H2O

for which the theoretical weight loss was 15%.

The theoretical value was not in accordance with the experi-
mental value. Since boehmite contains variable amounts of
additional water molecules,  it is called as pseudoboehmite
(Temuujin et al., 2000).  On the contrary, in the case of AS,  first
endothermic peak appeared at 95 °C, which was a broad peak
(Fig. 2), indicating slow and continuous dehydration of alumi-
num oxide hydrate. The peak was not sharp, probably due to
the poor crystalline nature of the submicron sized aluminum
hydroxide powder. Aluminum hydroxide decomposed at low
temperature, so it was  predominantly either gibbsite or bayerite
(Wefers and Bell, 1972). The second peak appeared at 250 °C
(Fig. 2), which was a small endothermic peak  due likely to the
decomposition of boehmite. The weight loss corresponding
to these two peaks was found to be 37%. Thermal decomposi-
tion of  Al (OH)3 may be written as:

2Al(OH)3      2AlOOH+2H
2
O        Al2O3 + H2O

for which the theoretical weight loss was 34%.

The theoretical weight loss was  in accordance with the ex-
perimental weight loss. The last peak appeared at 920 °C (Fig.
2), which was a sharp endothermic peak and showed the de-
composition of unreacted aluminum sulphate. The weight loss
corresponding to this peak was 9%.

The particle size distribution of nanoparticles of the alumina
synthesized, using three aluminum salts, is shown in Fig. 3.
The nanoparticles obtained from aluminum chloride had an
average size of 60 nm and those obtained from aluminum ni-
trate had the average size of 100 nm. In both the cases, the
particle size distribution was narrow, whereas the particles
obtained from aluminum sulphate had an average size of 200
nm with a wide range of size distribution. It seems that mo-
lecular weight of the anion may  have an effect on the particle
size of alumina. Apparently, aluminum salt with lighter anion
resulted in obtaining finer particle size as shown in Fig. 4.
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Fig. 3. Relative particle size distribution (%) of alumina
obtained from aluminum sulphate (AS), aluminum
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It may be noted from  Fig. 5 that the nanoparticles of alumina
synthesized using aluminum sulphate were circular in shape,
while these were acicular and spherical in the case of alumi-
num nitrate. The particles in these two cases were well dis-
persed. On the contrary, the nanoparticles obtained form alu-
minum chloride were not discrete and showed  agglomeration
and coalescence due to the fineness of the particle size.

The present studies suggest that aluminum nitrate may be the
best of the three aluminum salts to be used for the synthesis
of nanoparticles of alumina. The explanation to this conclu-
sion is that NO3 ion is the easiest to eliminate in the final
sintering of aluminum hydroxide to á-alumina because of more
ionic character of its bond than the other two ions (Cotton and
Wilkinson, 1988). The unreacted sulphate, as indicated by DTA,
can be reduced to a certain extent by optimizing the concen-
trations of urea and aluminum sulphate solutions. Attempt
can also be made to neutralize the excess sulphate, at least
partially, with ammonia.
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Introduction
In most developing countries, uncontrolled industrialization
has resulted in extensive environmental pollution particularly
of water and soil. Inadequate wastewater treatment due to
high costs have resulted in a situation whereby most indus-
tries discharge their effluents directly to open landscapes,
into rivers, canals and water drains leading to rivers, thus
polluting the surrounding ecosystems. However, some indus-
tries have invested in treatment facilities for the clean-up of
effluents, before their discharge into the environment. One of
the possible uses of the industrial effluents is the irrigation of
agricultural land. The use of municipal and industrial waste-
waters for the irrigation of crops is well documented (Singh
and Mishra, 1987). This has become an important part of the
urban and industrial wastewaters disposal programmes.

As the effluents, on the one hand, provide plants with their
essential nutrients (N, P, S, K, Ca, Mg) and various micro-
nutrients (particularly Mn, Cu,  Fe), they may on the other
hand pose serious problems to the soil due to long term depo-
sition of heavy metals and other chemicals (El-Nennah and
El-Kobbia, 1983). Therefore, the use of industrial effluents on
agricultural land requires a knowledge of the chemical compo-
sition of these effluents before their application for irrigation
purposes.

Numerous paint factories have been built in Asian countries,
including Bangladesh. This industry is expected to grow fur-
ther in the next few years. Consequently, there is a need to
monitor the chemical quality of  industrial effluents produced
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Abstract. Effluent samples collected from a paints factory for a period of seven months were analyzed for pH, electrical
conductivity (EC), soluble cations and anions, nitrogen, phosphorus, and trace elements (Cd, B, Cr, Mn, Fe, Co, Ni, Cu,
Zn, As, Pb). Compared with the natural groundwater used for washing paint wastes, the paint industry effluents were
found to contain elevated concentrations of cations with the exception of Ca and moderately high concentrations of trace
elements. Evaluation of the effluents was made, based on the integration of  EC and both the sodium absorption ratio (SAR)
and soluble sodium percent (SSP), BOD and COD values, and maximum permissible limits of heavy metals in the irrigation
water. From the overall assessment, the effluents  were considered suitable for use as supplement irrigation water. However,
it is essential that the heavy metals in the effluents, as well as their accumulation in plants and soils, are monitored regularly.

Keywords: industry effluents, irrigation water, physicochemical properties, ICP-AES, paint industry

by this category of the industry, as well as to investigate their
possible agricultural utilization. The present study was, there-
fore, undertaken to characterize the effluents originating from
a paints factory and to evaluate its use for irrigation purposes.

Materials and Methods
Source and nature of effluents. Berger Paints Bangladesh
Ltd., a leading paints manufacturer, was selected for effluent
collection for the present investigations. The industry pro-
duces both water and solvent based paints. Paints are consti-
tuted by combining binders, pigments, fillers, solvents and
additives. The major contaminants in the wastewater of the
industry result from the washings of paints and the resin reac-
tors. Before disposal, all effluents undergo treatment includ-
ing neutralization with lime and alum to facilitate the coagula-
tion of suspended matter. The supernatant from the settling
tank is subjected to secondary treatment for subsequent settle-
ment by aeration. The unused mass is taken to the sludge
drying beds, while the effluents are discharged into the envi-
ronment through a drain pipe (Kadam Environmental Con-
sultants, 1999).

Effluent sampling. The sample collection containers were  thor-
oughly washed with detergent solution, kept immersed in 5%
HNO3 overnight, and then rinsed with deionized water. Dur-
ing collection, the pipes from which the samples were taken
were flushed several times in order to obtain representative
samples. Samples of the treated effluent were collected
monthly in 1 litre polyethylene bottles at the discharge point
of the treatment plant for a period of seven months. The
samples were then filtered through Whatman No. 41 filter pa-*Author for correspondence; E-mail: ash_islam2004@yahoo.com
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pers. Conc HNO
3
, 5 ml per  litre of the effluent, was added to

samples to be used for metal and other elemental analyses at
the time of sample collection to minimise  metal adsorption on
the container walls as well as to retard chemical and biological
changes.  Separate non-acidified samples were collected for
the measurement of other biological, chemical and physical
parameters. Care was taken to handle the samples in such a
way that they did not deteriorate or become contaminated
before they reached the laboratory where they were stored in
a refrigerator (4 °C), or analysed within a week. The pH and
elcetrical conductivity (EC) of the untreated samples were also
measured in the field during collection. For a comparative study,
the natural groundwater used to wash paint-manufacturing
tanks, before the next batch of production, were also collected
and preserved using similar procedures as described for the
collection of treated effluent samples.

Analytical methods. The samples were analyzed for soluble
cations (Na, K, Ca, Mg), anions (Cl−, HCO−

3, SO4
2−), N, P,  trace

elements (Cd,  Cr, Cu, Fe, Mn, Ni, Zn, As, Pb),  and soluble and
total residues. For comparison, the groundwater samples were
also analysed. The cations and trace elements were deter-
mined using ICP-AES (Model: JY-2000) method. The samples
were run after further acidification with 5 ml of 70% ultrapure
HNO

3
 (J. T. Baker, USA) per litre of the sample. These samples

were diluted with deionised water as per requirement. Blank
samples were run against each sample analysed. The analysis
was carried out under similar experimental conditions as de-
scribed elsewhere (Quraishi and Akhter, 2005).

For arsenic analysis, ICP-AES coupled with a JY model hy-
dride generator was used. The analysis was carried out with
10 ml sample pre-reduced with 1 ml of 10% KI (AnalaR, BDH,
England) and 2.5 ml of aristar grade HCl (BDH, England) for
2 h reduction time (Hering et al., 1996). The sample was then
transferred to the hydride generation system. Arsine gas, gen-
erated by the continuous addition of 4% basic sodium boro-
hydride solution and HCl, was carried to the ICP by the carrier
argon gas.

Two standard calibration curves, one for major elements and
another for trace elements were constructed from secondary
standard solutions synthesized from single element standards
(SPEX Certiprep., Metuchen, NJ, USA) by dilution. Before
analysis of the  samples, the validity of the curves was checked
by analysis of a NIST standard reference material- SRM
(Tohmas, 1998) for K, Ca, Mg, Mn, Fe, Ni, Cu, Zn, Sr and Mo.
Anions, BOD and COD were measured by adopting the pro-
cedures outlined in the standard methods (Michael, 1975).
Nitrogen and phosphorus were measured by the Kjeldahl and
colourimetric methods, respectively.  A Jenway 3051 pH meter

and a Jenway 4070 conductivity meter were used for the mea-
surements of pH and EC of the samples (Chukwuma, 1996).

Statistical analysis. For statistical analysis, t-tests were car-
ried out to compare the data obtained monthly for all the pa-
rameters. The simple t-test formulation to make t-test between
two sets of data, where true value was not known, was done
using the folowing equation (Bassett, 1993):

where:

m1 = average of data set 1 of n1 pieces
m2 =  the average of data set 2 of n2 pieces
S12 = the standard deviation of any value in either set based
on the data in both sets

If the standard deviation of each set is assumd to be the same,
it can be cancelled out of the expression and then equation (1)
becoms:

The t-tests among all monthly data of the concerned param-
eters investigated were calculated using equation (2). The
comparison was made between the average values of alter-
nate months based on the t-test values obtained. For four
degrees of freedom (two in one month and the other two in the
immediate next month), the tabulated value of t-test at 95%
confidence level was 2.78, while at 99% confidence level it
was 4.60. All t-test values calculated (tcalculated) for anions, cat-
ions, pH, EC were less than either of the tabulated t-test value
(ttabulated). For BOD, COD, and dissolved and total residues, the
tcalculated values were higher than the ttabulated values. For Zn,
almost all the tcalculated values and two values for Mn, one value
for Fe, and one value for Pb were greater than the tabulated
values.

Results and Discussion
The analytical results are shown in Tables 1-3. The pH values
of the paints effluents were lower than those of  the natural
groundwater, however, their EC values were higher. For the
groundwater and effluents, the average pH values were 7.2
and 5.6, and the average EC values were 0.17 mS and 1.22 mS,
respectively (Table 1). No significant variation was observed
in the pH and EC values of groundwater and the monthly
collected effluents. The BOD and COD determined in efflu-
ents during the period varied between 53-80 mg kg-1 and
86-112 mg  kg-1, having the average values of 66 and 100.5 mg

(2)m1 - m2(            )
 n1 n2

n1 + n2

1
2

t =

m1 - m2t = S12

 n1 n2

n1 + n2

1
2 (1)
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Table 1.  pH, EC and soluble cations and anions in the Berger Paints Bangladesh Ltd., effluents and the natural groundwater used
for washing

Sample Sampling pH EC Cations concentrations Anions concentrations SAR SSP
(meq per litre)* (meq per litre)*

(month) (mS) Na+1 K+1 Ca+2 Mg+2 HCO3
-1 Cl-1 SO4

-2 (%)
Treated
effluents November 5.93 1.09 2.14 0.77 10.03 0.56 0.085 0.70 0.79 0.93 4.55

December 6.04 1.16 1.80 0.54 15.67 0.40 0.098 0.69 0.85 0.63 3.39
January 6.07 1.34 1.94 0.71 14.17 0.48 0.095 0.71 0.83 0.72 4.40
February 6.01 1.33 1.98 0.62 15.07 0.42 0.082 0.73 0.74 0.71 4.06
March 5.86 1.10 2.10 0.55 14.72 0.53 0.090 0.79 0.81 0.76 4.30
April 5.95 1.40 2.13 0.72 15.52 0.43 0.110 0.80 0.90 0.75 4.23
May 5.88 1.05 2.00 0.66 13.23 0.50 0.079 0.75 0.80 0.76 4.51
June 6.0 1.28 2.05 0.69 12.98 0.52 0.099 0.82 0.77 0.79 4.49

Groundwater - 7.20 0.17 0.73 0.06 0.72 0.08 0.055 0.65 0.47 1.16      12.43
*average concentrations of duplicate measurements; SAR= sodium absorption ratio; SSP= soluble sodium percent

Table 3. Trace elements concentrations in the Berger Paints Bangladesh Ltd., effluents and the natural groundwater used for
washing (ppb)*

Sample Sampling B Cd Cr Mn Fe Ni Cu Zn As Pb
(month)

Treated
effluents November < 10 < 4.5 < 4 26.5 31.2 5.43 4.56 66.5 < 10 22.1

December < 10 < 4.5 < 4 28.0 30.0 7.0 8.5 62.6 < 10 20.5
January 10 < 4.5 < 4 23.3 34 10 8.2 49 < 10 20.2
February 10 < 4.5 < 4 24.2 27.6 5.1 7.1 56.3 < 10 21.3
March 10 < 4.5 < 4 30.0 31.6 6.3 7.5 68.0 < 10 20.1
April 10 < 4.5 < 4 25.2 28.3 6.1 6.4 59.2 < 10 19.4
May < 10 < 4.5 < 4 22.4 29.1 4.5 5.3 50.3 < 10 17.5
June 10 < 4.5 < 4 27.1 32.0 6.4 8.3 60.2 < 10 23.2

Groundwater - < 10 < 4.5 < 4 2 3 < 5 2 < 3 < 10 < 4
*average concentrations of duplicate measurements

Table 2. BOD, COD, nitrogen, phosphorus, and dissolved and total residues in the Berger Paints Bangladesh Ltd., effluents and
the natural groundwater sample used for washing (mg per litre)

Sample Sampling Soluble Soluble Dissolved Total
(month) BOD COD nitrogen phosphorus residues residues

Treated November 60 104 14.80 3.82 1080 1100
effluents December 65 107 14.71 3.14 1220 1360

January 70 86 15.12 4.67 1010 1210
February 68 97 15.30 5.14 1090 1270
March 60 96 14.93 4.57 1150 1310
April 72 103 14.74 4.85 1120 1230
May 53 99 15.00 4.35 1020 1290
June 80 112 14.70 4.91 1050 1180

Groundwater - - - 7.10 4.86 135 145

84 Y. N. Jolly et al.



kg-1, respectively (Table 2). Though the concentrations of an-
ions and cations in the effluents were more than those in the
natural groundwater, the difference was not significant. Total
soluble nitrogen was higher in the effluents as compared with
the values in the groundwater. A similar trend was also ob-
served for phosphorus. However, the increase in nitrogen con-
centration was higher than that for phosphorus. The dissolved
and the total residues of the effluents dried at 105 °C were on
an average 1093 and 1244 mg per litre, which were  about 8.1
and 8.6 times higher than those in the groundwater, respec-
tively. With respect to anion concentrations, effluents were
found to contain higher concentrations of cations (Table 1).
According to t-tests, an insignificant variance among the
monthly data of pH, EC, cations, anions, N and P was ob-
served, while the data for BOD, COD, and dissolved and total
residues showed significant variations.

The concentrations of trace elements (B, Cd, Co, Cr, Cu, Fe, Fe,
Mn, Ni, As, Pb), measured in the effluents and the natural
groundwater used for paints waste washings are shown in Table
3. It was observed that the average elemental concentrations
were much higher than those observed in the groundwater.

The higher concentrations of soluble salts and trace elements
in the effluents, as compared with the groundwater, can be
attributed to the pollution of the washing water with indus-
trial wastes as well as the low-grade chemicals (lime, alum)
used for effluent treatment before its disposal to the environ-
ment. The increase in cation and anion concentrations in the
effluents was much less than in trace elements because the
inorganic chemical compounds generally used in paints prepa-
ration are mostly oxides of Ti, Zn, Cu, Fe, Pb containing trace
elements as impurities. The calcium concentrations were higher
as compared to other cations. This increase was probably due
to the addition of lime used for the effluent treatment. In rela-
tion to a former study on trace elements in the effluents of the
Berger Paints Bangladesh Ltd., a good agreement was ob-
served between the present and previous elemental results
(Hossain, 2004 ).

Assessment of the effluents for irrigation purposes. The US
Department of Agriculture (Richards, 1954) has classified irri-
gation waters based on electrical conductivity and sodium
absorption ratio (SAR) as shown in Fig. 1. The SAR is deter-
mined by:

where all the ionic concentrations are in meq per litre.

The combination of SAR and electrical conductivity of the
paints industry effluents indicates that the effluents are in
the category of C3-S1, which relates to water of high salin-
ity and low sodium content and is considered marginal for
human consumption (El-Nennah and El-Kobbia,1983). Ac-
cording to Wilcox’ diagram based on EC and SSP, the in-
vestigated effluents corresponded to the class of ‘good to
permissible’ for irrigation purposes (Fig. 2). Effluents with
BOD5 values varying from 50-100 mg per litre are not rec-
ommended for biological treatment. The present effluents
showed BOD and COD values in the range of 53-80 mg per
litre and 86-112 mg per litre, respectively.  The average ratio
obtained from BOD5 and COD values of the investigated
effluents was 0.66, indicating that the effluents contained
mostly biologically degradable substances (Tolgyessy et
al., 1993). However, according to effluents quality stan-
dard for Bangladesh, the recommended values for BOD5 (at
20 °C) and COD are 50 and 200 mg per litre, respectively
(MEF, 1997).

Fig. 1. Evaluation of paint industry effluents (Berger
Paints Bangladesh Ltd., Savar) for irrigation pur-
poses as per recommendations of the US Depart-
ment of Agriculture (Richards, 1954).

2

SAR =
+

√

Na+

Ca2+  Mg2+
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The average concentrations of trace elements in the effluent
samples were lower than the maximum permissible limits in
irrigation water as recommended by National Academy of
Sciences-National Academy of Engineering (NAS-NAE,
1973) by WHO (2002), and for drinking water quality by FAO/
WHO (1996), as presented in Table 4. The results obtained
in this study are in agreement with those recommended for
trace elements in irrigation water.

Table 4. Recommended concentrations of trace elements in
irrigation water*

Elements Trace element concentrations
(μg per litre)

Ni 200
Cu 200
Zn 200
Cd 10
Pb 5000

*NAS-NAE: National Academy of Science-National Academy of
Engineering (1973)

Conclusions
The discharged effluents from the paints factory were found
to be suitable for irrigation purposes. These effluents can be
used as a source of water for irrigating the surrounding ag-
ricultural land for crop cultivation in the dry season. The
lack of micronutrients in the soil can be compensated by the
application of these effluents as a good source of plant
nutrients (Abdou and El-Nennah, 1980). The increase in the
heavy metal contents of the soil and their uptake by plants
may be a potential problem in the long term. However,
according to a study, it was observed that no symptoms of
toxicity appeared on the plants even from the long term use
of municipal effluents in irrigation as indicated by visual
observations and good crop yield (El-Nennah et al., 1982).
The levels of the toxic elements, Cd and As, were found to
be below the detection limits of the analytical technique.
Although Pb was detected, its concentration was too low to
contribute any significant pollution to the soil.

This study has demonstrated that pretreated effluents from
a paints factory can be used for irrigation purposes. How-
ever, it may be necessary to monitor the long term impact of
heavy metals in the soil and plants to ensure that there is no
build-up.
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Abstract. The concentrations of trace metals in water and sediment samples from Ologe lagoon located in southwestern
Nigeria were investigated. The lagoon is a source of water for domestic, transportation and fishing activities. The water
quality characteristics for a period of two years (January, 1997 - November, 1998), and the speciation of metals in the
lagoon sediments were evaluated. The lagoon water quality characteristics, with respect to heavy metal contamination,
were compared with global averages for freshwater and international water quality standards for drinking water. All
elements except iron, were well within the safety limits. Sequential extraction techniques were used to establish the
association of the total concentrations of Zn, Cu, Pb, Cd and Mn in the sediment samples with their contents as exchangeables,
carbonates, Fe/Mn oxides, and organic and residual fractions. The concentrations of trace metals in the whole sediments
were generally below the world-wide background levels. When compared to a number of sediment quality guidelines, the
concentrations of trace metals were found to be below the level considered to have the potential to cause biological effects.
Pb and Cd were extracted from the residual fraction at values greater than 50%. The metals that were most easily extractable
in the samples analysed were Mn and Zn, which posed the highest risk to water contamination. The low level of
industrialization in the study area has kept the lagoon relatively free from heavy metal contamination.

Keywords: lagoon sediments, trace metals, water quality, lagoon, sequential extraction, Ologe lagoon, metal speciation
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Introduction
Fresh water lagoons are crucial resource for drinking, irriga-
tion, transportation, recreation, fishing, and sheer aesthetic
enjoyment. The contamination of soils, sediments, water re-
sources and biota by heavy metals has become a problem of
increasing concern due to their toxicity, persistence and bio-
accumulative nature (Biney, 1991).

Studies on heavy metals in rivers, lakes, and sediments have
received  a mojor environmental focus, especially during the
last decade (Storelli and Marcotrigiano, 2001; Gray et al., 2000;
Grosheva et al., 2000; Aucoin et al., 1999; Bortoli et al., 1998;
Zhou et al., 1998; Elbaz-Poulichet et al., 1996; Johansson
et al., 1995; Mannio et al., 1995; Biney, 1991; Kakulu and
Osibanjo, 1991; Okoye, 1991). Sediments are the principal sinks
for aquatic environment, but when the environmental condi-
tions change, sediments can act as a source. The release of
trace metals from sediments into the water bodies will depend
on the speciation  of metals (i.e., metals may be precipitated,
complexed and adsorbed, or solubilized) and other factors,
such as the sediment-pH and the physical and chemical char-
acteristics of the aquatic system (Narwal et al., 1999;
Karczewska et al., 1998; Ma and Rao, 1997; Morgan and Stumm,
1991). Metals may distribute in sediments as exchangeables,

carbonate bound, iron-manganese oxide bound, organic mat-
ter bound, and residue bound species. The speciation of met-
als can be evaluated by carefully choosing the extracting so-
lutions and digestion conditions. The speciation is a useful
indication for determining the association of the metals in the
sediments and as to what extent they may be remobilized into
the environment (Forstner et al., 1990), and it is also used for
distinguishing the metals of the lithogenic origin from those
of the  anthropogenic origin.  According to Rubio et al. (1991),
metlas with an anthropogenic origin are mainly obtained in the
first extractions, while in the last stage of the process, residual
fraction is obtained, corresponding to metals with lithogenic
origin.

The present study was undertaken due to the paucity of pub-
lished data on trace metal contamination in lagoons. Since
lagoons support large segments of populations, there are se-
rious concerns regarding the quality of water of the lagoons.
The main uses of water in the lagoon are domestic, agricultural
(inclusive of  livestocks), various industrial activities, aquatic
ecosystem support, and for recreational purposes, such as
swimming. The major objectives of this study included the
determination of water quality characteristics of Ologe lagoon
and  assessment of the risks associated with the lagoon water
contamination by surface sediments, determination of the lev-
els of total extractable trace metals (Cu, Fe, Mn, Cd, Zn, Pb),
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and the fractionation of these metals in the sediments due to
their environmental implications. These data may be used as
the baseline for future work in the area as well as by those inter-
ested in the study of their transfer to man via the food chain.

Materials and Methods
Study area. Ologe lagoon (Fig. 1) is a natural semi-enclosed
fresh water body located about 30 km west of Lagos city on
the Lagos-Badagry Expressway. Owo river is the major fresh
water inlet into the lagoon, which is tapped for drinking water
supply by the Lagos State Water Corporation and the lagoon
provides a source of living to some inhabitatnts through trans-
portation and fishing activities. The outlet of the lagoon is on
a section of the coastline which discharges into the Atlantic
Ocean (25 km away). The lagoon is subjected to threats from
human activities, among which are open defecation, sand
dredging, domestic waste dumping by inhabitants at the banks,
and discharge of effluents by Agbara Industrial Estate, hous-
ing food, beverages and pharmaceutical industries, into the
lagoon, via Owo river.

Water collection and analyses. Water samples were collected
from the indicated sampling spots (Fig. 1.), using open water
grab sampler equipped with a pull-ring that allowed for sam-
pling at various water depths. Samples were collected in acid-
washed polyethylene plastic containers with screw caps and
amber glass bottles. Washing procedure for containers was as
recommended in the standard methods of analysis for waters
and wastewaters (APHA, 1998). For the determination of gen-
eral parameters, one litre polyethylene bottles were thoroughly
washed with detergent and rinsed many times with distilled
water. For the metal determination studies, bottles were washed
with metal-free soap, rinsed many times and finally soaked in
50% nitric acid for 24 h before final rinse with distilled water.
The collected water samples did not contain noticeable sus-
pended materials, the samples were therefore not filtered prior
to analyses for water quality constituents.

For metal determination in the lagoon water samples, standard
methods for waters and wastewaters were used (APHA, 1998).
Concentrated nitric acid (5 ml ) was added to each 50 ml of the
lagoon water samples in a digestion vessel. Metal levels in the
digests were determined with Buck Scientific 200A atomic ab-
sorption spectrophotometer and air acetylene flame. All chemi-
cals used were of analytical grade, procedural blanks were
analysed under the same experimental conditions used for the
water samples investigated. Procedural blanks were used for
background correction and other sources of error. Accuracy
was assessed by analyzing three replicates of the selected

samples yielding standard devations lower than 5% for all the
metals. pH of the water samples was taken using a field pH
metre (Jenway model 3050 ser. N. 40131), conductivity was
measured with conductivity metre (model Mc-1, Mark V). Other
water quality parameters, such as chloride and total alkalinity
were determined by argentometric and titrimetric procedures,
respectively (APHA, 1998). Ammonia, nitrate, phosphate and
sulphate were determined spectrophotometrically.

Sediment collection and analyses. Sediment samples (Fig. 1)
were collected by scooping, which on collection were packed
in polyvinyl chloride (PVC) until arrival in the laboratory
(Thomas et al., 1994). The sediment samples were air-dried in
the laboratory at room temperature and sieved with a 2 mm
mesh. The < 2 mm fraction was selected for chemical analysis.
The pH of the sediment was measured in water with a 1: 2.5
soil/solution ratio after equilibration for 30 min (McLean, 1982).
The sediment fractions were subjected to a five-step sequen-
tial extraction technique (Tessier et al., 1979), with a modified
final step. The final step in the sediment extraction was con-
ducted by adopting the method of Gauthreaux et al. (1998).
The extraction stages employed were as below.

Extraction-1: exchangeable metals. 8 ml of 1 mol dm-3 mag-
nesium chloride (pH 7.0) was added to the weighed sediment

Fig. 1. Map of Ologe lagoon, southwestern Nigeria, and
sampling points.
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fraction in a centrifuge tube, and the sample was shaken for
1 h at a speed of 200 rpm at room temperature.

Extraction-2: metals bound to carbonates. 8 ml of 1 mol dm-3

sodium acetate (adjusted to pH 5.0 with acetic acid) was added
to the residue from Extraction-1, and the sample was shaken
for 1 h under the same conditions as in Extraction-1.

Extraction-3: metals bound to iron and manganese oxides.
20 ml of 0.04 mol dm-3 hydroxylamine hydrogen chloride in
25% (v/v) acetic acid was added to the residue from Extrac-
tion-2. The extraction was carried out at 96 ± 3 °C for 1 h.

Extraction-4: metals bound to organic matter. First, 1:3 ml of
0.02 mol dm-3 nitric acid and 5 mol of 30% hydrogen peroxide,
adjusted to pH 2.0 with nitric acid, were added to the residue
from Extraction-3, the sample was placed in a waterbath and
heated at 85 ±2 °C for 3 h with intermittent agitation. This step
was followed by the additon of 3:5 ml of 3.2 mol dm-3 ammo-
nium acetate in 20% (v/v) nitric acid to the sample and con-
tinuous agitation for 30 min.

Extraction-5: residuals. The residue from Extraction-4 was
subjected to digestion by adding 20 ml of 70% nitric acid and
heated to near dryness. The extracts collected were analysed
using Buck Scientific 200A atomic absorption spectrophoto-
meter, to determine the concentrations of  Cd, Cu, Fe, Mn, Pb
and Zn.

Results and Discussion
Water quality. Results of the analysis of trace metals (Cu, Fe,
Mn, Cd, Zn, Pb) and the water quality constituents of Ologe
lagoon water are presented in Table 1. The average pH values
reported for 210 lakes in Norway (Rognerud and Fjeld, 2000),
Kaduna river in Nigeria (Ajayi and Osibanjo, 1981), and 36
lakes in Lapland, Finland (Mannio et al., 1995) were compa-
rable to the mean values observed for Ologe lagoon water
samples, which was slightly acidic or near neutral (pH range:
5.7-6.7). Irrespective of the sampling sites, phenolphthalein
alkalinity was zero and total alkalinity was due to bicarbon-
ates. The mean conductivity values obtained for Ologe
lagoon water samples (< 400 μS cm-1) were higher than the
mean conductivity values reported for the acidic Lake Suc-
cess (Sprenger et al., 1987), but three times lower than 36 lakes
in Lapland, Finland (Mannio et al., 1995). A lower conductiv-
ity concentration was recorded upstream of the Ologe lagoon
due to the absence of tidal action and limited water exchange
in the river. This phenomenon probably accounted for the
same trend in the chloride values.

Heavy metals in the lagoon water. The average values for man-
ganese, zinc, copper, lead, cadmium, and nickel were 35.8 μg

per litre, 4.4 μg per litre, 0.05 μg per litre, and 0.03 per litre
(Table 1). Iron was unusually high (704.7 μg per litre ), which
probably reflects the presence of a natural source due to the
geology of the catchment soil. A similar observation has been
reported by Ajayi and Osibanjo (1981). The present study also
suggests that except for iron and cadmium, the values of man-
ganese, zinc, copper, and lead in the Ologe lagoon water
samples were consistently lower than the corresponding val-
ues reported for dissolved metal concentrations in African
rivers (CIFA, 1994). The average levels of iron, manganese,
zinc and copper reported for Ogun river (Udousoro, 1997) and
Oyi river (Ajayi and Osibanjo, 1981) were higher than the re-
ported mean values for the Ologe lagoon water samples. How-
ever, the concentrations of iron in the lagoon exceeded the
respective   values recommended for drinking water by WHO,
US EPA and the Canadian drinking water standards (CCME,
1999;  US EPA, 1988; CCREM, 1987; WHO, 1984). Thus, Ologe
lagoon water will require chemical and biological treatment at
the municipal water works in order to serve as a good drinking
water source.

Ologe lagoon sediments: total metal contents from the sedi-
ment grain fractions. The mean metal concentrations from
Ologe lagoon sediments and other global values for surface
sediments published in literature are given in Table 2. Iron was
the most abundant metal in all the sediment samples analysed.
Sediment sample obtained from site 12 showed the highest
enrichment of cadmium, copper, manganese and iron as com-
pared to sites 1-11. The average values of iron, manganese,
copper and zinc in this study were higher than the correspond-
ing values obtained for Lekki lagoon, Nigeria (Ojo, 1991), Lake
Victoria, Kenya (Onyari and Wandiga, 1989), Calcasieu river/
lake, USA (Berk et al., 1990), Tuskegee lake, USA (Ikem et al.,
2003), and Latvian lakes, Latvia (Klavins et al., 2000). The
average levels of manganese, zinc, copper, lead and cadmium
reported for Niger Delta, Nigeria (Kakulu and Osibanjo, 1988),
Lake Zurich, Switzerland (von Gunten et al., 1997), Swartkops
river, South Africa (Watling and Emmerson, 1981), Lake
Macquarie, Australia (Kirby et al., 2001), and a Siberian pond,
Russia (Gladyshev et al., 2001) were higher than the corre-
sponding values in the present study. Similarly, the reported
average values of iron, zinc, manganese, copper, lead and cad-
mium in unpolluted sediments were also higher (Salomons
and Forstner, 1984)  than the average values obtained for these
elements in Ologe sediments.

The observations on the sediments in the present study (Table
2) for manganese, zinc, copper, lead and cadmium were lower
than the Ontario guidelines (Persuad et al., 1993), Canadian
guidelines (CCME, 1999), and the Level of adverse biological
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effects (Long and Morgan, 1990), but were higher than the
average values for pristine sediments (Sadiq, 1992). The rela-
tively lower values obtained for Ologe lagoon sediments rela-
tive to unpolluted sediments, as already discussed, suggest
lesser impact of anthropogenic sources of pollution in the
Ologe area. The possible metal-metal relationships in water
and sediments were investigated using the statistical Pearson
correlation coefficient, r, at α = 0.05 significant level. Iron,
manganese, zinc, copper, lead and cadmium were significantly
correlated with values of r, varying between 0.74 and 0.92.
These significant correlations of metals are indicative of a
common source of pollution.
Chemical fractionation of metals in the sediments. Mean
distribution of the heavy metals in the five fractions obtained
by sequential extraction procedure have been shown in Table
3. It was observed that all metals in the Ologe lagoon sedi-

ments existed largely in the sedimentary matrix (residual
phase). According to Rubio et al. (1991) and Samanidou and
Fytianos (1987), the residual phase represents metals largely
embedded in the crystal lattice of the sediment fraction and
should not be available for remobilization, except under very
harsh conditions. Lead was largely associated with the re-
sidual bound fraction. No detectable amount of exchange-
able lead was found in all the sediments studied. Ramos et
al. (1994) reported similar observation. Despite the reported
affinity of lead to soil organic matter (Kabata-Pendias and
Pendias, 1992), non-detectable amount of oxidizable lead (or-
ganic matter forms) was extracted. Acidic pH condition is
known to influence the sorption of lead by organic matter
fraction in the sediments (Baruah et al.,1996). However, the
values of lead associated with carbonates and reducible frac-
tions were very low.
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Table 2. The total heavy metal contents in sediments of Ologe lagoon, southwestern Nigeria, and the values of these metals
publishd for sediments from other countries, and the sediment quality guidelines*

Source of sediments Fe** Mn Zn Cu Pb Cd Reference
guidelines for sediments

Ologe lagoon, Nigeria 21 ± 4.6 123.4 ± 57 35.3 ± 10 11.4 ± 3.7 11.0 ± 4.1 0.60 ± 0.08 Present study
Unpolluted sediments 41 770 95 33 19 0.11 Salomons and

Forstener, 1984
Niger Delta, Nigeria 20.7 349 62 23.9 32.1 0.79 Kakulu and

Osibanjo, 1988

Lekki lgoon, Nigeria 0.34 37.6 4.33 15.6 0.32 Ojo, 1991

Wiwi river, Ghana 16 4.7 13.4 0.16 Biney and Beeko,1991
Lake Victoria, Kenya 1.18 - 52.9 53.1 - 616 2.54 - 265 0.96 - 78.6 6.02 - 69.4 0.55 - 1.02 Onyari and

Wandiga, 1989
Swartkops river, SA 15.5 177 35.5 10.5 17.8 1.0 Watling and

Emmerson, 1981

Calcasieu river/lake, USA 35.16 6.91 9.90 0.98 Berk et al., 1990

Tuskegee lake, USA 3.0 53.43 8.72 6.84 14.84 0.56 Ikem et al., 2003

Latvian lakes, Latvia 14.3 - 81.2 15.32 - 78.4 1.33 - 16.34 6.64 - 83.2 0.28 - 5.3 Klavins et al., 2000

Lake Zurich, Switzerland 232 37 97 1.7 von Gunten et al., 1997

Lake Macquarie, Australia 152 36 2.1 Kirby et al., 2001

Siberian pond, Russia 21 ± 1.1 671.5 ± 104.31 15.8 ± 63 20.5 ± 2.75 16.7 ± 1.8 < 1.0 Gladyshev et al., 2001

Pristine sediments < 10 < 31 < 1.0 Sadiq, 1992

Ontario guidelines < 460 < 120 < 16 < 31 < 0.6 Persuad et al., 1993

Canadian guidelines 123 35.7 35 0.6 CCME, 1995

Adverse biological effects < 260 < 300 < 30 < 5.0 Long and Morgan, 1990

 * = mg kg-1; * * = x103; ± = standard deviation of the mean



Cadmium was associated largely in the sedimentary matrix and
its association with the carbonate phase was very poor. Zinc
was concentrated in the residual fraction with moderated
amounts in the carbonates and reducibles, and to a lesser
extent in the organically complexed forms. Ma and Rao (1997),
and Narwal and Singh (1998) also found zinc to be strongly
bound in the residual fraction (even up to 98% of its total
content). Copper existed mostly in the residual form and also

in the organically complexed form. Under oxidizing conditions,
metals present in both natural organic matter (due to complex-
ation and peptizaiton) and living organisms (as a result of
bioaccu mulation of metals) may be remobilized into the aquatic
environment. Exchangeable and carbonate fractions had the
greatest amounts of manganese with a decreasing contribu-
tion of manganese associated with the residual, organic and
reducible forms.

According to Perez  et al. (1991), the sum of the metals associ-
ated with exchangeable and carbonate bound fractions is
extremely important as it represents the proportion of heavy
metals that can be easily remobilized by changes in the envi-
ronmental conditions, such as pH and salinity.

Kindler and Sevim (1990) found that the metals with the greatest
values of the exchangeable and carbonate bound fractions in
the Turkish rivers were Mn, Cd, Pb and Zn, in the same order. In
the sediments of Ologe lagoon, the metals that were least
extractable (that were not detected in the exchangeable
and carbonate bound fractions) were: Cd, Pb, Cu, Zn, and
Mn.

The analysed metals  can be put in order, according to the sum
of their exchangeable and carbonate bound fractions, at dif-
ferent collection sites (Fig. 1), as follows:

Mn > Zn > Pb > Cu = Cd at site 6
Mn > Zn > Pb = Cu = Cd at site 8
Mn > Zn > Pb > Cu > Cd at site 10
Mn > Zn > Cd > Pb = Cu at site 12

Conclusions
The status of  Ologe lagoon with respect to water quality and
risk to water column contamination by heavy metals in the
lagoon sediment was investigated in this study. The lagoon
water quality characteristics were mostly below the recom-
mended international drinking water standards. From the frac-
tionation study, the metal contents in the Ologe lagoon sedi-
ments were characteristic of unpolluted sediments; besides,
the greatest amounts of the metals studied were associated
with the residual fraction. The metals associated with this
fraction may be remobilized under the conditions normally
encountered in the nature. The metals that were mostly
extracted in all the analysed samples were Mn and Zn.
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Introduction
Heavy metal contamination is a serious threat to global eco-
systems (Gong et al., 2005). The main sources of heavy metal
contamination include mining, milling, electroplating, tanne-
ries, polymers and plastics, agrochemicals, and surface fini-
shing industries, discharging a variety of toxic metals such as
cadmium, copper, nickel, cobalt, zinc and lead into the envi-
ronment (Malik, 2004). These metals, even at low concentra-
tions, are toxic to living organisms including human beings
(Sheng et al., 2004). Various treatment procedures are used to
remove such heavy metal contaminants from effluents and
industrial wastewaters before discharging into natural water
bodies (Xiangliang et al., 2005). The most often used treat-
ment technologies include chemical precipitation and coagu-
lation, ion-exchange, reduction, osmosis and reverse osmosis,
membrane processes, and electrolytic technologies (Chong
et al., 2000; Aksu et al., 1998; Yetis et al., 1998; Kapoor and
Viraraghavan, 1995; Wilde and Benemann, 1993). However,
conventional treatment technologies, like chemical precipi-
tation and coagulation, become less cost-effective when high
effluent volumes and low metal concentrations are encoun-

tered (Kratochvil and Volesky, 1998; Kapoor and Viraraghavan,
1995). Precipitation process, furthermore, has other disadvan-
tages, such as the generation of toxic sludge (Krishnan et al.,
1992). The application of membrane technology and activa-
ted carbon are also prohibitive due to high operational cost
(Xiangliang et al., 2005; Kapoor and Viraraghavan, 1995).
As a result of these shortcomings, the foregoing concerns
have led to an interest in the development of safe technologies
that can reduce heavy metal concentrations to environmen-
tally acceptable levels at affordable cost (Aksu, 1998; Atkinson
et al., 1998). Biosorption, based on the metal binding capa-
cities of various biological materials, has gained attention
during recent years due to its high efficiency and cost-effec-
tiveness, particularly at low metal concentrations (Andrade
et al., 2005; Pagnanelli et al., 2003; Sag et al., 2001). Inclu-
ded in the range of biological materials used for this purpose
are marine macroalgae (seaweeds) and fresh water algae (Davis
et al., 2000; Aksu and Acikel, 1999; Yu et al., 1999), fungi
(Bai and Abraham, 2002), bacteria (Karana et al., 1999), and
bioindustrial and agrowastes (Saeed et al., 2005; Saeed et al.,
2002). These materials have proven to be environmentally safe
and extremely cheap for removing heavy metals from conta-
minated waters (Xiangliang et al., 2005).
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Abstract. The biosorption capacity of zinc(II) by a filamentous green alga Mougeotia viridis, isolated from the waste-
water discharged by electroplating industry was tested under laboratory conditions as a function of contact time, pH, and
initial metal ion and biomass concentrations. Optimum pH value for zinc(II) biosorption was determined as 5.0. At 10
mg l-1 zinc(II), the biosorption equilibrium with 1 g l-1 algal biomass was reached in 10 min showing a relative efficiency
of 59.24% metal removal. When the biosorbent biomass was increased to 2 g l-1, the metal removal capacity was enhanced
to 81.4%. At optimum conditions, zinc(II) uptake increased with the increase in initial metal ion concentration from 5-300
mg l-1. Langmuir isotherm model was found to be suitable for describing the biosorption of zinc(II) by Mougeotia viridis.
The qmax obtained experimentally and theoretically calculated from the Langmuir isotherm model at the regression coeffi-
cient value of 0.9975, respectively, were 27.7 mg and 26.71 mg zinc(II) g-1 algal biomass, at the initial metal concentration
of 200 mg l-1. In five repeated biosorption-desorption cycles, the zinc(II) desorption from the metal-loaded algal biomass
remained around 99%. The observations reported in the present study indicate that the alga can be used as an efficient
biosorbent for the removal of zinc(II) from aqueous solution.

Keywords: filamentous microalga, metal biosorption, zinc(II) adsorption, heavy metals, wastewater treatment, Mougeotia
viridis
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Various biological materials such as microalgae possess high
metal-binding ability due to their large surface areas in addi-
tion to high metal binding affinity of their cell walls, which
are composed of fibre-like and amorphous embedding matrix
of various polysaccharides where both electrostatic attraction
and complexation can play a role (Sheng et al., 2004; Schiewer
and Volesky, 2000; Kuyucak and Volesky, 1989). Several func-
tional moieties such as carboxyl, hydroxyl, amines, phosphates,
sulfates are present in the cell wall, which act as binding sites
for metals (Al-Qunaibit et al., 2005).

Although several algal species have been identified, yet very
few have been investigated for their ability to sequester heavy
metal ions. Most of these studies, furthermore, have been done
on strains that are easily available from academic and com-
mercial culture collections. These studies have shown that the
biomass of these algal species have the potential of applica-
tion as effective toxic metal biosorbents. Nevertheless, the
need to explore the metal removal ability of a wider diversity
of available algal species, particularly those isolated from metal
contaminated wastewaters, remains significant. The present
study is the first report of metal biosorption by a local strain
of a filamentous green alga isolated from the wastewaters dis-
charged from an electroplating industry in Pakistan. The algal
isolate was thus understood to have acclimatized to metal-
loaded habitat. Investigations on this filamentous alga,
Mougeotia viridis, were carried out to determine the optimum
operational conditions for the sequestering of zinc from con-
taminated waters. The adsorption capacity was evaluated from
equilibrium adsorption isotherms, and results indicate that
the filamentous alga is an efficient material for the develop-
ment of a high capacity biosorbent for heavy metal removal
from aqueous media. The study is of significance as no previ-
ous study has been reported in literature on the capacity of
M. viridis to biosorb zinc(II) and an addition to the present
knowledge of only a few filamentous algae reported of having
the affinity to sequester metal ions.

Materials and Methods
Organism and growth medium. A filamentous green algal
strain, growing in metal-rich environment, was isolated from
wastewater bodies contaminated with the effluents dischar-
ged from an electroplating industry in the vicinity of Lahore,
Pakistan. The algal culture was maintained in test tube slants
of Bold’s basal agar medium (Nichols and Bold, 1965) at 25
±2 oC under continuous illumination with cool-white fluores-
cent light at the intensity of 50 μE-2 s-1. The isolate was identi-
fied as a filamentous species Mougeotia viridis (Chlorophyta:
Zygnemataceae) by Dr. F. M. Sarim, Professor of Botany,
University of Peshawar, Pakistan. Biomass for the inoculum

and metal sorption was prepared by growing axenic algal cul-
ture to exponential phase of growth in 100 ml Bold’s medium
contained in 250 ml Erlenmeyer flasks shaken at 100 rpm and
maintained at 25 ±2 oC under continuous illumination with
cool-white light at the same intensity as for algal culture main-
tenance. The filamentous algal biomass was harvested, washed
with deionized water, and freeze dried at -58 ±2 oC (Eyela
Freeze Dryer FD-550) for metal sorption studies.

Biosorption investigations. Metal sorption studies were car-
ried out on solutions made from standard stock solution of
zinc(II) (nitrate salt in HNO3 0.5 mol l-1), concentration 1000
±2 mg l-1 (Merck Ltd., UK), which was diluted in ion-free
double distilled water to the desired metal concentrations. The
pH of metal solution was adjusted to 5.0, unless otherwise
stated, using 0.1 M NaOH. Fresh dilutions were made for each
study. Biosorption capacity of the filamentous algal biomass
was determined by contacting 100 ml of the metal solution of
known concentrations (5-300 mg l-1) in 250 ml flasks. The
filamentous algal biomass, along with the metal solution, was
incubated in tightly stoppered flasks on an orbital shaker at
100 rpm. The flasks were shaken for 1 h, unless otherwise
stated, for determining the optimum metal-biomass contact
time for biosorption. The algal biomass was separated from
metal solution by centrifugation at 5,000 rpm for 5 min. Con-
centration of the metal remaining in solution was determined
using atomic absorption spectrophotometer (UNICAM-969,
UK). The effect of time period was noted for determining the
sorption equilibrium time by contacting the biosorbent algal
biomass with the metal solution for 5-120 min. The effect of
pH on the sorption of metal ions by the filamentous algal bio-
mass was determined at different pH values of 2, 3, 4, 5, 6 and
7. The quantity of biomass was varied from 0.25 g l-1 to 2.0
g l-1 to determine the effect of algal biomass on metal
biosorption. This study was done to determine the limiting
effect of the quantity of algal mass for the biosorption equi-
librium. Metal-free solution and algal biomass-free metal
solution were used as blanks and controls, respectively. Ana-
lyses were done on triplicate samples and the results reported
are the mean values of three separate experiments. Statistical
analyses were done to determine standard deviation in accor-
dance with Steel and Torrie (1996).

Desorption studies. The metal-laden filamentous algal bio-
mass was separated from metal solution by centrifugation,
transferred into screw-capped test tubes containing 10 ml of
0.1 M HCl, and shaken on test tube rotator at 100 rpm for 30
min. The filamentous algal biomass was separated by cen-
trifugation at 5,000 rpm for 5 min. The supernatant was ana-
lyzed for zinc(II) released in 0.1 M HCl for determining the
efficiency of desorption by atomic absorption spectrophoto-
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were converted to percentage zinc(II) sorption, 1 g l-1 seemed
to be near optimum quantity of biomass for equilibrium stage
with 83.2%. Further increase in algal biomass resulted in only
minor increase in zinc(II) sorption as indicated by sorption
ability at 2 g l-1 of 86.4%.

Maximum biosorption capacity. For determining the maxi-
mum biosorption capacity of zinc(II) by M. viridis, the initial
metal concentration was varied between 5 mg l-1 to 300 mg
l-1. The sorption equilibrium for zinc(II) is shown in Fig. 4,
which was achieved at 200 mg l-1 with the maximum sorption
(qmax) of 27.7 mg zinc(II) g-1 algal mass. Conversion of the
data at different metal concentrations to the Langmuir adsorp-
tion isotherms equation showed the qmax value of 26.71 mg
g-1. The calculated value was very close to the experimental
value. The biosorption data were thus found to fit perfectly to
the Langmuir adsorption isotherms model, as evident from
the linear isotherm with the regression co-efficient (r2) value
of 0.9975 (Fig. 5).

Regeneration efficiency. Efficient desorption of the metal-
loaded biosorbent for repeated use is an important attribute
for the potential of the biosorbent for large scale or commer-
cial applications. Regeneration efficiency of the metal-laden
M. viridis was investigated in several repeated sorption-
desorption cycles. Higher biosorption and desorption effi-
ciency of zinc(II) was observed in the first cycle (Fig. 6).
However, the net difference in elution and decline of zinc(II)
at the end of each cycle was insignificant (Duncan’s multiple
range test, p = 0.05), when compared to net biosorption in the
corresponding cycles. Therefore, the biosorption efficiency

may appear to decrease from 100% to 78.11% during the ope-
ration of five cycles due to slightly lesser quantity of zinc(II)
eluted after each time. Loss in weight was also determined
during the  adsorption-desorption cycles as shown in Table 1.
From the tabulated results it can be argued that the decrease
in biosorption capacity of the biosorbent may be attributed to
the loss in biomass during repeated cycles. The losses in bio-
mass during adsorption-desorption cycles are believed to be
due to the repeated mixing by shaking and separation of cells
by centrifugation. This loss of biomass can be reduced by
immobilizing the filamentous alga in some suitable biomatrix
as reported previously for other microorganisms (Iqbal and
Edyvean, 2005; Akhtar et al., 2003).
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Fig. 4. The effect of initial concentration of zinc(II) solu-
tion, pH 5, by 1 g l-1 biomass of Mougeotia viridis
during 30 min biosorbent-metal contact in shake
flasks at 100 rpm.
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Fig. 5. The Langumir adsorption isotherms for zinc(II)
biosorption by 1 g l-1 biomass of Mougeotia viridis;
conditions: initial metal concentration range 5-300
mg l-1, pH 5, flask shaking at 100 rpm during 30
min of contact, where qeq is the metal biosoerbed
g-1 algal mass and Ceq is the equilibrium metal con-
centration l-1.
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tia viridis in five repeated cycles.
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Conclusions
The maximum removal of zinc(II) by Mougeotia viridis was
26.71 mg g-1 algal biomass. This report adds to the recently
known biosorption capacities of other filamentous algae of
chromium(VI) by Spirogyra sp. of around 14.7 mg per g bio-
mass (Gupta et al., 2001), and copper(II) by Ulothrix zonata
of around 39.20 mg per g biomass (Nuhoglu et al., 2002). The
results of the present study have indicated that the biomass of
M. viridis is a suitable biosorbent for the development of a
system for both the efficient removal (biosorption) and reco-
very (desorption) of heavy metals from wastewater.
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Interest in the use of enzymes in textile processing has sig-
nificantly enhanced during recent years. The first crude use of
enzymes in textile processing was reported in 1857, when
starch-sized cloth was soaked with liquor containing barley.
This process was later improved slightly in 1900, when bar-
ley was replaced by malt extract. The process of enzymatic
desizing, using animal and bacterial amylases, was introduced
in many textile factories in 1912 (Cavaco Paulo and Gubitz,
2003). The enzymatic desizing in textile processing is prefer-
able as enzymes are environment-friendly, non-toxic and the
wastewater from enzymatic treatment is biodegradable. They
also require mild temperature and pH for their activity, and
have the potential of replacing harsh chemicals such as acids
and alkalis.

Weaving fabric consists of sets of yarns interlaced at right
angle in some established sequence or pattern. The yarns that
run parallel to the selvage or the longer diameters of a bolt of
fabric are called warp yarns, those that run crosswise of the
fabric are called weft yarns. Starch-containing sizes are ap-
plied to the warp yarn of woven fabrics to assist in the weav-
ing process, but must be removed prior to dyeing and printing
processes.  The removal of size from the cotton yarn is called
the desizing process (Shenai, 1991; Hans, 1938; 1936). The
amylase group of enzymes, that specifically act on starch, are
considered to be the favourable option for the solubilization
of starch into glucose and maltose (Bergmeyer, 1974). Enzy-
matic desizing is now regarded as the most safe and economi-
cal method. In order to reduce the cost of production of en-
zymes, an attempt has been made to extract amylases from

indigenous resources available in Pakistan. For this purpose,
animal pancreas was used for the extraction of amylases.

The characteristic parameters of the 100% pure sized-cotton
(plain weave) fabric used in the present studies were: area
weight, 170 g/m2; warp yarn count, 40 (tex); weft yarn count,
40 (tex). The water used during the desizing process had the
following qualities: total hardness, 319 ppm; TDS, 545 ppm;
pH, 7.6. The desizing process was performed in a high tem-
perature rotary machine (closed vessel) with automatic tem-
perature programming and agitation. A horizontal padder
machine was used for padding.

Animal pancreas from slaughterhouse waste was collected
and washed. For the better extraction of crude amylases, the
pancreas was ground, and soaked in equal amount of water
(1:1) for 2-10 h in dark conditions at 25 °C, 35 °C and 40 °C.
It was found that the activity was low during the first 8 h at
25 °C, 35 °C and 40 °C, while the optimum activity was
reached after 10 h at 25 °C, which declined after 10 h at 40
°C. Amylase activity was less when the soaking was allowed
to proceed during daylight. For the preservation of crude
enzyme extract, 0.1-0.2% sodium benzoate, sodium chlo-
ride and calcium chloride were used. It was found that so-
dium benzoate provided stabilization of the enzyme extract
for about six months at 25 °C in air tight and dark contain-
ers. After 10 h, the extract was removed by filtration. From
1 Kg of waste pancreas 350 g enzyme extract was obtained.
It was a cream coloured liquid extract.

The exhaust method, which is a popular and simple method
of enzymatic desizing, was used in the present studies. Be-
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fore starting the desizing process, the fabric was pre-washed
for 8-10 min at 90-95 °C in 2 g per litre detergent. This re-
sulted in the swelling of starch and facilitated the subsequent
amylase action.  After pre-washing, the fabric was squeezed
as much as possible. The desizing cycles were repeated with
different types of enzyme preparations (Table 1). A rotary
dyeing machine tube was filled with the desizing liquor
and the machine was started. When the temperature of
40 °C was achieved, the machine was stopped and the pre-
washed and squeezed fabric was impregnated into the
desizing solution. This warm desizing solution provided
the necessary conditions for amylase to quickly penetrate
into the fabric. The machine was started again and the
temperature was raised to 60-62 °C. When temperature
reached 62 °C, the breakdown of starch started.  After 1 h,
the machine was  stopped  and the fabric was washed. This
washing process is very important for removing the de-
graded starch from the fabric. It was best achieved by a
subsequent detergent or soda ash (2 g per litre) washing at
95-100 °C for 15 min. Cold washing coagulated the lique-
fied starch on the fabric, which becomes difficult to re-
move. After detergent washing, the fabric was rinsed with
warm water at 60 °C for 10 min, followed by a cold rinse.

The pad batch method is another simple and well used method
in the textile industry. Before starting the desizing process
with pad method, the fabric was pre-washed for 8-10 min at
90-95 °C with 2 g per litre detergent or soda ash. This resulted
in swelling of the starch and facilitated the subsequent amy-
lase action. The fabric was squeezed firmly before impregna-
tion. The desizing liquor was heated up to 60-62 °C. This heat-
ing facilitated the penetration of the amylase into the fabric.

The desizing liquor was poured in the padder machine. The
padding cycles were repeated with different types of enzyme
preparations (Table 2). The padder machine was started and
the squeezed fabric was padded for 100% pick up. After pad-
ding, the fabric was wrapped in polyethylene bags and kept
revolving throughout the batching time for getting even dis-
tribution of the enzyme liquor. After 6 h the polyethylene bags
were unwrapped and the fabric was washed at 95-100 °C for
15 min with 2 g per litre soda ash or a suitable detergent.
After the detergent washing, the desiged fabric was rinsed with
warm water at 60 °C for 10 min followed by a cold rinse.

The activity of amylase enzymes was measured in terms of
time required to breakdown the size-starches. This digestion
was checked by colour development, using iodine solution as
the indicator (1 g iodine + 15 g potassium iodide dissolved in
1 litre water). This solution was applied on the processed cloth.
If the colour of the cloth changed to brown it showed the com-
plete removal of starch and if it turned blue or violet then this
showed that the starch was still present on the fabric (Booth,
1968).

The extraction of crude amylases from the pancreatic fluids is
a simple method for the production of industrial enzymes.  Ani-
mal pancreas from slaughterhouse waste has no commercial
use presently, though it is rich in amylases. It was observed
during the present study  that the activity of pancreatic amy-
lases was maximum after 10 h of soaking in water at 25 °C in
dark conditions and the extract so obtained took 1 h in ex-
haust process, and 6 h in pad batch process for the desizing of
woven fabric.  The two commercial extracts, namely, Bactasol
MTN (Clarriant) and Nervanase 3x (ICI) completed the
fabric desizing within the same time as was taken by the

Table 1. Comparison of the performance of crude pancreatic
amylases with enzymes commercially available for desizing
(exhaust method)

Recipe Bactasol* Nervanase* Pancreatic**

MTN  3x amylase
(Clarriant) (ICI) enzyme

Liquor ratio 20:1 20:1 20:1
Concentration (g/l) 10-15 10-15 10-15
Wetting agent (g/l) 5-10 5-10 5-10
NaCl (g/l) 4 4 4
pH 6.5 6.5 6.5
Temp (oC) 60 60 60
Time (h) 1 1 1
Iodine test brown brown brown

* = commercial desizing enzymatic preparations; ** = crude en-
zyme preparation extracted from slaughterhouse waste pancreas

Table 2. Comparison the performance of crude pancreatic
amylases with enzymes commercially available for desizing
(pad batch method)

Recipe Bactasol* Nervanase* Pancreatic**

MTN 3x amylase
(Clarriant) (ICI) enzyme

Concentration (g/l) 10-15 10-15 10-15
Wetting agent (g/l) 5-10 5-10 5-10
NaCl (g/l) 4 4 4
pH 6.5 6.5 6.5
Temp (0C) 60 60 60
Time (h) 6 6 6
Iodine test brown brown brown

* = commercial desizing enzymatic preparations; ** = crude en-
zyme preparation extracted from slaughterhouse waste pancreas
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pancreatic extract in the two types of processes reported here
(Tables 1 and 2). The observations reported in the present study,
therefore, indicate the possibility of commercial application
of crude enzyme extracts made from a cheap or waste animal
material for the desizing of fabrics in the textile industry.
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Abstract. Ten species of juvenile penaeid shrimps were collected from Sandspit backwaters, Karachi coast, Pakistan. The
genus Penaeus was represented by P. penicillatus, P. merguiensis, P. indicus, P. monodon, P. semisulcatus and P. japonicus,
the genus Metapenaeus was represented by M. monoceros, M. stebbingi and M. affinis, whereas the genus Parapenaeopsis
was represented by a single species, P. stylifera. Population structure, such as the species composition, seasonal abundance,
size distribution, sex ratios, and the length frequency distribution were studied for seven species. The remaining three
species (Penaeus semisulcatus, P. japonicus and Parapenaeopsis stylifera) were found only once and thus excluded from
the above noted studies. The juvenile population in the Sandspit backwaters was dominated by M. monoceros (40.97%)
and P. penicillatus (32.64%), which altogether constituted 73.6% of the population. These were followed in the order of
abundance by M. stebbingi (10.73%) and P. merguiensis (9.29 %).  The three less abundant species were P. indicus (3.27 %),
M. affinis (2.14%) and P. monodon (0.87 %). P. penicillatus dominated during July to October, M. monoceros dominated
during March to June, and M. stebbingi dominated during December and January. The average total length of P. penicillatus
(juveniles) was found to be 57.1 mm with a range from 11 mm to 119 mm. In P. merguiensis, the total length varied from
11 mm to 123 mm with the average length of 54.3 mm.  The total length of P. indicus varied from 12 to117 mm, with the
average length of 60 mm. The total length of P. monodon (juveniles) ranged from 49 to 163 mm, and the average length was
105 mm. The total length of M. monoceros ranged from 11 to 93 mm, with the average size of 46 mm. The size of M.
stebbingi (juveniles) varied from 10 to 90 mm in its total length and the average size was found to be 31 mm.  In M. affinis,
the total length varied from 18 to 95 mm, with the average length of 55 mm. The overall sex ratios in juveniles of all the
species were not found to be significantly different.  However, in certain size classes, the sex ratios deviated significantly.

Keywords:  shrimp population, penaeid juveniles, Karachi coast, Panaeus species, Metapenaeus species, Parapenaeopsis
stylifera
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Introduction
Studies on the population structure of juvenile shrimps are lim-
ited, as compared with those of the post-larval shrimps. This is
inspite of the fact that abundance of the former shrimp stage
may be a more accurate predictor of the subsequent shrimp
harvest than the latter. The predictive capability increases with
each successive life stage because of the decreased time span
between the estimated and subsequent commercial harvest
(Sullivan, 1985). A number of research studies have been pub-
lished on the population structure of juvenile shrimps from other
parts of the world (Liu and Loneragan, 1997; Vance et al., 1996;
Mohan et al., 1995; Loneragan et al., 1994; Obrian, 1994;
Haywood and Staples, 1993; Sasekumar et al., 1992; Staples
and Vance, 1987, 1986, 1985; Dutt and Ramaseshaiah, 1986; Coles
and Lee, 1985; Staples, 1980a, 1980b, 1979; Kuttyamma and
Antony, 1975; Beardsley, 1970; Pullen and Trent, 1969; Menon
and Raman, 1961).

Extensive sampling was done from Sandspit backwaters,
Karachi coast of Pakistan for a period of two years and the

population structure related with species composition, size
distribution, seasonal abundance, sex ratios, and length fre-
quency distribution of seven species of penaeid shrimps was
studied.  These seven species were: Penaeus penicillatus, P.
merguiensis, P. indicus, P. monodon, Metapenaeus monoceros,
M. stebbingi and M. affinis.  The other three species (P. japonicus,
P. semisulcatus and Parapenaeopsis stylifera) collected during
the present investigations were found only once, and hence
their population structure could not be studied.

Materials and Methods
In all, 18242 shrimp specimens were collected from Sandspit
backwaters of Karachi coast (Table 1). Sampling was done
fortnightly for a period of 24 months (June 1987 to May 1989).
Shrimps were collected mostly during low tide, when they
concentrate in deep channels and in tidal ponds. Three differ-
ent types of nets were used for collecting juvenile shrimps,
which were: (a) beam trawl having a mouth opening of 100 cm
long and 30 cm wide, fitted with a net bag of 4 mm mesh size;
(b) cast net of eight feet dia and 6 mm mesh size, and (c) hand
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net of 25 cm dia and 2 mm mesh size to collect small shrimps
adhering to shallow banks where the other two types of nets
could not be operated. The beam trawl was dragged manually
on the substrate for about ten min. Usually, two such hauls
were made on each collection. The substratum was so uneven
and muddy at most places that beam trawl lost its efficiency,
and particularly the large sized shrimps escaped back. In such
situations, the cast net was also used to capture the shrimps.
Shrimps were identified, sexed and measured. The total length

(TL) was taken from tip of the rostrum to the tip of the telson,
and the carapace length (CL) was taken from the orbital notch
to the dorso-posterior margin of carapace. All the measure-
ments were taken to the nearest mm with the help of a divider
and an mm scale. The smaller shrimps (less than 5 mm CL) were
measured under a stereomicroscope.

Sexes were differentiated by the presence of petasmal en-
dopodites in males and by the developing lateral plates of
thelycum in females. The petasma and thelycum were found

Table 1. The number of juvenile shrimps of ten species* collected during June 1987 to May 1989 from the Sandspit backwaters,
Karachi coast, Pakitsan

Collection Genus Penaeus Genus Metapenaeus
period P. penicillatus P. merguiensis P. indicus P. monodon M. monoceros M. stebbingii M. affinis Total
(year/month)

1987

June 5 6 112 0 1053 170 69 1425**

July 109 10 3 12 33 41 5 213
August 523 74 19 30 16 11 0 673
September 76 55 4 24 16 3 0 178
October 498 135 35 38 128 64 0 898
November 228 205 1 6 15 34 0 489
December 101 183 0 2 83 324 0 693

1988

January 89 48 14 0 42 156 50 399

February 83 44 10 1 203 220 100 661
March 145 50 2 2 837 45 49 1135**
April 105 41 2 0 636 13 12 809
May 7 12 55 9 835 0 1 922**
June 298 60 103 0 408 116 3 988
July 836 36 34 5 127 5 0 1043

August 1103 51 3 3 83 1 11 1255
September 605 71 0 6 152 0 0 834
October 315 99 0 15 577 8 1 1015
November 203 197 0 1 127 13 0 541
December 285 202 4 1 10 216 0 718

1989
January 12 0 15 0 7 135 18 187

February 83 32 10 0 155 381 47 708
March 206 46 9 1 219 0 15 496
April 34 16 3 2 717 1 10 783
May 5 21 158 0 995 0 0 1179

Total 5954 1694 596 158 7474 1957 391 18242

* = three species were collected only once during the study: Penaeus semisulcatus (June 1987, 10 specimens), P. japonicus (May 1988, 3
specimens), Parapenaeopsis stylifera (March 1988, 5 specimens); the number of these species have been reflected in the total** for the
respective collection period (month/year)
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mostly at different stages of development, and such shrimps
were considered as ‘juvenile’. Few adult specimens were also
found with fully developed genitalia. A large number of juve-
niles, particularly in the Penaeus species were found without
any growth of petasmal endopodite or thelycal plates. These
specimens were termed as indeterminate, i.e., not determinable
sexually.

Sex ratios among the juvenile shrimps were tested for the dis-
tribution of equality by chi-square. Size classes were made by
the Sturge’s rule (Zuwaylif, 1979), which provides a conve-
nient approximation to the number of classes.  According to
this rule:

number of classes = 1 + 3.3 log N

where:

N = number of observations

Class width was determined by the following formula:

highest variate - lowest variate
number of classes

Results and Discussion

Species composition. The juvenile penaeid shrimps popula-
tion in the Sandspit backwaters was predominated by M.
monoceros (40.97%) and P. penicillatus (32.64%), which to-
gether constituted 73.61% of the total population (Fig. 1).
Following these two species, in the order of abundance were
M. stebbingi and P. merguiensis, which respectively consti-
tuted 10.73% and 9.29% of the total population. The three less
abundant species were P. indicus, M. affinis and P. monodon,
and respectively constituted 3.27%, 2.14% and 0.87%. Al-
though  juveniles of P. monodon were found during most of
the months,  yet their number was relatively less, and hence
constituted only 0.87 % of the total population. The remaining
three species (P. japonicus, P. semisulcatus, and Parape-
naeopsis stylifera) were found only once, and respectively
constituted 0.02, 0.05 and 0.03% of the total juveniles during
the period.

The month-wise species composition of the juvenile shrimps
is shown in Fig. 2. Metapenaeus monoceros was the most
abundant species in June 1987, followed by M. stebbingi.class width =

Fig. 1. Overall species composition (%) of the juvenile shripms of the genera Metapenaeus (M.), Penaeus (P.), and
Parapenaeopsis (Para.) collected from the Sandspit backwaters, Karachi coast, Pakistan.
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These two species constituted 85.8% of the total population 
during this month. However, in July 1987, I? penicillatus 
juveniles dominated and constituted 5 1.17% ofthe total popu- 
lation. M. stebbingi constituted the second most abundant 
species in the population during this month. The number of I? 
penicillatus increased in August 1987 and constituted 77.71% 
of the population. The dominance of I? penicillatus was sus- 
tained until November 1987, when it constituted 46.63% of 
the population. In December 1987, M stebbingijuveniles domi- 
nated the population and constituted 46.75% occurrence. I? 
merguiensis was the second most abundant species. M. 
stebbingi remained the dominant species during January-Feb- 
ruary 1988. In February 1988, M stebbingiconstituted 33.28%, 
while M monoceros constituted 30.71% of the population. M. 
monoceros was the most abundant species during March- 
June 1988, with the maximum abundance of 90.56% in May. 
The other six species together constituted only 9.44 % of the 
population. I? penicillatus was the most abundant species 
during July-September 1988 and constituted 87.89% of the 
population in August 1988. In October 1988, the population 
was composed of 56.85%, 3 1.03% and 9.75% for M monoceros, 
I? penicillatus and I? merguiensis, respectively. The other 
three species together constituted only 2.37 % of the popula- 

tion. In November 1988, I? penicillatus and I? merguiensis 
respectively constituted 37.52% and 36.41% of the popula- 
tion. I? penicillatus remained dominant during December 1988 
and constituted 39.69%. In January-February1 989, M. stebbingi 
constituted 72.19% ofthe population. During March-May 1989, 
the population was mostly composed of M. monoceros juve- 
niles and constituted 9 1.57% of the population. However, the 
other six species constituted 8.43% of the population. 

Seasonal abundance. Seven species were found regularly 
or intermittently round the year, and the changes in their 
seasonal abundance are given in Fig. 3. 

Penaeuspenicillatus. A total of 5954 juvenile specimens were 
collected during the study period, and their seasonal abun- 
dance is shown in Fig. 3A. In 1987, juvenile specimens were 
abundant during August and October and thereafter the num- 
ber gradually decreased to a minimum during May 1988. How- 
ever, from June 1988 onwards, their number increased rapidly 
and their maximum abundance was recorded during August 
1988. Their number, however, consecutively decreased in the 
subsequent months until January 1989. There was a slight in- 
crease in the number of juveniles during February and March 
1988, but their number again rapidly decreased. 

P. penicillatus I? tnerp~ierzsis P. indicus I? n~or~odoii 

E3 M ntonoceros [I M slehhingii E l  M aflnis 

Fig. 2. Month-wise species compostion of the juvenile shrimps of the genera Penaeus and Metapenaeus collected from the 
Sandspit backwaters, Karachi coast, Pakistan. 



Fig. 3. The seasonal abundance of seven dominant-peaneid juvenile species of the shrimp genera Metapenaeus and
Penaeus in the sandspit backwaters, Karachi coast, Pakistan.
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Penaeus merguiensis. A total of 1694 juvenile specimens of
this species were collected during the present investigations.
The maximum number of juveniles was found during Novem-
ber-December in both the years (1987, 1988), whereas the mini-
mum number was found during  January 1989 (Fig. 3B). The
juveniles increased gradually in their number from June-
November 1987, which then disappeared from the population.
Very few juvenile specimens were found during May 1988.
From July 1988 onwards, the number of juveniles increased
gradually and their higher abundance was observed during
December 1988. The number dropped suddenly during Janu-
ary 1989, when juveniles were completely absent in the back-
waters. However, in the subsequent months, they started re-
appearing.

Penaeus indicus. A total of 596 juvenile specimens of this
species were collected during the present study.  Large num-
bers of juveniles were found in May and June 1987, whereas
they were totally absent during December 1987, and during
September-November 1988.  During other months, they were
found in small numbers with no regular pattern of abundance
(Fig. 3C).

Penaeus monodon. The seasonal abundance of P. monodon
juveniles is shown in Fig. 3D. A total of 158 juvenile specimens
were found during the study period.  The juveniles were most
abundant during October 1987 and 1988, although the number
of juveniles was considerably less in 1988.  Availability of
juveniles increased from June 1987 and reached their maximum
abundance in October 1987. Thereafter, the number of juve-
niles decreased rapidly, which completely disappeared in Janu-
ary and April 1988, indicating a migratory pattern of P. monodon
from nursery ground to breeding ground. However, few did
occur during February and March 1988.  Similarly,  juveniles of
this species were not found in June 1988, and January and May
1989.

Metapenaeus monoceros. Juveniles of this species were found
during  all the 24 months of the study period and their number
was also the highest (7474). However, they were quite abun-
dant during March-June 1988 (Fig. 3E).  Their peak abundance
was noted during May to June.

Metapenaeus stebbingi. A total of 1957 juvenile specimens
were collected during the study period. The juveniles were
abundant in winter months, the maximum numbers of the juve-
niles were observed in February 1989 (Fig. 3F).  The juveniles
were also abundant during December 1987.  A minor peak of
abundance was found in June 1987 and 1988. They were not
collected during May and September 1988, and March and
May 1989.

Metapenaeus affinis. A total of 391 juvenile specimens of this
species were found during the study period. They were mostly

abundant during the winter months of January, February and
March 1988 and 1989, with the exception of June 1987. Juve-
niles of this species almost disappeared during August-
December 1987; July, September, November-December 1988;
and May 1989 (Fig. 3G).

Length frequency distribution. The length frequency distri-
bution of juvenile shrimps of different species is given in Fig. 4.

Penaeus penicillatus. Total length of the juvenile P. penic-
illatus ranged from 11 mm to 119 mm with mean total length of
57.1 ± 8.4 mm (SE).  The mean total length calculated for each
monthly sample ranged between 44 to 87 mm. In the month of
June 1987, the mean length was 87 mm and then there was a
gradual decrease in the mean length of the juveniles until Sep-
tember 1987, when the mean length was 49 mm. Thereafter, the
mean length of the juvenile population gradually increased
until November 1987, when it was found to be 67 mm.  From
December 1987 to March 1988, the mean length fluctuated
between 56 mm and 59 mm. However, from April  to September
1988, there was a gradual decrease in the mean length of the
juvenile shrimps from 65 mm to 49 mm. Again, there was an
irregular fluctuation in the average size from September 1988 to
May 1989, and was found to be between 44 mm and 63 mm.

Penaeus merguiensis. In P. merguiensis the total length var-
ied from 11 to 123 mm, with the mean length of 54.3 ± 9.9 mm
(SE). However, the monthly mean length varied from 42 mm to
87 mm. The average total length of the juveniles decreased
gradually from 87 mm to 42 mm, and then there was a gradual
increase in the mean length until November 1987, when it was
found to be 60 mm.  There was an irregular fluctuation in the
mean length from December 1987 to March 1988 when it was
found to be between 45 mm and 61 mm.  From  April - Septem-
ber 1988, there was a gradual decrease in the mean length from
64 mm to 46 mm.  Again, the mean length of the juvenile shrimps
fluctuated irregularly but juveniles of larger sizes occurred
during January 1989, as compared to December 1988 and Feb-
ruary 1989.

Penaeus indicus. The total length varied from 12 to 117 mm,
with an average length of 60 ± 14 mm (SE).  The monthly
average size varied from 27 mm to 86 mm.  The average size
decreased rapidly from 86 mm to 27 mm in 1987.  There was a
rapid increase in the mean length after August 1987 till Octo-
ber 1987, when the mean length was 80 mm. An irregular fluc-
tuation was observed in the mean length that varied from 49
mm to 72 mm during January-August 1988.  In the months of
September-November 1988, the juveniles of P. indicus were
absent. However, during December 1988, the mean length of
79 mm was found, which decreased gradually up to March
1989, when the mean length was noted to be 48 mm.
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Penaeus monodon. The total length in juveniles of this spe-
cies ranged between 49 mm and 163 mm. The mean length was
found to be 105 ± 20 mm (SE). The mean length decreased from
July-September 1987 and June-September 1988. Irregular length
frequency distribution was found during other, perhaps on
account of the entry of smaller size groups of the species.

Metapenaeus monoceros. The juveniles of this spcies ranged
from 11 mm to 93 mm in total length with the mean length of 46
± 9 mm (SE).  The smallest size juveniles were found in July
1987, when the mean length was 18 ± 6 mm (SD). The length
frequency of juveniles gradually increased to 50 ± 12 mm (SD)
during September 1987. During October 1987 to May 1988, the
mean length fluctuated between 36 mm and 54 mm. However,
during May to September 1988, the mean length declined to 40
mm. Thereafter, an increase in the length was observed and
the maximum mean length of 65 mm was recorded during Janu-
ary 1989. The mean length then again gradually decreased and
it was found to be 45 mm during March 1989.

Metapenaeus stebbingi. The size of the juveniles of M.
stebbingi varied from 10 mm to 90 mm in their total length. The
mean length of juveniles was found to be 31 ± 5 mm (SE).
However, month-wise length distribution showed that the mean
length in June 1987 was 40 mm, which gradually decreased to
21 mm in August 1987. Thereafter, the mean length started to
increase (53 mm) untill February 1988. From February-July 1988,
the mean monthly length decreased (except during June). The
mean length in July was found to be 34 mm. A gradual increase
in length was again observed from July 1988 onward and in
January 1989 the mean length  was found to be 58 mm.

Metapenaeus affinis. The range of total length was found to
be 18 mm to 95 mm with the mean length of 55 ± 8 mm (SE).  In
January 1988, the mean length was 63 mm, which gradually
decreased to 36 mm in August 1988. Again, in January 1989,
higher mean length was observed (67 mm). However, from
January onwards, the mean length declined.

Fig. 4. The length size (mm) distribution of the juvenile penaeid shrimps collected from the Sandspit backwaters, Karachi
coast, Pakistan during June 1987 to May 1989.
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Sex ratio. The sex ratios of the seven species of juvenile
shrimps collected during the present investigation are given
in Table 2. In P. penicillatus, P. merguiensis and P. indicus,
females were more abundant than males and the ratios be-
tween males and females in the three species were found to be
1 : 1.05, 1 : 1.09 and 1 : 1.03, respectively.  Chi-square test
revealed that these differences were not statistically signifi-
cant. In the case of Penaeus monodon, Metapenaeus
monoceros, M. stebbingi and M. affinis, the males were more
abundant than the females and the ratios between males and
females in the four species were found to be 1 : 0.90, 1 : 0.97,
1 : 0.96 and 1 : 0.95, respectively.  However, these differences
were also not found to be statistically significant, when chi-
square test was performed.

Sex ratios in different size groups. In P. penicillatus,the
male to female ratio was 1 : 0.33 for size group range from 42 -
49 mm.  This deviation from the expected ratio of 1:1 was found
to be statistically significant. In all other size groups, the sex
ratio did not deviate significantly. In the case of P. merguiensis,
however, the sex ratios in different size groups were found to
be normal, except in the size groups 70-77 and 84-91 mm.
P. indicus had four size groups, in which sex ratios deviated
significantly in the size group 77-84 mm, and the sex ratio
between males and females was found to be 1 : 1.42. Similarly,
in the size group 91-98 mm, the sex ratio of males and females
was found to be 1 : 7.25.  In the next size group, 98-105 mm, the
male and female ratio was 1 : 0.08, while in the size group 126-
133 mm, only males were present. In P. monodon all the size
groups had normal male to female ratio, without any signifi-
cant deviation, except the 70-77 mm size group. In M. monoceros
different size groups showed normal distribution of male and
female sex.  At different size groups, M. stebbingi and M.
affinis displayed significant deviation from the expected 1 : 1
ratio.  In M. stebbingi females dominated the males in the size
groups 30-36 mm, 48-54 mm and 54-60 mm. In the other two
larger size groups, 66-72 and 72-78, there were more males than

females, and again the difference was found to be statistically
significant.  In M. affinis, only the two size groups, 36- 42 and
54-60 mm, had a ratio of 1 : 2.07 and 1 : 0.43 (male : female) and
the sex ratio deviated significantly.  Other size groups had
almost normal distribution of male and female.

Species composition of the juvenile shrimps showed that
Metapenaeus monoceros and Penaeus penicillatus were the
most dominant species in the Sandspit backwaters.  These
two species were found throughout the year and all together
constituted 73.6% of the penaeid population.  Metapenaeus
stebbingi and P. merguiensis were next in abundance, and
their juveniles were collected from the Indus delta on two
occasions; in February 1980 and then in May 1980. Ahmed
(1985) reported that juveniles of Metapenaeus affinis were
most abundant in January and February 1980,   while juveniles
of P. indicus were second most in abundance. Hassan (1992)
studied the immigration of Metapenaeus monoceros, M.
stebbingi and M. affinis juveniles and observed that M. affinis
juveniles were the most abundant at Korangi creek, while
M. monoceros was the most abundant at the Sandspit back-
waters.

Dumetriades and Forbes (1993) investigated species compo-
sition of different size categories of penaeid prawns at Tugela
Bank off the east coast of South Africa. In the smaller size
categories of juveniles, they observed two seasonal abun-
dance in CPUE during January- May and July-September, which
were dominated by P. indicus and M. monoceros.

The present study has shown that juveniles of Metapenaeus
monoceros dominated during March to June, while juveniles
of P. penicillatus dominated during July to November.  How-
ever, M. stebbingi predominated only during December to Janu-
ary (winter). Ahmed (1985) reported that juveniles of  M.  affinis,
with the size range of 11-107 mm, occurred in the Indus delta.
During the present study, size range of 18-95 mm of juveniles
of M. affinis was observed in the Sandspit backwaters.

Table 2. Sex ratios at p < 0.05 in seven juvenile shrimps species of the genera Penaeus and Metapenaeus, collected from the
Sandspit backwaters, Karachi coast, Pakistan during June 1987 to May 1989

Species Number Indeterminate Males Females M : F Chi-square
sex (M) (F)

P. penicillatus 5954 2902 1489 1563 1:1.05 1.794
P. merguiensis 1694 724 465 505 1:1.09 1.650
P. indicus 596 87 242 267 1:1.03 1.228
P. monodon 158 4 81 73 1:0.90 0.416
M. monoceros 7474 89 3741 3644 1:0.97 1.274
M. stebbingi 1957 21 988 948 1:0.96 0.826
M. affinis 391 2 199 190 1:0.95 0.208
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Ahmed (1985) found the size range of 9-76 mm of P. indicus
juveniles in the Indus delta, whereas size range of 12-104 mm
was observed during the present study at Sandspit backwaters.

Mohan et al. (1995) studied population structure of juvenile
shrimps in the mangrove habitat of Muthupet, India. Among
the eight commercially important species, Penaeus indicus, P.
merguiensis, P. monodon and M. dobsoni were found as the
dominant species. P. indicus and P. merguiensis were found in
the size of 9-11 mm total length, while P. monodon was found
in 12-14 mm total length.  The minimum size of P. monodon was
found to be 46 mm at the Sandspit backwaters.

The presence of P. monodon juveniles in the Sandspit back-
waters is unique, where the average salinity was 36.91±0.97
(Sultana and Mustaquim, 2003). This species is known to pre-
fer low salinity and grows best at salinities between 10-20 ppt
(Primavera and Apud, 1978).  It is, therefore, an abundant spe-
cies in countries like Bangladesh, the Philippines and Thai-
land, where the estuaries have low salinity due to high rainfall
as well as freshwater discharge from the rivers. In the Philip-
pines, peak occurrence of P. monodon was reported in
August and September (Mohammed, 1965). P. monodon juve-
niles have never been earlier reported from the backwaters or
creeks along the Pakistan coast. During present investigation,
P. monodon juveniles were found in most months and were
abundant during August–October.

It has been reported that Parapenaeopsis stylifera completes
its life cycle in the deep sea and the post-larvae and juveniles
avoid backwaters and shallow creeks (Mohammed and Rao,
1971).  However, few juveniles of P. stylifera were caught in
February 1980 from the Indus delta by Ahmed (1985). During
the present investigations, incidental presence of P. stylifera
was observed at the Sandspit backwaters.

Sex ratios have been often reported to deviate from the natural
ratio of 1 : 1 for penaeid shrimps in adult stocks.  The deviation
may be caused by a number of intrinsic and extrinsic factors,
such as environmental, migratory, breeding, selective mortal-
ity and fishing intensity.  Menon (1957) studied the sex ratio of
penaeid shrimps, from southwest coast of India, and reported
striking differences in Metapenaeus dobsoni, but in the case
of Penaeus indicus and Metapenaeus affinis no such striking
difference in sex ratio was observed.  In their study of sex ratio
of penaeid shrimps, Kuttyamma and Antony (1975) observed
male dominance in Penaeus indicus, whereas female domi-
nance was noted in M. dobsoni and M. monoceros at Cochin
backwaters, India. However, they did not give the magnitude
of dominance, neither they performed any statistical test to
observe whether the differences were significant or not.
Hussain (1974), who studied the sex ratio of Penaeus

merguiensis from Karachi Fish Harbour, for a period of one
year (May 1970 to April 1971), found a ratio of 1 : 1.4 (male :
female). In month-wise analysis, this author observed that
males dominated the females during December–January.

Though no statistical test was performed during this sutdy,
yet it is evident from the given table that the reported data
were statistically significant (χ2 = 36.815; df = 1; p > 0.05). In a
more recent study, Ayub and Ahmed (1992) reported 1 : 1 sex
ratio in the adult population of P. penicillatus, P. merguiensis,
and M. affinis from Pakistani waters.  While considering the
monthly percentage of sexes, they found that in P. penicillatus
and P. merguiensis, 1 : 1 ratio deviated significantly in certain
months.  During the present investigation, the overall sex ra-
tios in juveniles of each species were not found significantly
different from the natural 1 : 1 ratio.  However, in certain size
classes, the sex ratios deviated significantly from 1:1. This
significant difference in the sex ratio in small size classes may
be due to the fact that the males develop secondary sexual
characters earlier than the females. Hence, the males in small
size classes were sexually determined, while the females re-
mained as indeterminate juveniles.
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Introduction
Among the suggested non-conventional novel sources of
proteins are bacteria, yeasts, algae and the mycelia or sporo-
phores of higher fungi. The latter deserves special consider-
ation since humans have consumed mushrooms throughout
their evolutionary history because of their pleasing flavour.
Mushrooms are not only a food delicacy, but also a rich
source of proteins, carbohydrates, minerals and vitamins
(Martin, 1992; Bano and Srivastava, 1962; Jenninson et al.,
1957).  Mushroom production, as compared to other veg-
etable crops among the marketed foods, is highly efficient in
terms of energy conversion, i.e., energy input as the nutrients
supplied for growth and output in the form of biomass. Sev-
eral mushrooms have simple growth patterns and growing
nature, as they are able to grow on agricultural and other
cellulosic industrial waste products. Many researchers have
effectively and economically grown them on different solid
substrates including agrowastes (Kausar and Zafar, 1999;
Khan, 1982; Jaindak and Kapoor, 1976). By cultivating
mushrooms suitably, these wastes can be recycled into food
and the environment may be rendered less endangered by
their pollution.

In Pakistan, the awareness of growing mushrooms at the cot-
tage industry levels has increased many-folds during the last
few years. It will not only help in bridging the existing pro-
tein gap, but is also expected to earn a fair amount of foreign
exchange through their export. Mycelium of Pleurotus spe-
cies has been previously grown successfully on agrowastes
(Kausar et al., 2003; Kausar and Zafar, 2002). The present
study was carried out to determine the effect of different car-
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Abstract. The effect of different carbon sources, namely, sawdust and powder of agrowastes (as such, or water soluble
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tein, 1.55% fat, 3.59% ash, 2.32% crude fibre, and 63.48% nitrogen free extract.
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bon sources, such as agrowastes in powder form, the extract
of these agrowastes, and the incorporation of various inor-
ganic/bioorganic nitrogen sources on the growth of Pleurotus
sajor-caju in submerged culture conditions.

Materials and Methods
Source and maintenance of stock culture. The culture of
Pleurotus sajor-caju was obtained through the courtesy of
Dr. Ralph H. Kurtzman Jr., U.S. Department of Agricul-
ture, West Regional Research Centre, Berkley, California,
USA. The stock culture was maintained on standard malt
extract agar (MEA) medium in test tube slants at 3-5 °C.
The inoculum was grown on MEA medium in 90 mm petri
plates incubated at 25±0.5 °C, and the fungus colony was
allowed to grow till the plates were completely covered
with mycelial growth.

Shake flask cultures. Different carbon sources, grounded
powder/sawdusts of various plant wastes, extract of these
plant waste materials, and inorganic and natural (bioorganic)
nitrogen sources were used as the substrates for shake flask
fermentation.

In one set of experiments, 50 ml of commercially prepared
potato dextrose medium (Oxoid, England) was supplemented
separetely with 1 g each of glucose, sucrose, sorbitol, mal-
tose, starch or molasses in separate 250-ml Erlenmeyer flasks.
pH of each supplemented substrate medium was adjusted at
6.1. In the second set of experiments, various plant wastes,
such as cotton sticks, wheat straw, wheat spikes, sawdust of
‘shisham’ (Dalbergia sissoo) and ‘kikar’ (Acacia arabica) were
ground to 100 mesh size (BSS) in an electric grinder. Two
gram of each material and 1 g glucose were added to 50 ml
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distilled water in 250-ml Earlenmeyer flasks. In the third set
of experiments, 2 g of each plant waste, as was used in the
second set of experiments, were taken separately in about 50
ml of distilled water, boiled for 10 min and filtered through
cloth. One gram of glucose was added to it and the volume
was adjusted to 50 ml in each case. No amendment of carbon
and nitrogen sources comprised the control. In the fourth ex-
periment different inorganic and natural nitrogen sources,
which included ammonium sulphate, ammonium nitrate, urea,
corn gluten meal, mustard seed meal, leaf protein concentrate
of alfalfa, along with 1 g glucose, were added separately to 50
ml water in each 250-ml Earlenmeyer flask.

pH of each variation of the culture medium was noted and
adjusted to 6.1. The flasks were plugged and sterilized at 15
psi for 15 min.  Four inoculum plugs (6 mm) were trans-
ferred from petri plate cultures grown seperately to the fer-
mentation medium in the flasks and the inoculated flasks
were shaken in a rotary shaker at 250 rpm at 25±0.5 °C for
five days (with and without light). pH of the medium was
noted at the termination of fermentation period. Mycelial
biomass, in the form of pellets, was separated by filtration
on preweighed and dried Whatman filter paper No. 4 and
dried overnight at 80 °C,  followed by weighing to calculate
its yield (g/l).

Biomass determination. The dry cell mass was gravimetri-
cally determined by using 80 mesh stainless steel sieve discs
(30 mm dia) placed onto a porcelain Buckner funnel. 50 ml of
the fermented broth, containing the fungal biomass and insoluble
particles of non-consumed plant wastes, was filtered through
the stainless steel sieve disc to retain thick biomass. The strained
biomass was thoroughly washed with warm (40 °C) and acidi-
fied distilled water to remove the adhered insoluble substrate
particles, and the organic and inorganic contents of the fermen-
tation medium. The biomass was quantified gravimetrically
according to the method described by Trinci (1969).

Proximate composition of biomass. Mycelial biomass was
ground to 100 mesh size. The proximate composition of the
biomass, namely, moisture, crude proteins, fat, ash and crude
fibre, was determined according to AOAC (2000). Nitrogen
free extract (NFE) of the samples was calculated as below:

NFE (%) = 100 - (moisture + proteins + fat + ash + crude fibre)

Statistical analysis. The data were statistically evaluated  using
analysis of variance based on completely randomized design
and the difference in the mean value was tested by Duncan’s
multiple range test (Steel et al., 1996).

Results and Discussion
The effect of different carbon sources on the biomass
production of Pleurotus sajor-caju in submerged fermenta-
tion is shown in Table 1. Biomass production varied from
5.50 to 12.85 g/l. Maximum and minimum being when mo-
lasses and sucrose were used as the carbon sources, respec-
tively. Biomass production in the presence of starch (10.07
g/l) and maltose (11.13 g/l) was in agreement with the find-
ings of Nair and Kaul (1988) and Sakamoto et al. (1978).
Significantly higher (p = 0.01) biomass production in the
presence of  molasses as the carbon source might be due to
the presence of some additional growth promoting factors
such as minerals and vitamins (Hubble, 1984). Changes in
pH (except when starch and sucrose were supplemented in
the medium), and crude proteins showed non-significant dif-
ferences when different carbon sources were used.

Biomass production of P. sajor-caju was significantly
higher (10.08 g/l) when powder of wheat spike was added
to the fermentation medium. Other sawdust/powdered plant
wastes (cotton sticks, cotton locules, ‘shisham’, ‘kikar’ and
wheat straw) produced 4.73, 4.80, 2.20, 3.15 and 8.50 g/l
fungal biomass, respectively (Table 2). It is evident that

Table 1. The effect of different carbon sources on the biomass and crude protein production of Pleurotus sajor-caju

Carbon source Initial pH of Final pH of Biomass weight Crude protein
(2%) the medium the medium+ (g/l) (%)

Molasses 5.42 6.50 12.85** 20.81
Starch 6.01 6.88 10.07** 19.75
Maltose 6.14 6.37 11.13** 20.87
Sorbitol 6.19 6.34 8.64* 19.50
Sucrose 6.12 7.32 5.50 21.01
Glucose 6.20 6.46 6.16 NS 21.5

** = highly significant; * = significant; NS = non-significant with respect to mean value; + = at the termination of fermentation period after
5 days
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wheat spike powder was the best for promoting mycelial
growth of P. sajor-caju. Changes in the pH of fermentation
medium varied from 3.41 to 5.35.  The lower pH values,
3.44, 3.41 and 3.53, indicated that polysaccharides of
‘kikar’, wheat straw and wheat spikes were easily biode-
graded to monosaccharides and then oxidized to carboxy-
lic acids. Crude protein contents (19.85-21.35%) of the bio-
mass produced on various sources showed non-significant
differences. Addition of extracts of sawdust and powder of
the six agrowastes studied, produced 3.51 to 12.35 g/l of
biomass, maximum being in the presence of  the extract of
wheat spikes (12.35g/l) followed by wheat straw as 9.78
g/l (Table 3). Similar observations have been reported by
Schiesser et al. (1989) with wheat straw. Comparatively
higher production in the presence of extracts of sawdust
and powders of plant wastes clearly indicated better avail-
ability of polysaccharides and other growth promoting in-
gredients in agrowaste materials than in the case of sawdusts
of ‘kikar’ and ‘shisham’ as such, in which these are present
in complex forms. The crude protein contents in both cases
showed non-significant differences (Tables 2 and 3).

The effect of supplementing inorganic and natural
nitrogen sources on biomass production of P. sajor-caju

varied from 8.15 to 13.92 g/l (Table 4). Maximum biom-
ass production was observed in the presence of corn glu-
ten meal (13.92 g/l), followed by leaf protein concentrate
(12.24 g/l), showing non-significant differences. The
lower biomass production in the presence of ammonium
sulphate (8.15 g/l) and ammonium nitrate (10.58 g/l) in-
dicated their lower growth promoting quality as compared
to the natural nitrogen sources. Urea and mustard seed
meal (MSM) inhibited biomass production, which might
be due to the liberation of ammonia gas by decomposi-
tion of urea and the presence of toxic factors, such as
glucosinolates in MSM (Niazi and Shah, 1988). Similar
observations have been reported by Kausar (1988).

The proximate composition of the mycelium biomass of
P. sajor-caju is presented in Table 5, which shows that it
contained 21.18% crude protein, 1.55% fat, 3.59% ash,
2.32% crude fibre, and 63.48% nitrogen free extract
(NFE). Proteins, fat, ash and crude fibre contents of the
mycelium biomass were in line with that reported for P.
ostreatus, but significantly lower (p = 0.01) than that of
the sporophores of P. sajor-caju grown on the solid sub-
strate of rice straw, whereas the NFE contents were higher
(Kausar and Iqbal, 1994).

Table 2. The effect of different plant waste powders and sawdust on the biomass and crude protein production of Pleurotus sajor-caju

Initial pH of Final pH of Biomass weight Crude protein
Plant waste the medium the medium+ (g/l)  (%)

Cotton sticks powder 7.18 5.35 4.73* 20.05
Cotton locules powder 7.58 4.21 4.80* 21.30
‘Shisham’ wood sawdust 5.21 2.28 2.02 19.95
‘Kikar’ wood sawdust 6.53 3.44 3.15NS 20.95
Wheat straw powder 6.38 3.41 8.54** 21.35
Wheat spikes powder 6.48 3.53 10.08** 19.85

** = highly significant; * = significant; NS = non-significant with respect to mean value; + = at the termination of fermentation period after
5 days

Table 3. The effect of extracts of different plant wastes on the biomass and crude protein production of Pleurotus sajor-caju

Plant waste Initial pH of Final pH of Biomass weight Crude protein
extract used the medium the medium + (g/l) (%)

Cotton sticks 7.15 6.70 7.61* 20.01
Cotton locules 7.55 4.21 8.25** 20.38
Sawdust of ‘shisham’ 5.56 4.44 3.51 19.35
Sawdust of ‘kikar’ 6.21 5.90 5.46* 20.85
Wheat straw 6.97 5.35 9.78** 21.05
Wheat spikes 6.62 4.93 12.35** 19.75

** = highly significant; * = significant; + = at the termination of fermentation period of 5 days
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It is concluded that fermentation medium containing extracts
of wheat spikes and corn gluten meal are most appropriate for
biomass production of P. sajor-caju in submerged culture
fermentation.
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Table 5. Proximate composition of Pleurotus sajor-caju grown
in submerged and surface culture medium

Constituents Submerged Solid state
culture medium medium+

(%) (%)

Moisture 8.28 10.25
Crude protein 21.18 30.50
Fat 1.55 1.81
Ash 3.59 12.32
Crude fibre 2.32 11.30
Nitrogen free extract (NFE) 63.48 34.07

+ = Kausar (1988)

Table 4. The effect of different nitrogen sources on the biom-
ass and crude protein production of Pleurotus sajor-caju

Nitrogen sources+ Biomass weight Crude protein
(g/l) (%)

Ammonium sulphate 8.15 20.80
Ammonium nitrate 10.58* 21.25
Corn gluten meal 13.92** 20.18
Leaf protein concentrate 12.24** 21.87

+ = 1% nitrogen level; pH of the medium was adjusted to 6.1;
** = highly significant; * =  significant
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Abstract. Samples of poultry broiler and layer rations (n = 865) were received at Romer Laboratories Pakistan from
different parts of the country over a period of 31 months for the purpose of their mycotoxin analysis. The samples were
analyzed by thin layer chromatography and by HPLC. The mycotoxins analysed included aflatoxin-B1 (AfB1), zearalenone
(Zon), deoxynivalenol (Don), 3-acetyldeoxynivelenol (3ac-Don), 15-acetyldeoxynivelenol (15ac-Don), nivalenol (Niv),
fusarenon-x ( Fus-x), T-2 toxin (T-2), HT-2 toxin (Ht-2), diacetoscirpenol (Das), neosolaniol (Neos) and ochratoxin-A
(OtA). The mycotoxin AfB1 was noted to be the major contaminant in the feed samples analyzed (84.70% in 182
feeds), followed by OtA (51% in 41 feeds), Zon (49.33% in 150 feeds), Don (38% in 150 feeds), T-2 (34.65% in 101
feeds), 3ac-Don (19.41% in 67 feeds), and 15ac-Don (11.94% in 67 feeds). Mean values with standard deviation for
AfB1, OtA, Zon, Don, T-2 toxin, 3ac-Don and 15ac-Don were 13±16.80 μg/kg, 10±19.63 μg/kg, 213.58±440 μg/kg,
456±1122 μg/kg, 442.56±1191 μg/kg, 41±102 μg/kg, and 38.92±149.58 μg/kg, respectively. All samples were ob-
served to be negative for HT-2 toxin, Das, neosolaniol, nivalenol, and fusarenon-x. This study is the first report on the
occurrence of a range of mycotoxins in the Pakistani poultry rations, which shows that AfB1, OtA, Zon, T-2 toxin, Don,
3ac-Don and 15ac-Don may be present at levels, which adversely affect poultry production.

Keywords: mycotoxins, aflatoxins, toxic metabolites, poultry feed, poultry rations
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Introduction
Mycotoxins are toxic secondary metabolites of moulds that
are produced on a wide range of commodities and under a
diverse range of situations (Moss, 1991). Deleterious effects
in poultry production are caused mainly by aflatoxins,
zearalenone, trichothecenes and ochratoxins (Binder et al.,
2000). The toxic effects of mycotoxins on poultry are depen-
dent upon age, sex, and the physiological and nutritional
status of the bird at the time of exposure. Since the mould
growth at various stages during the feed production and
distribution systems can magnify the mycotoxin problem, it is
difficult to diagnose the contributing factors in the field situ-
ations (Cortyl and Heidler, 2002). Apart from this, some my-
cotoxins are formed under specific climatic conditions under
which the plants are growing in the field, while others are
produced under high humidity prevalent during inadequate
storage conditions. Once produced, nevertheless, it is very
difficult to get rid of these mycotoxins or even reduce their
contamination, because these toxins have a  high physical and
chemical stability (Wilson and Abramson, 1992).

Mycotoxins are frequently associated with serious diseases
of poultry, livestock and humans (CAST, 2003). Presence  of
aflatoxins in the poultry feed may cause reduced growth rates,
poor feed conversion ratios, increased stress susceptibility,

kidney damage, anaemia, suppressed immune system, and
greater interference with normal protein and lipid metabolism
(Butool et al., 1990; Huff et al., 1988). Ochratoxin-A
(nephrotoxin) is  the mycotoxin traditionally considered to be
of importance in the poultry birds. The ochratoxin-A contami-
nated diet, when consumed by poultry birds, may cause list-
lessness, huddling, diarrhoea and tremors in broilers, whereas
in layers it may cause decreased egg shell quality and increased
percentage of egg with blood or meat spots (Cortyl and Heidler,
2002). Trichothecene mycotoxins, on  the other hand, are the
Fusarium-produced toxins that occur naturally at levels
potentially toxic for chicken (Leeson and Summer, 2001).

Feed is the major financial input in poultry production, amount-
ing to 60-70% of the total cost (Butool et al.,1990). Mycotox-
ins cause serious economic losses by damaging upto 25% of
the world’s poultry crop (CAST, 1989). Generally, poultry
feed contains 40-60% grains, mainly maize, rice and wheat.
The poultry feed in Pakistan is almost entirely dependent upon
agricultural by-products (Anjum and Naseem, 2000). Usu-
ally, and particularly in the developing countries, the best qual-
ity grains and cereals are exported or reserved for human con-
sumption, whereas the poorer quality harvests are consumed
for the production of animal feeds (Jones,1995). Human  popu-
lation growth is another factor for the non-availability of ac-
ceptable quality grains for poultry feeds (Anjum and Naseem,
2000). In addition, inadequate  storage facilities, humid envi-
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ronment and elevated temperatures, particularly from May to
November, are conducive for the growth of fungi, such as As-
pergillus species, which produce mycotoxins in these condi-
tions (Sabri et al., 1989). The low temperature in the winter
season is favourable for the production of certain other myc-
otoxins, like ochratoxin-A, trichothecenes and zearalenone by
Fusarium species (Richard, 2000).

The mycotoxin analysis in Pakistan is usually limited to afla-
toxins. Pakistan’s environment has been reported to favour
aflatoxicosis, which is quite common in commercial broilers,
breeders and layers (Bhatti, 1989; Siddique et al., 1987). Iso-
lated attempts have been made to evaluate the occurrence of
ochratoxin-A (Rehman et al., 2003). However, little informa-
tion is available on the  presence of other mycotoxins in poul-
try feeds and feed ingredients in Pakistan. It is reported that
some moulds are able  to produce more than one mycotoxin,
whereas some mycotoxins are produced by more than one
mould species, and thus several mycotoxins are often simul-
taneously found in a single commodity (CAST, 2003). Co-
occurrence of certain mycotoxins, like aflatoxin-B1 and och-
ratoxin-A, aflatoxin-B1 and T-2  toxin, ochratoxin-A and cit-
rinin, etc., exert additive, antagonistic or synergistic effects
on the health status of birds (Huff et al., 1988). The present
study shows the general trend of occurrence of aflatoxin-B1,
trichothecenes-A, trichothecenes-B, ochratoxin-A, and
zearalenone in the poultry rations in Pakistan.

Materials and Methods
The various steps involved in analytical procedures have been
summarized (Fig.1).

Sample collection and preparation. Commercial samples
of different types of poultry feeds were collected from vari-
ous parts of Pakistan (Rawalpindi, Islamabad, Abbotabad,
Mansehra, Lahore, Gujrawala, Faisalabad, Sumundri,

Kamalia, Multan, Rahim Yaar Khan, Thatha) over a period of
31 months from December 2001 to July 2004. The feed
samples (1-2 kg) were collected from feed mills and domes-
tic/cottage industry mixers. The samples were ground and
sub-sampled by Romer Series-II Sub-sampling Mill (Rich-
ard, 2000) for the purpose of obtaining a homogeneous and
representative sample. The sieve size of the mill was 16 mesh.
The surplus materials were stored as file samples.

Sample extraction and clean-up. Aflatoxin-B1, ochratoxin-
A, zearalenone, trichothecenes type-A (neosolaniol,
diacetoscirpenol, Ht-2 toxin,T-2 toxin) and trichothecenes
type-B (nivalenol, deoxynivalenol, 3-acetyldeoxynivalenol,
15-acetyldeoxynivalenol, fusarenon-x) were analysed by the
procedures developed by Romer Laboratories Inc., 1301-
Stylemaster Drive, Union, MO, USA (Richard, 2000).

Sample analysis. For  the analysis of aflatoxin-B1 
(AfB1,

deoxynivalenol (Don) and zearalenone (Zon), the analysis
protocol of 3-toxin test (method code: tox-tl-01-02.1, Romer
Laboratories Inc., USA) was followed (Richard, 2000).
A  25 g  portion of finely ground sample in acetonitrile : water
(84 : 16) was blended at high speed in a blender (Osterizer;
Sunbeam-Oster Household Products, New Maxico, USA). For
clean-up, Romer MycoSep® column  226 (Romer Laborato-
ries Inc., USA) was used and the residue was evaporated by
Romer Evap® System (Romer Laboratories Inc., USA). The
redissolved sample was spotted against the standard solution
(3-toxin standard: 0.4 μg/ml AfB1, and 20 μg/ml Zon and Don,
Romer Laboratories Inc., USA). For this,  Romer® Autospotter
was used, which was followed by the visual observation of
blue fluorescence of AfB1(Rf = 0.5), Zon (Rf = 0.7) and Don
(Rf  =  0.3) under longwave UV light (365 nm), with reference
to the standard spots.

For the analysis of trichothecenes types-A and B, the protocol
of types-A and  B trichothecenes dual column quantitative
test (method code : tri-tl-01.00.2, Romer Laboratories Inc.,
USA) was followed. The initial extraction step was exactly
similar to the 3-toxin test (for AfB1, Zon, Don). For clean-up,
MycoSep® column 227 in combination with MultiSep ® col-
umn 216 were used. For toxin estimation, standard spots
[B-trich: 10 μg/ml  of deoxynivalenol (Don), nivalenol (Niv)
and fusarenon-x (Fus-x)/A-trich, trichothecenes type-A
(neosolaniol : Neos, diacetoscirpenol : Das, Ht-2 toxin : Ht-2,
T-2 toxin : T-2 : 10 μg/ml of T-2, HT-2, Das and Neos] were
spotted along with the samples and observed under longwave
UV light.

For the analysis of ochratoxin-A, the analysis protocol of och-
ratoxin-A quantitative TLC test (method code: och-tl-01-00.3,
Romer Laboratories  Inc., USA) was followed. For  clean-up,

Fig. 1. The various steps involved in analytical proce-
dures for the detection and quantification of
mycotoxins in poultry rations.
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MultiSep® column 212 was used. The toxin in  the samples
was quantified with reference to standard solution (1μg/ml
ochratoxin-A, Romer Laboratories Inc., USA) under longwave
UV light.

Results and Discussion
A total of  862 samples were analyzed in poultry rations of
broilers, broiler breeders, layers, layer breeders, and grand-
parent flocks for aflatoxin-B1 (AfB1), zearalenone (Zone),
ochratoxin-A (OtA), trichothecene type-A toxins (T-2 and

HT-2), diacetoscirpenol (Das), deoxynivalenol (Don),
3-acetyldeoxynivalenol (3ac-Don), 15-acetyldeoxyni-
valenol (15ac-Don), nivalenol (Niv) and neosolaniol
(Neos). The analytical data with regard to contents of dif-
ferent mycotoxins so obtained have been given in Table 1,
which indicate the presence of different mycotoxin levels
estimated in different commercial poultry rations.

Aflatoxin-B1 (AfB1). For the detection of AfB1, 182 feed
samples were analyzed. Results of these analyses are pre-
sented in Table 2, which show that 84% of the samples tested

Table 1. Spectrum of mycotoxins in poultry rations collected from different areas in Pakistan

Type of Samples Positive Contamination Mycotoxin Range of Detection
mycotoxins (nos.) samples detected level* mycotoxin limits

(nos.) (%) (μg/kg) levels (μg/kg) (μg/kg)

Aflatoxin-B1 182 155 84.70 13.11 1-120 1
Zearalenone 150 74 49.33 213.58 125-3600 125
Ochratoxin-A 41 21 51.21 10.02 2-75 2
T-2 toxin 101 35 34.65 442.56 100-7500 100
HT-2 toxin 23 nd nd nd nd 100
Diacetoxyscirpenol 26 nd nd nd nd 250
Neosolaniol 10 nd nd nd nd 500
Deoxynivalenol 150 57 38.00 456 100-8100 100
3-acetyldeoxynivalenol 67 13 19.41 41 100-499 100
15-acetyldeoxynivalenol 67 8 11.94 38.92 100-988 100
Nivalenol 20 nd nd nd nd 500
Fusarenon-x 28 nd nd nd nd 500

* = mean value of the feed samples analyzed; nd = not detected

Table 2. General guidelines for mycotoxin contamination in poultry feeds in respect of their low, medium and high contamination

Type of mycotoxin* Low Medium High
contamination contamination contamination
(μg/kg) (μg/kg) (μg/kg)

Aflatoxins (B1, B2, G1, G2)
a <20 20-50 >50

Ochratoxin-Ab <10 10-60 >60
Zeralenone(Zon)b,c <50 50-250 >250
T-2 Toxinb,c <150 150-400 >400
HT-2 Toxinb,c <150 150-400 >400
Neosolaniol (Neos)b,c <150 150-400 >400
Diacetoxyscirpenol (Das)b,c <150 150-400 >400
Fusarenon-x (Fus-x)b,c <250 250-1000 >1000
Deoxynivalenol (Don)b,c <250 250-1000 >1000
3-acetyldeoxynivalenolb,c <250 250-1000 >1000
15-acetyldeoxynivalenolb,c <250 250-1000 >1000
Nivalenol (Niv)b,c <250 250-1000 >1000

* = compiled from: a = FDA (1994); b = Anjum and Naseem (2000); c = Cortyl and Heidler (2002)
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were found positive for AfB1,with the minimum of 1 ppb
and the maximum of 120 ppb. Mean levels of AfB1 were
noted to be below the safe limit of 20 ppb recommended by
FDA (Richard, 2000). It was observed that variations in the
levels of  mycotoxins in poultry feeds were due to marked
fluctuations in the environmental temperature and humidity
conditions during the course of the year. Presumably, the
constituted feeds stored under appropriate conditions were
subject to lesser direct  influence of temperature and humid-
ity. However, increased  production of AfB1 in feedstuffs
may be expected if the storage was for a longer period under
unsatisfactory ventilation and storage conditions (Richard,
2000).

Zearalenone (Zon). The detection of zearalenone appeared
to be quite common, which occurred at levels from low to
high with reference to the recommended levels mentioned in
Table 2. Results reported in Table 1 show that 49% (74 out of
150) of the feed samples analyzed, contained detectable lev-
els of zearalenone. A wide range of 125-3600 ppb of
zearalenone was detected, with an average of 213 ± 440 ppb.
The mean value falls within the medium contamination range,
i.e., 50-250 ppb (Table 2). Major cause for zearalenone con-
tamination in the poultry feed is corn (Richard, 2000). How-
ever,  broiler chicks and laying hens are not significantly af-
fected by zearalenone, even when this toxin is consumed in
large levels (Christensen et al., 1977).

Ochratoxin-A (OtA). The analytical data obtained indicated
that 51% samples were found to be positive for OtA, with the
mean value of 10 ppb, having the range of 2-75 ppb. The
mean value was at the safe recommended level of 10 ppb
(Anjum and Naseem, 2000).

Trichothecenes type-A. For the trichothecenes type-A myco-
toxins, T-2 toxin (101 samples); HT-2 toxin (23 samples);
diacetoscirpenol (26 samples) and neosolaniol (10 samples)
were analyzed. Among these toxins, only T-2 toxin was noted
to be positive (34.65% in 101 feeds) with the mean value of
442 μg/kg . The mean  value for T-2 toxin was at the high-
contamination level (Table 2). The T-2 toxin is one of the
most toxic compounds in the trichothecenes type-A group
(Bamburg and Strong, 1971), which is responsible for drastic
and sudden decreases in egg production, eggs with thin shells,
abnormal feathering and slow growth in chicken (Cortyl  and
Heidler, 2002).

Trichothecenes type-B. For the detection of trichothecenes
type-B mycotoxins, deoxynivalenol (150 samples), 3-
acetyldeoxynivalenol  (67 samples), 15-acetyldeoxynivalenol
(67 samples), nivalenol (20 samples) and fusarenon-x (28
samples) were analyzed. In trichothecenes type-B group,

deoxynivalenol (38%), 3-acetyldeoxynivalenol (13%),
15-acetyldeoxynivalenol (8%) were detected. Deoxynivalenol
appeared with medium level contamination (Table 2), which
was 456 ppb. While 3-acetyldeoxynivalenol and 15-
acetyldeoxynivalenol occurred at below the low contamina-
tion levels (Table 2), the other two toxins of the group, namely,
nivalenol and fusarenon-x, were not detected.

The present study reveals that more than one mycotoxins
were detected in poultry feeds. Among these toxins, aflatoxin-
B1 was the main mycotoxin found in 155 samples (84%) in
combination with ochratoxin-A (51.21%), T-2 toxin (34.65%),
deoxynivalenol (38%), 3ac-Don (19.41%) and 15ac-Don
(11.94%). These observations are in conformity with Beg
et al. (2006), Dawlatana et al. (2002) and Anjum and Naseem
(2000), who have  reported the presence of these toxins in
combinations, in poultry feed samples. This study has indi-
cated that though aflatoxin-A is commonly prevalent (84.70%),
yet there is a wider  range of other important mycotoxins which
may be threatening  the health of poultry in Pakistan. These
observations indicate that mycotoxins may adversely damage
the poultry flock/industry. The effects of mycotoxicosis de-
pend upon the  nature of the mycotoxin, time of exposure,
general health conditions of the poultry birds and immunity
status (Cortyl and Heidler, 2002). No level is a safe level.
Even low levels of mycotoxins can affect  the immune system
of the bird. The mycotoxins in combination (either synergis-
tic or additive) appear to exert greater  negative impact on the
health and productivity of poultry/animals in comparison with
their individual effects (Smith and Seden, 1998).
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Introduction
The positive effects of potassium on tobacco and other agro-
nomic crops have been reported by many researchers across
the world. It is not only essential for normal physiological
functions of the crop but also exerts a profound influence on
the burning quality of tobacco leaf. It activates synthesis of
proteins and various enzymes. Elliot and Vickery (1959) repor-
ted that potassium improves leaf quality and appears to aid
in the synthesis of sugars and starch in the leaf. Ahmed et al.
(1989), and Marwat and Gul (1992) found that potassium
increased the average height of plants, number of leaves per
plant, leaf area, and yield. They also reported substantial
increase in the amount of reducing sugars and reduction in
nicotine, nitrogen and chloride concentration with the appli-
cation of potassium.

Like potassium, chloride is also involved in many biochemi-
cal processes (Karaivazoglou et al., 2005). It is absorbed by

plants as chloride ion, through both roots and aerial parts.
The essential role of chloride seems to lie in its biochemical
balance, which enables it to participate in  osmotic and cation
neutralization. A useful function of chloride is counter-ioning
during rapid potassium fluxes, thus contributing to turgor of
leaves and other plant parts. A number of studies have shown
a positive correlation between the concentration of chlorides
and sugars in the leaves (Hawks and Collins, 1983; Sierra 1966;
Peele et al., 1960; Woltz et al., 1948). Chloride also appears
to have a definite role in the evolution of oxygen in photosys-
tem-II during photosynthesis (Kelley and Izawa, 1978). Jaifu
(1999) reported that addition of chloride as KCl improved the
growth of flue-cured tobacco by 2.6 to 18.5% with the appli-
cation of 30 to 98 kg chloride per hectare, when the soil chlo-
ride was below 20 mg kg-1 soil. Tobacco plant nitrogen, potas-
sium and chloride contents of leaf, and the external and inter-
nal quality characteristics of the tobacco leaf have been also
reported to increase with the higher application of KCl. Zhang
et al. (1999) reported that leaf chloride contents were 8-24%
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Abstract. An outdoor pot experiment was conducted to evaluate response of ten tobacco (Nicotiana tabacum) cultivars to
KCl induced chloride toxicity at the Tobacco Research Station, Mardan, Pakistan, during 2002. The study included four
levels of KCl, which were: 0, 4, 8 and 12 mmol kg-1 soil and was arranged according to 4x10 factorial design with three
replications. Seedlings of the respective cultivars, Spt-G.28, KHG-14, KHG-15, KHG-18, Coker-371 Gold, Candel, KHG-
19, K-399, Coker-48 and Coker-176 were planted in pots containing 5 kg normal soil. After establishment of the seed-
lings, the respective amount of KCl was applied in one litre of water and then irrigated with normal water for the rest of the
growing period. The data showed that all growth parameters increased with the initial dose of 4 mmol kg-1 of KCl, but then
decreased with higher levels due to chloride toxicity. When averaged across cultivars, the highest seedling height (17.4
cm), number of leaves per plant (8.7), leaf area (42.0 cm2), and dry weight (10.17 g per pot) were recorded in treatments
receiving 4 mmol KCl kg-1 soil. Chloride, reducing sugars, nicotine and K content of leaves showed linear regression with
KCl levels (r2 > 0.95), producing 250, 74.33, 18.62 and 14.14% increase at 12 mmol kg-1 soil, respectively, as compared
to control. Nitrogen content of leaves also increased with increasing KCl levels in most of the cultivars showing an overall
increase of 12.46%, as compared to control. Unlike other growth parameters, ash content increased with increase in KCl
level up to the higher dose of 12 mmol kg-1 soil. Cultivars showed differential response to the KCl induced chloride
toxicity. KHG-14 was found to be the most sensitive cultivar regarding growth parameters, while KHG-18 and KHG-15
recorded higher changes in chemical composition to KCl application. Considering the overall performance, Spt-G.28 was
found to be the most suitable variety producing higher plant height, number of leaves per plant, leaf area, fresh and dry
weight, reducing sugars and nicotine, and lower levels of nitrogen and chloride as compared to other cultivars. It is
concluded that KCl applications should be avoided or applied very carefully to prevent its adverse effects on yield and
quality of tobacco as our soils already contain sufficient amount of chlorides.

Keywords: tobacco leaves, potassium chloride, Nicotiana tabacum, chloride toxicity, tobacco cultivation, phytotoxicity,
tobacco cultivars, flue-cured cultivars
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higher in plants given 5.0 g chloride per plant , as compared
with controls (no chloride applied) and with those given up
to 3.0 mg chloride per plant. Plant dry weight also increased
with the chloride application rate up to 3.0 g chloride per plant,
which decreased later on.

Above a certain threshold level, chloride becomes toxic
(American Tobacco Company, 1958), and has been reported
to be associated with certain abnormal growth features and
undesirable properties in the cured leaves. If the phytotoxi-
city develops early in the growing season, the plants become
stunted. Cured tobacco leaves with high chloride content
tend to be soggy in nature and dull in colour, turning dark
on ageing, have a low fire holding capacity, and are poor in
flavour and quality (Akehurst, 1968; Peele et al., 1960; Flower,
1999).

Crops and plants do not respond to salts in a similar manner
(Maas, 1986; Maas and Hoffman, 1977). Salt sensitive varie-
ties accumulate excessive amounts of chloride, which are
toxic to plants. Tobacco is generally susceptible to chloride
toxicity, however, tolerance varies among the varieties. The
differences reflect the plant capability to prevent or retard
chloride accumulation, while in some cases the same amount
may cause injury and death to the plants.

Nowadays, high chloride concentration in the soil and irri-
gation water is generating concern in almost all tobacco gro-
wing areas of Peshawar valley, Pakistan. This study was
planned to investigate the beneficial effects of KCl while
monitoring chloride toxicity, and to evaluate response of ten
tobacco cultivars to the KCl induced chloride salinity. The
ultimate goal was to help in increasing the production and
improving the quality of tobacco.

Materials and Methods
A composite surface soil sample (0-15 cm) was collected from
the field at Tobacco Research Station, Mardan, Pakistan. The
bulk sample of soil was mixed thoroughly and analyzed for
various physicochemical characteristics. The soil was silt-
loam with a the pH of 7.6 and EC of 0.40 dSm-1, deficient in
nitrogen (0.07%), marginal in phosphorus (10.8 mg kg-1) and
potassium (115 mg kg-1), and having chloride content of 50
mg  kg-1 soil.

The study included ten cultivars and four levels of KCl appli-
cations, replicated three times. The salt levels included KCl
per litre solution, 0, 20, 40 and 60 mmol, added to pots contai-
ning 5 kg of soil. As such, KCl treatments were equivalent to
0, 4, 8 and 12 m mol KCl kg-1 soil. Seedlings of ten flue-cured
virginia (FCV) tobacco cultivars, namely, Spt-G.28, KHG-14,
KHG-15, KHG-18, Coker-371 Gold, Candel, KHG-19, K-399,

Coker-48 and Coker-176, were transplanted in pots on March
4, 2002. After establishment of the seedlings, the respective
amounts of KCl were applied on March 11, 2002 and then
irrigated with distilled water for rest of the growing period.
The agronomic data on plant height, number of leaves per
plant, and leaf area were recorded before the plants were har-
vested on May 16, 2002. Fresh weight of leaves was recor-
ded immediately after harvesting while dry weight was recor-
ded after 15 days of air drying at room temperature.

The leaves were ground and analyzed for chemical character-
istics on moisture-free basis after acid digestion (Walsh and
Beaton, 1973). Nitrogen was determined following the method
of Bremner and Mulvaney (1982), and potassium was deter-
mined by flame photometric method (Thomas, 1982). Redu-
cing sugars were estimated in accordance with the method of
Lane and Eynon as described by Pearson (1962), and chloride
was determined by the method of Chapman and Pratt (1961).
Nicotine was determined by the method of Cundiff and
Markunas (1964). Statistical analyses were performed as sug-
gested by Steel and Torrie (1980) and the treatment means
were compared with least significant difference test.

Results and Discussion
Summary of analysis of variance (ANOVA) is given in Table 1,
showing significant effect of KCl and differences in the res-
ponse of cultivars in respect of all the parameters studied.
Interactions between cultivars and KCl were significant at all
parameters, except seedling height, number of leaves per plant,
leaf area and leaf potassium concentration. The effect of KCl

Table 1. Summary of analysis of variance (ANOVA), showing
the effects of KCl application on various parameters of diffe-
rent tobacco cultivars (F values)

Parameters Source of variations
analyzed varieties KCl varieties x KCl

Seedling height (cm) 12.61*** 36.03*** 1.81
Number of leaves (plant-1) 4.14** 21.98*** 1.21
Leaf area (cm²) 10.93*** 87.04*** 1.90
Fresh weight (g) 157.33*** 315.50*** 22.64***

Dry weight (g) 558.77*** 1007.31*** 58.62***

Ash (%) 3.58* 10.81** 4.98***

Reducing sugars (%) 25.39*** 518.45*** 3.83*

Nicotine (%) 66.98*** 178.40*** 5.07***

Chloride (%) 14.81*** 1009.21*** 3.51*

Nitrogen (%) 88.12*** 47.91*** 3.51*

Potassium (%) 5.87*** 80.32*** 1.95

*significant at p < 0.05; **significant at p < 0.01; ***significant at
p < 0.001
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concentration on these parameters and differential responses
of different cultivars are discussed in detail in the succeeding
sections.

Agronomic characteristics as influenced by KCl. Seedling
height, number of leaves per plant, leaf area, fresh and dry
weight, and ash content were significantly affected by KCl
application (P < 0.05) and different cultivars responded diffe-
rently (Table 2). The plant height significantly increased at
4 mmol KCl kg-1 soil in all the cultivars studied as compared
to control. But applications beyond 4 mmol KCl kg-1 soil
depressed the plant growth. When averaged across cultivars,
the highest plant height of 17.4 cm was recorded at 4 mmol
KCl kg-1 soil. Application of KCl at 12 mmol KCl kg-1 soil
produced the shortest plants with mean value of 12.5 cm,
thereby decreasing plant height by 15.16%. Cultivars varied
in response to KCl concentration, KHG-14 being the most
sensitive showing about 30% reduction in plant height at 12
mmol KCl kg-1 soil, whereas cultivars Candel and KHG-15
were the most resistant cultivars as compared to control.
Variations in the height of cultivars as compared with control
suggested physiological characteristics (Table 2).

Like plant height, initially the number of leaves increased with
KCl application at 4 mmol KCl kg-1 soil, with the maximum
number of leaves of 8.7, but higher concentrations reduced
the number of leaves per plant to 6.4 at 12 mmol KCl kg-1 soil.
Cultivar KHG-14 was found to be the most sensitive with
27.97% reduction in the number of leaves per plant, while
Candel and KHG-15 were the most tolerant (Table 3).

Mean cultivar leaf area was also higher at 4 mmol KCl kg-1

soil, which reduced as the concentration increased, producing
the minimum at 12 mmol KCl kg-1 soil with 6.25% reduction
as compared to control. Cultivars showed differential response
to KCl concentration. For instance, cultivars Spt-G.28, KHG-
19 and K-399 showed 45.9, 64.7 and 74.3% increase, respec-
tively, at 4 mmol kg-1 soil, while KHG-14 showed increase of
only 16.0% in leaf area, suggesting substantial differences in
these cultivars to KCl concentrations (Table 4). Similar varie-
tal difference can be noticed in reduction of leaf area at the
highest concentration, whereby KHG-14 showed maximum
reduction of 24.53%, and Spt.28, KHG-19 and K-399 being
closer to control (Table 4).

Fresh yield of tobacco seedlings tended to increase with KCl
applications up to a certain level, i.e., 4.0 or 8.0 mmol kg-1

soil, and then reduced with further increment depending
upon the cultivar. The mean highest yield of all cultivars of
66.6 g per pot was recorded in treatments receiving 8 mmol
KCl kg-1 soil. Cultivars Spt-G.28, K-399 and KHG-18 showed
83.0, 80.5 and 50.1% increase, respectively, at 4 mmol KCl
kg-1 soil, while remaining cultivars with the exception of KHG-
14, showed increase up to 8 mmol KCl kg-1 soil (Table 5).

Dry matter yield (air dried) also showed substantial increase
with lower doses of KCl applications, but decreased with
increasing level of KCl application in a differential manner
with respect to varietal response. The highest yield of 10.17 g
per pot was recorded in the treatments receiving 4 mmol

Table 3. Number of leaves per plant of different cultivars as
influenced by different levels of KCl applications in a pot
experiment

Varieties    KCl (mmol kg-1 soil) Mean Reduction
0 4 8 12 in respect

to control
(%)

Spt-G.28 8.0 9.3 10.3 7.3 8.7a 8.38
KHG-14 8.3 8.7 7.0 6.0 7.5bc 27.97
KHG-15 6.0 8.0 7.3 6.3 6.9cd -
KHG-18 6.0 8.0 6.0 5.0 6.3d 16.67
Coker-371Gold 8.0 9.3 7.7 6.0 7.8bc 25.00
Candel 6.0 9.7 9.0 7.0 7.9ab -
KHG-19 6.7 8.0 7.0 6.0 6.9cd 10.04
K-399 7.3 8.7 8.3 6.0 7.6bc 18.14
Coker-48 7.3 8.7 6.3 7.0 7.3bc 4.50
Coker-176 8.0 9.0 7.0 7.0 7.8bc 12.50

Mean 7.2b 8.7a 7.6b 6.4c 11.16

least significant difference (LSD) for KCl effect at p < 0.05 = 0.593;
LSD for varietal effect at p < 0.05 = 0.937

Table 2. Seedling height (cm) of different tobacco cultivars
as influenced by different levels of KCl applications in a pot
experiment

Varieties      KCl (mmol kg-1 soil) Mean Reduction
0 4 8 12 in respect

to control
(%)

Spt-G.28 18.3 22.0 23.3 15.3 19.7a 16.37
KHG-14 17.3 17.7 13.7 12.0 15.2b 30.76
KHG-15 13.7 15.0 14.7 13.0 14.1bcd 4.90
KHG-18 12.0 15.3 12.7 11.0 12.8d 8.33
Coker-371Gold 15.7 19.3 14.0 12.0 15.3b 23.42
Candel 12.7 18.3 17.7 13.0 15.4b -
KHG-19 13.3 15.3 13.3 12.0 13.5cd 9.98
K-399 14.0 17.0 16.0 11.7 14.7bc 16.64
Coker-48 14.7 16.0 13.7 12.0 14.1bcd 18.20
Coker-176 15.7 18.0 14.0 13.0 15.2b 17.04

Mean 14.7b 17.4a 15.3b 12.5c 15.16

least significant difference (LSD) for KCl effect at p < 0.05 = 0.944;
LSD for varietal effect at p < 0.05 = 1.492
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KCl kg-1 soil. Spt-G.28 recorded the highest response, show-
ing an increase from 9.79 to 16.73 g per pot at 4 mmol KCl
kg-1 soil, whereas the lowest response was recorded in KHG-
14 (Table 6). The observed increases in plant height, number
of leaves per plant, leaf area, fresh and dry weight, and ash
content with 4 mmol KCl kg-1 soil can be attributed to the bene-
ficial effect of potassium (Marwat and Gul, 1992), and decre-
ases in these agronomic parameters at the higher levels of KCl
could be due to the adverse effect of chloride (Karaivazoglou
et al., 2005; Flower, 1999; Akehurst, 1968; Peele et al., 1960).
The variation in responses of cultivars to the KCl induced
chloride toxicity is in line with the findings reported earlier
(Maas, 1986; Maas and Hoffman; 1977).

Ash content increased with increasing KCl concentrations.
The mean highest ash weight of 12.74 g per pot was recorded
in treatments receiving the highest dose of KCl (12 mmol KCl
kg-1 soil), while the lowest was recorded in control treatment
(Table 7).

Chemical composition of tobacco leaves as influenced by
KCl. The effect on the chemical composition, as related with
applications of different levels of KCl, was determined in
respect of the constitutents of reducing sugars, nicotine,
nitrogen and potassium.

Reducing sugars. Unlike plant growth, reducing sugars
increased significantly (%) with the application of KCl for all
cultivars (Table 8). However, different cultivars responded

differently. When averaged across cultivars, the mean of
reducing sugars (%) increased linearly (r2 = 0.9761; Fig. 1a)
from 4.92 to 8.58 with 74.33% increase as compared to con-
trol. KHG-15 and KHG-18 showed almost 100% increase in
the amount of reducing sugars in treatments receiving KCl at
12 mmol KCl kg-1 soil as compared to control. The lowest
response was recorded in Coker-371 Gold, showing 51%
increase in reducing sugars as compared to control. When

Table 6. Dry weight (g) of seedlings of different tobacco culti-
vars as influenced by different levels of KCl applications in a
pot experiment

Varieties           KCl (mmol kg-1 soil) Mean
0 4 8 12

Spt-G.28 9.79 16.73 15.02 13.31 13.71a

KHG-14 7.63 9.03 8.75 8.25 8.42c

KHG-15 5.03 7.06 7.92 5.65 6.42g

KHG-18 5.48 7.13 8.74 6.97 7.08f

Coker-371Gold 6.20 9.03 10.07 7.20 8.13d

Candel 6.01 10.96 12.01 7.22 9.05b

KHG-19 7.01 10.12 9.25 7.50 8.47c

K-399 5.13 10.07 8.15 8.14 7.87
e

Coker-48 7.02 9.52 11.63 7.20 8.84b

Coker-176 7.35 12.06 6.51 6.60 8.13d

Mean 6.67d 10.17a 9.81b 7.80c

least significant difference (LSD) for KCl effect at p < 0.05 = 0.147;
LSD for varietal effect at p < 0.05 = 0.233

Table 5. Fresh weight (g) of seedlings of different tobacco
cultivars as influenced by different levels of KCl applications
in a pot experiment

Varieties           KCl (mmol kg-1 soil) Mean
0 4 8 12

Spt-G.28 54.95 100.54 89.11 80.01 81.2a

KHG-14 50.05 53.93 56.24 54.4 53.7d

KHG-15 30.5 39.13 53.59 34.4 39.4g

KHG-18 37.33 56.03 47.96 37.64 44.7f

Coker-371 Gold 44.4 47.3 59.63 50.4 50.4e

Candel 42.05 66.5 75.87 53.07 59.4b

KHG-19 51.15 51.75 67.92 52.64 55.9cd

K-399 36.75 66.36 52.26 47.94 50.8e

Coker-48 44 63.24 79.15 50.01 59.1b

Coker-176 45.13 47.92 84.7 49.4 56.8bc

Mean 43.6d 59.3b 66.6
a

51.0c

least significant difference (LSD) for KCl effect at p < 0.05 = 1.579;
LSD for varietal effect at p < 0.05 = 2.496
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Table 4. Leaf area (cm) of seedlings of different tobacco culti-
vars as influenced by different levels of KCl applications in a
pot experiment

Varieties    KCl (mmol kg-1 soil) Mean Reduction
0 4 8 12 in respect

to control
(%)

Spt-G.28 34.4 50.2 47.0 38.6 42.6a -
KHG-14 31.8 36.9 32.7 24.0 31.4de

24.53
KHG-15 23.4 36.0 37.2 22.8 29.9

e
2.56

KHG-18 26.5 37.0 39.9 25.0 32.1cde
5.74

Coker-371Gold 29.0 37.0 31.7 24.0 30.4
e

17.24
Candel 22.5 39.2 34.2 19.2 28.8

e
14.74

KHG-19 27.8 45.8 33.3 30.0 34.2bcd -
K-399 25.7 44.8 50.0 26.1 36.6b -
Coker-48 31.1 47.8 42.0 28.8 37.4b 7.25
Coker-176 32.1 45.6 37.8 27.0 35.6bc 15.84

Mean 28.4c 42.0a 38.6b 26.5c 6.59

least significant difference (LSD) for KCl effect at p < 0.05 = 2.286;
LSD for varietal effect at p < 0.05 = 3.615
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McCants and Woltz, 1967), while Marwat and Gul (1992) and
Askew et al. (1947) reported positive effects of potassium
application on reducing sugars.

Nicotine. Data on nicotine concentrations showed significant
effect of KCl applications and cultivars. Nicotine concentra-
tions increased with the application of KCl (Table 9). The
highest nicotine concentration of 1.59% was recorded in the
treatment receiving 12 mmol KCl kg-1 soil as compared to
1.34% in control. Regressing nicotine on KCl showed linear
relationship with r2 = 0.9571 (Fig. 1b). Cultivars showed sig-
nificant difference in nicotine concentration. The highest
increase in nicotine concentration was recorded in KHG-18
as 32.31% when compared with control. Coker-371 Gold was
found containing the highest nicotine concentration at all KCl
levels followed by Spt-G.28, while KHG-15 contained the least
nicotine concentration at all KCl levels. Karaivazoglou et al.
(2005) reported increase in nicotine content due to chloride
concentration of irrigation water. However, other researchers
like (Collins and Hawks, 1993; Mulchi, 1982; McCants and
Woltz, 1967) reported inconsistent effect of chloride on nico-
tine content in tobacco.

Nitrogen. Like reducing sugars and nicotine concentration,
nitrogen concentration of leaf increased with increase in the
KCl application concentration. When averaged across culti-
vars, final nitrogen concentration increased from 1.31 to
1.47%, showing 12.46% increase with application of 12 mmol
KCl kg-1 soil (Table 10). However, like other parameters, dif-

Table 7. Ash weight (g) of seedlings of different tobacco cul-
tivars as influenced by different levels of KCl applications in
a pot experiment

Varieties          KCl (mmol kg-1 soil) Mean
0 4 8 12

Spt-G.28 12.53 12.85 12.43 12.38 12.55ab

KHG-14 12.06 12.43 12.38 13.1 12.49ab

KHG-15 12.33 12.51 12.79 12.83 12.62a

KHG-18 12.04 12.52 12.57 13.44 12.64a

Coker-371Gold 12.32 12.05 12.51 13.83 12.68a

Candel 11.97 12.21 12.64 12.58 12.35bc

KHG-19 12.41 12.4 12.37 12.78 12.49ab

K-399 12.64 12.36 11.97 12.36 12.33bc

Coker-48 12.42 12.46 12.55 11.26 12.17c

Coker-176 12.04 11.95 12.04 12.8 12.21c

Mean 12.28b 12.37b 12.43b 12.74a

least significant difference (LSD) for KCl effect at p < 0.05 = 0.267;
LSD for varietal effect at p < 0.05 = 0.169

Table 8. Reducing sugars (%) of seedlings of different tobacco
cultivars as influenced by different levels of KCl applications
in a pot experiment

Varieties    KCl (mmol kg-1 soil) Mean Increase
0 4 8 12 over control

(%)

Spt-G.28 5.21 8.05 9.37 9.61 8.06a 84.45
KHG-14 4.87 6.30 7.43 8.30 6.73de

70.43
KHG-15 4.65 6.40 8.74 9.15 7.24bc 96.77
KHG-18 4.80 6.92 8.34 9.60 7.42b 100.00
Coker-371Gold 4.90 6.02 7.07 7.40 6.35fg 51.02
Candel 4.68 5.54 6.95 7.86 6.26g 67.45
KHG-19 5.01 6.92 8.25 9.20 7.35b 83.63
K-399 5.05 6.25 7.01 8.08 6.60

ef
60.00

Coker-48 4.97 6.43 7.29 7.97 6.67
de

60.36
Coker-176 5.06 6.94 7.23 8.60 6.96cd 69.96

Mean 4.92d 6.58c 7.77b 8.58a 74.33

least significant difference (LSD) for KCl effect at p < 0.05 = 0.196;
LSD for varietal effect at p < 0.05 = 0.311

Table 9. Nicotine concentration (%) of seedlings of different
tobacco cultivars as influenced by different levels of KCl
applications in a pot experiment

Varieties   KCl (mmol kg-1 soil) Mean Increase
0 4 8 12 over control

(%)

Spt-G.28 1.47 1.56 1.6 1.76 1.60b 19.73
KHG-14 1.22 1.25 1.4 1.54 1.35g 26.23
KHG-15 1.27 1.44 1.45 1.47 1.41f 15.75
KHG-18 1.3 1.52 1.68 1.72 1.56c 32.31
Coker-371Gold 1.64 1.68 1.73 1.74 1.70a 6.10
Candel 1.39 1.55 1.5 1.5 1.49d 7.91
KHG-19 1.27 1.42 1.44 1.55 1.42f 22.05
K-399 1.25 1.44 1.46 1.55 1.43f 24.00
Coker-48 1.28 1.41 1.54 1.6 1.46

de
25.00

Coker-176 1.34 1.4 1.49 1.5 1.43
ef

11.94

Mean 1.34d 1.47c 1.53b 1.59a 18.62

least significant difference (LSD) for KCl effect at p < 0.05 = 0.023;
LSD for varietal effect at p < 0.05 = 0.036
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averaged across KCl concentration, cultivars showed varia-
tion in reducing sugars due to their physiological characteris-
tics. The highest mean reducing sugars of 8.06% was found
in Spt-G.28, as compared to 6.26% of Candel. A positive cor-
relation between chloride concentrations in leaves of Virgi-
nia tobacco had also been reported by earlier researchers
(Karaivazoglou et al., 2005; Collins and Hawks, 1993;
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ferent cultivars showed different responses in the increase of
nitrogen concentration. KHG-14 and KHG-15 showed the
highest response with increase of 30.19 and 31.13%, respec-
tively, over control, while Coker-48, KHG-19 and KHG-18
showed no or very little increase in the leaf nitrogen concen-
tration with KCl applications. The nitrogen concentrations
also varied for different cultivars due to physiological charac-
teristics. Spt-G.28 had lower nitrogen concentrations at all KCl
levels as compared to other cultivars with the mean nitrogen
content of 1.06%. According to Marwat and Gul (1992), potas-
sium decreased nitrogen content, while chloride increased the
nitrogen concentrations in leaf. The increase in nitrogen con-
centration may be partly associated with the concentration
effect (Jarrell and Beverly, 1981), as higher KCl levels sig-
nificantly reduced plant yield. These results of increasing
nitrogen content due to chloride concentration are in confor-
mity with the results of Karaivazoglou et al. (2005), but in
contrast to McCants and Woltz (1967) who reported a decrease
in the total nitrogen content of plants grown at high chloride
nutrition. However, nonsignificant effect was found by
Mulchi (1982).

Fig. 1. Effect of KCl application levels on the concentrations of various chemical constituents of leaf: (a) reducing sugars;
(b) nicotine; (c) chloride; (d) potassium of Virginia tobacco.
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Table 10. Nitrogen concentration (%) of seedlings of diffe-
rent tobacco cultivars as influenced by different levels of KCl
applications in a pot experiment

Varieties     KCl (mmol kg-1 soil) Mean Increase
0 4 8 12 over control

(%)

Spt-G.28 0.95 1.07 1.09 1.11 1.06f 16.84
KHG-14 1.06 1.4 1.36 1.38 1.30

e
30.19

KHG-15 1.06 1.3 1.39 1.39 1.29
e

31.13
KHG-18 1.42 1.45 1.47 1.5 1.46c 5.63
Coker-371Gold 1.28 1.42 1.47 1.4 1.39d 9.37
Candel 1.47 1.52 1.63 1.58 1.55ab 7.48
KHG-19 1.5 1.62 1.58 1.54 1.56a 2.67
K-399 1.33 1.45 1.59 1.61 1.50bc 21.05
Coker-48 1.57 1.48 1.51 1.56 1.53ab -
Coker-176 1.44 1.56 1.61 1.64 1.56a 13.89

Mean 1.31c 1.43b 1.47a 1.47a 12.46

least significant difference (LSD) for KCl effect at p < 0.05 = 0.033;
LSD for varietal effect at p < 0.05 = 0.051
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Chloride. Irrespective of cultivars, chloride concentrations
were significantly enhanced with increasing levels of KCl
(Table 11; Fig. 1c). When averaged across cultivars, chloride
concentrations increased from 0.38 to 1.32% with the appli-
cation of 12 mmol KCl kg-1 soil, showing overall increase of
250% over control with a range from 204 to 308% (Table 11).
Regression of KCl added on leaf chloride concentration pro-
duced positive significant linear relationship (r2 = 0.9441).
The magnitude of increases in chloride uptake depended on
cultivars. The highest increase of 308% was recorded in
Coker-371 Gold, and the lowest of 204.5% in KHG-19. Data
on chloride concentrations also showed different concentra-
tion for different cultivars. Spt-G.28 contained the least con-
centration at all KCl application levels, with an average of
0.64%. Potassium and chloride ions react antagonistically,
depressing the uptake of each other. Such higher increase up
to 308% in the chloride concentration support the suggestion
that KCl can produce chloride toxicity in tobacco, when grown
on soils already  having sufficient amount of chlorides. Many
studies have shown significant positive correlation between
the chloride concentration in water or soil and the leaf chlo-
ride concentration in Virginia tobacco (Karaivazoglou et al.,
2005; Peedin, 1999; Collins and Hawks, 1993; Mulchi, 1982;
Quresh et al., 1977). It is considered appropriate that an accep-
table Virginia tobacco should contain less than 1% chloride.
Leaves with higher chloride concentrations are of poor qua-
lity with reduced burning rate (Sifola and Postiglione, 2002;
Peedin, 1999). If this criterion is implied, it means that all the
cultivars produce poor quality tobacco when they received
application of 12 mmol KCl kg-1 soil.

Potassium. Increasing KCl application from 0 to 12 mmol
KCl kg-1 soil significantly increased potassium concentration
of leaf. When averaged across cultivars, potassium concentra-
tion increased from 1.80 to 2.06% showing an overall increase
of 14.14% (Table 12). Regression analysis showed linear cor-
relation (r2 = 0.9834) between KCl levels and the potassium
concentration in leaf (Fig. 1d). Different cultivars revealed
different responses to KCl applications. The highest increase
in potassium concentration was found in KHG-14 as 19.16%,
followed by Coker-371 Gold and Spt-G.28 with 18.63 and
18.13% increase, respectively, as compared with control.
Comparing the magnitudes of increases in potassium ranging
from 2.62 to 25.0% and chloride concentrations, which ranged
from 204.55 to 308.82% in tobacco leaves, it is suggested
that chloride uptake minimized the uptake of potassium in
accordance with Karaivazoglou et al. (2005).

Conclusions
It may be concluded from this study that low levels of KCl
enhanced yield parameters of all tobacco cultivars, while higher

KCl concentrations of 12 mmol kg-1 soil depressed yield.
However, various cultivars responded differently. KHG-14
showed maximum reduction in growth and yield, while KHG-
18 and KHG-15 recorded higher increases in reducing sugars,
nicotine, chloride and potassium concentrations. Based on
overall performance, Spt-G.28 may be regarded as the most
suitable variety, which produced greater plant height, number
of leaves per plant, leaf area, fresh and dry weight, reducing

Table 11. Chloride concentration (%) of seedlings of differ-
ent tobacco varieties as influenced by different levels of KCl
applications in a pot experiment

Varieties    KCl (mmol kg-1 soil) Mean Increase
0 4 8 12 over control

(%)

Spt-G.28 0.28 0.53 0.72 1.04 0.64f 271.43
KHG-14 0.34 0.63 1.1 1.18 0.81de

247.06
KHG-15 0.37 0.65 1.04 1.36 0.86bcd 267.57
KHG-18 0.37 0.71 0.96 1.35 0.85cde

264.88
Coker-371Gold 0.34 0.79 0.82 1.39 0.84cde

308.82
Candel 0.44 0.73 1.05 1.42 0.91ab 222.73
KHG-19 0.44 0.79 1.09 1.34 0.92

e
204.55

K-399 0.35 0.6 0.9 1.35 0.80
e

285.71
Coker-48 0.4 0.64 0.84 1.32 0.80 e 230.00
Coker-176 0.43 0.71 0.9 1.44 0.87abc 234.15

Mean 0.38d 0.68c 0.94b 1.32a 250.10

least significant difference (LSD) for KCl effect at p < 0.05 = 0.036;
LSD for varietal effect at p < 0.05 = 0.057

Table 12. Potassium concentration (%) of seedlings of diffe-
rent tobacco varieties as influenced by different levels of KCl
applications in a pot experiment

Varieties   KCl (mmol kg-1 soil) Mean Increase
0 4 8 12 over control

(%)

Spt-G.28 1.82 1.96 2.02 2.15 1.99ab 18.13
KHG-14 1.67 1.85 1.94 1.99 1.86f 19.16
KHG-15 1.91 1.91 1.93 1.96 1.93cde

2.62
KHG-18 1.86 1.93 1.98 2.05 1.96bcd 10.22
Coker-371Gold 1.77 1.88 2.01 2.1 1.94bcde

18.69
Candel 1.70 1.89 1.96 2.05 1.90

ef 20.59
KHG-19 1.89 1.98 2.11 2.13 2.03a 12.70
K-399 1.92 1.95 2 2.07 1.99abc 7.81
Coker-48 1.68 1.87 2.05 2.1 1.93def 25.00
Coker-176 1.81 1.92 2.02 1.98 1.93cde

9.39
Mean 1.80

d
1.91

c
2.00

b
2.06

a
14.14

least significant difference (LSD) for KCl effect at p < 0.05 = 0.057;
LSD for varietal effect at p < 0.05 = 0.036
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sugars and nicotine, and lower levels of nitrogen and chloride
as compared to other cultivars. It is suggested that KCl appli-
cations should be avoided or applied very carefully to prevent
their adverse effects on yield and quality of tobacco as our
soils already contain sufficient amount of chlorides. Use of
irrigation water with high chloride concentrations may be
avoided for tobacco cultivation.
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Abstract. The genetic architecture of yield in eggplant was studied in a nine parent half diallel cross. The values of mean
square for GCA (general combining ability) and SCA (specific combining ability) were highly significant which suggested
the presence of both additive and non-additive genetic variance in the population. The higher magnitude of GCA, as
compared with SCA, indicated predominance of additive genetic variance. In most of the cases, the cross between poor and
poor parents showed positive SCA effect for yield per plant, which indicated the higher yield. The estimates of better
parent heterosis ranged from 3 to 90 percent and the mid-parent heterosis ranged from 30 to 105 percent. Analysis for
genetic components of variation suggested that additive components were more important in the inheritance of yield per
plant. This character was observed being controlled by two to three pairs of genes or groups of genes. Narrow sense
heritability was 21 percent indicating probability of selection in generations. The graphical analysis also indicated wide
genetic diversity among the parents.
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Introduction
Eggplant (Solanum melongena ) is an important, widely and
round the year cultivated vegetable in Bangladesh, both with
respect to its production and the area of cultivation. However,
its production statistics have become almost stagnant, as the
yield per hectare is not increasing to meet the food require-
ments of the increasing human population. The vegetable is
cultivated on an area of about 64,234 hectares, with a total
production of 381,420 tons; the average yield being only 5.93
tons per hectare (BBS,  2004). This is a very low vegetable
yield, as compared with that obtained in other tropical coun-
tries. A large number of farmers are using their local varieties
having different genotypes, most of which have lost their po-
tentiality due to low percentage of cross-pollination (up to
only 40%). Besides, only a limited number of progressive farmers
are sowing the commercial hybrid varieties, namely, Tarapuri,
Challenger, etc. These hybrid varieties, however, are not avail-
able to a large majority of  the farmers due to high price of
seeds. A well-planned and dynamic eggplant breeding research
programme is therefore needed to meet the demand of egg-
plant vegetable production. Furthermore, hybrid varieties may
play a vital role in satisfying the interests of both producers
and consumers.

The understanding of the nature and magnitude of gene inter-
action is an important factor in the development of an effec-
tive breeding programme. The diallel analysis provides an ef-
ficient means of rapidly obtaining an overall picture of the
genetic control of a character in a set of parents in the early

generations. In the Bangladesh context, the information on
this aspect of eggplant is insufficient. Therefore, the present
study was undertaken to investigate the genetic architecture
of yield in eggplant.

Materials and Methods
The eggplant breeding studies were carried out at the experi-
mental fields of Olericulture Division of  Horticulture Research
Centre, Bangladesh Agricultural Research Institute at Gazipur
(HRC, BARI), during the winter season of 2002-2003. Seeds of
the nine parents used in the study were: P1= BL081 (the fruit
size slightly longer than broad and the colour green mottle);
P2 = BL083 (the fruit size  several times as long as broad and
the colour deep purple); P3 = B009 (the fruit size several times
as long as broad and the colour purple); P4 = Kazla (the fruit
size three times as long as broad and the colour deep purple);
P5 = BL113 (the fruit size  three times as long as broad and the
colour purple-mottle); P6  = BL099 (the fruit size several times
as long as broad and the colour purple green); P7 = Uttara (the
fruit size three times as long as broad and the colour light
purple); P8 = BL114 (the fruit size slightly longer than broad
and the colour deep purple); and P9 = Islampuri (the fruit size
as long as broad and the colour deep purple).

The parents and their thirty-six hybrids (excluding recipro-
cals), were sown on the seedbeds on 16th September 2002.
Seedlings (45-day old), were transplanted in the main field on
30th October 2002. The experiment was laid out in a RCB de-
sign with three replications. The unit plot size was 7.5 m × 0.70
m and 10 plants per entry were transplanted in a plot, with the
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plant spacing of 75 cm in a single row, maintaining a row to row
distance of 70 cm.  Data on yield per plant were recorded from
five randomly selected plants from each parental and hybrid
lines per replication. The data were statistically analysed fol-
lowing the procedures of Jinks (1971), Griffing (1956) and
Hayman (1954).

Results and Discussion
Combining ability. The values of mean sum of square for
both GCA (general combining ability) and SCA (specific
combining ability) were highly significant for yield per
plant, which suggests the presence of both additive and
non-additive genetic variance in the eggplant population
(Table 1). However, the higher magnitude of GCA compared
to SCA indicated predominance of additive genetic vari-
ance. The GCA component is primarily a function of the
additive genetic variance. The general combining ability of
parents plays a significant role in the selection of parents
for breeding trials.  A parent with the higher positive signifi-
cant GCA effects is considered as a good general com-
biner for yield improvement. The magnitude and direction
of the significant effects for the nine parents was expected
to provide meaningful comparisons and were likely to yield
indicators for future breeding programmes.

Additive genetic variance for yield in eggplant has been also
reported by several authors (Kumar et al., 1996; Padma-
nabham and Jagdish, 1996; Chadha and Hegde, 1989; Rashid
et al., 1988; Kumar and Ram, 1987). Whereas the SCA effects
signify the role of non-additive gene action in the expression
of the characters, it also indicates the highly specific com-
bining ability leading to highest performance of some spe-
cific cross combinations. This explains the basis for its rela-
tionship to a particular cross. Verma (1986) has reported non-
additive genetic variance, while Dahiya et al. (1985) observed
both additive and non-additive effects for this character in
eggplant.

The higher GCA variance, as compared to SCA variance, sug-
gested the predominance of additive genetic variance. Peter
and Singh (1976) have also reported that fruit yield per plant
was controlled by both additive and non-additive gene ac-
tion.  Similar results were also observed by Dahiya et al. (1985).
Additive genetic variance for yield  has been reported by
Chadha and Sharma (1989), Saha (1989), and Verma (1986). On
the contrary, Singh et al. (1978) observed that the yield per
plant was controlled by non-additive gene action in the F1 and
F2 generations. Chadha and Hegde (1989), and Kumar and
Ram (1987) have also reported on the importance of non-addi-
tive genetic variances.

The parent P4 showed the highest positive significant GCA
effects followed by the parent P1 (Table 2). On the contrary to
these two parents, P9, P2, P6 and P7 showed significant nega-
tive GCA effects for yield per plant. Therefore, the parent P4
and P1 were the best general combiners to be used in crosses
for the improvement of yield per plant. Chaudhary and
Malhotra (2000) reported significant GCA for yield in egg-
plant. Several other workers have also reported some good
general combiners for yield elsewhere (Kumar et al., 1996;
Patel et al., 1994; Singh et al., 1991).

Out of the 36 cross combinations, 24 crosses showed positive
SCA effect for yield, while among these, 22 crosses exhibited
positive significant SCA effects (Table 2). The highest signifi-
cant positive SCA effects were shown by the hybrid P4 × P5
(858**), followed by P2 × P8 (688**), P4 × P8 (614**) and P2 ×
P5 (605**). Thus, P4 × P5 was the best combination (good ×
poor combiner), followed by the other three hybrids for yield
per plant in eggplant. Good specific combining abilities for
fruit yield in eggplant have been reported (Chaudhary and
Malhotra, 2000; Kumar et al., 1996; Padmanabham and
Jagadish, 1996;  Patel et al., 1994).

Heterosis. All the corss combinations showed positive mid-
parent heterosis (Table 3). Among them, 28 hybirds showed
significant positive mid-parent heterosis for yield. The esti-
mates of mid-parent heterosis ranged from 30 to 105%. The
highest heterotic response for yield was observed in hybird
P4 x P5, followed by P2 x P5 (100%) and P2 x P8 (94%). Out of
the 36 corsses, 35 hybirds showed positive-better parent
heterosis. Among these, 23 hybirds had significant positive
better-parent heterosis. The estimates of better-parent het-
erosis ranged from 3 to 90%. The highest significant positive
heterotic effect was observed in the hybird P4 x P5 (90%),
followed by P2 x P5 (76%). Dharmegowda (1977) concluded
that the increase in yields of eggplant hybirds was mainly
due to fruit number and weight, while Balamohan et al. (1983)
and Singh and Swarup (1971) reported that heterosis in yield

Table 1.  Analysis of variance of general and specific combin-
ing abilities (GCA and SCA, respectively) and heterosis for
yield per plant

Combining Mean sum of Source of Mean sum of
ability square for variation square for
type combining ability heterosis

GCA 231628** Genotype 605797**
SCA 195335** Replication 41840**
Error 9870 Error 29610

** significant at 1% level
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was attributed to increase in the number of branches, fruit
number and length.

Genetic components of variation. The estimate of genetic com-
ponents of variation and their ratios are presented in Table 4.
The estimate of additive genetic variance (D) was significant
for the vegetable yield per plant. The results indicated that the
additive component was important in the inheritance of the
trait. The h2 (the dominance component) value was also highly
significant. The ratio (H1/D)1/2, which measures the degree of
dominance over all loci, indicated that the additive component
predominates for the character. The component F determines
the relative frequencies of dominance to recessive alleles in
the parents. The negative value of F indicated that the propor-
tion of recessive alleles was more than that of dominant alleles
for yield per plant. The ratio H2/4H1 measures the proportion
of positive and negative alleles at all loci. The value was 0.24
indicating the symmetric distribution of positive and negative
alleles at all loci. The ratio of the number of dominant and
recessive alleles, determined from (4DH1)

1/2 + F/(4DH1)
1/2 - F

was less than 1.0, which confirmed the results obtained from
H2 / 4H1.

The ratio h2/H2 estimates the number of genes or groups of
genes. It was found that two to three pairs of genes or groups
of genes were involved in controlling the character. Heritabil-
ity in the narrow sense was 21% for yield, indicating probabil-
ity of selection in the generations.

Graphical analysis. Graphical analysis of parent-offspring
covariances (Wr) on array variances (Vr) is shown in Fig. 1. It
was observed from the Wr/Vr graph that the slope of the
regression line for fruit yield was significantly below 1.0
(0.13±0.05), suggesting significant non-allelic interaction for
this character. The regression line intersected the Wr axis
above the origin, suggesting incomplete to partial dominance
in addition to the interaction. The relative  values of Vr and
Wr showed that the parent P3 had the most dominant alleles,
while the parent P5 had the most recessive alleles (Fig. 1).
The other parents fell in between suggesting the equal fre-
quency of dominant and recessive alleles.

Fig. 1. Array variances (Vr) and parent-offspring covari-
ances (Wr) regression and limiting parabola for
yield per plant.

Table 2. Specific and general combining ability effects (SCA and GCA, respectively ) for yield per plant

Female Specific combining ability General
parents/ Male parents combining
statistical ability
analysis

P1 P2 P3 P4 P5 P6 P7 P8 P9

P1 -252** 25 266** 432** 174* 515** -271** 127 107**
P2 165* -307** 605** 236** 51 688** 30 -97**
P3 -324** 241** 111 -159 320** 456** -05
P4 858** 374** 233** 614** -97 287**
P5 99 -369** -391** -195* 86**
P6 -210* -318** 478** -84**
P7 228** 316** -85**
P8 -74 00
P9 -209**

SE (Sij) 80
SE (Gi) 28

5% 16 56
1% 212 74

*significant at 5% level; ** significant at 1% level
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Table 3. Mean performance and percent heterosis over mid-parent and better-parent for yield per plant in eggplant

Crosses/ Mean               Yeild per plant Crosses/ Mean                  Yield per plant
parents/ performance             (% improvement) statistical performence                      (% improvement)
statistical (g/plant) mid-parent better-parent analysis (g/plant) mid-parent better-parent
analysis

P1 × P2 1614 23 3 P4 × P5 3087 105** 90**
P1 × P3 1983 32** 27* P4 × P6 2433 71** 50**
P1 × P4 2516 58** 55** P4 × P7 2292 52** 41**
P1 × P5 2481 68** 59** P4 × P8 2757 79** 70**
P1 × P6 2053 48** 31* P4 × P9 1837 45** 13
P1 × P7 2395 62** 53** P5 × P6 1957 50** 41**
P1 × P8 1692 12 8 P5 × P7 1489 7 7
P1 × P9 1882 52** 20 P5 × P8 1551 9 6
P2 × P3 1919 54** 34** P5 × P9 1538 33** 11
P2 × P4 1740 30** 7 P6 × P7 1478 13 6
P2 × P5 2450 101** 76** P6 × P8 1454 9 - 0
P2 × P6 1911 68** 57** P6 × P9 2041 91** 68**
P2 × P7 1727 41** 24* P7 × P8 2001 41** 37**
P2 × P8 2448 95** 68** P7 × P9 1880 63** 35**
P2 × P9 1580 60** 50** P8 × P9 1573 32* 8
P3 × P4 1814 19 12
P3 × P5 2178 56** 52**
P3 × P6 1878 42** 31**
P3 × P7 1609 14 13
P3 × P8 2171 50** 49**
P3 × P9 2078 77** 47**

P1 1563
P2 1054
P3 1429
P4 1622
P5 1388
P6 1216
P7 1387
P8 1459
P9 917

SE 51 14 12 SE 51 14 12

LSD (0.05) 28 24 LSD (0.05) 27 24

LSD (0.01) 37 32 LSD (0.01) 37 32

*significant at 5% level; **significant at 1% level; LSD = least significant difference; SE = standard error
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All the Wr, Vr points fell within the boundary of the limiting
parabola and the parents also clustered into four distinct
groups on the regression line showing diversity in the par-
ents. Singh et al. (1982) reported that the top five high yield-
ing crosses in eggplant showed overdominance for fruit yield
per plant. Gopinath and Madalageri (1986) and Dahiya et al.
(1984) also recorded overdominance for fruit yield in eggplant,
while Singh (1984) reported partial dominance.

Conclusions
In the present study, the parents, P4, P1 and P5 were found
to be good general combiners for yield per plant and may be
used in breeding programmes for the development of  high
yielding varieties. The crosses, P4 × P5, P2 × P8, P4 × P8, and
P2 × P8 were found to be promising for high yielding. The
additive components of variation were important for the yield
per plant. The genetic components of variation analysis sug-
gested that the proportion of recessive alleles was more than
that of dominant alleles in the parents. The yield was ob-
served being controlled by two to three pairs of genes or
groups of genes. The graphical analysis indicated wide ge-
netic diversity among the parents.

References
Balamohan, T. N., Subbiah, R., Shanmugavelu, K.G. 1983. Studies

on heterosis in brinjal (Solanum melongena L.). In: Proc.
Scientific Meeting on Genetics and Improvement of Het-
erotic Systems, pp. 23-24, School of Genetics, Tamil Nadu
Agricultural University, Coimbatore, India.

BBS. 2004. Year Book of Agricultural Statistics of Bangladesh,

2001, pp. 90-91, Bangladesh Bureau of Statistics, Minis-
try of  Planning, Government of the Peoples Republic of
Bangladesh, Dhaka, Bangladesh.

Chadha, M.L., Hegde, R.K. 1989. Combining ability studies in
brinjal. Indian J. Hort. 46: 44-52.

Chadha, M.L., Sharma, C.M. 1989. Inheritance of yield in brinjal.
Indian J. Hort. 46: 485-489.

Chaudhary, D.R., Malhotra, S.K. 2000. Combining ability of
physiological growth parameters in brinjal (Solanum
melongena L.). Indian J. Agric. Res. 34: 55-58.

Dahiya, M.S., Dhankhar, B.S., Kalloo, H.C., Pandita, M. L. 1985.
Line × tester analysis for the study of combining ability in
brinjal (Solanum melongena L.). Haryana J. Hort. Sci.
14: 102-107.

Dahiya, M.S., Dhankar, B.S. Kalloo, H.C. 1984. Hybrid perfor-
mance in eggplant (Solanum melongena L.) Haryana J.
Hort. Sci. 13: 147-149.

Dharmegowda, M.V. 1977. Genetic analysis of yield and yield
components in brinjal (Solanum melongena L.). Mysore
J. Agric. Sci. 11: 426.

Gopinath, G., Madalageri, B.B. 1986. Genetics of yield and its
components in brinjal (Solanum melongena L.). Haryana
J. Hort. Sci. 15: 103-109.

Griffing, B. 1956. Concepts of general and specific combining
ability in relation to diallel crossing systems. Australian
J. Biol. Sci. 9: 463-493.

Hayman, B.I. 1954. The analysis of variance of diallel table.
Biometrics 10: 235-244.

Jinks, J.L. 1971. The analysis of continuous variation in a diallel
cross of Nicotiana rustica varieties. Genetics 39: 767-788.

Kumar, N., Ram, H.H. 1987. Combining ability and gene effect
analysis of quantitative characters in eggplant. Indian J.
Agric. Sci. 57: 89-102.

Kumar, R., Singh, D.N., Prasad, K.K., Kumar, R. 1996. Combin-
ing ability analysis in brinjal (Solanum melongena L.). J.
Res. Birsa Agric. Univ.  8: 45-49.

Padmanabham, V., Jagadish, C. A. 1996. Combining ability
studies on yield potential of round fruited brinjal
(Solanum melongena L.). Indian J. Genet. Plant. Breed.
56: 141-146.

Patel, J. A., Godhani, P.R., Fougat, R.S. 1994. Combining ability
analysis in brinjal (Solanum melongena L.). Gujarat Agric.
Univ. Res. Journal 19: 72-77.

Peter, K.V., Singh, R.D. 1976. Combining ability, heterosis and
analysis of phenotypic variation in brinjal (Solanum
melongena L.). Indian J. Agric. Sci. 46: 393-399.

Rashid, M.A., Mondal, S.N., Ahmed, M.S., Ahmad S., Sen,
D.K. 1988. Genetic variability, combining ability estimates
and hybrid vigour in eggplant (Solanum melongena L.).
Thai. J. Agric. Sci. 21: 51-61.

Table 4. Estimates of genetic components of variation and
their ratio

Component Yeild per plant Component Yeld per plant
of variation                              of variation

D 31994 (H1/D)1/2 4.53
±32215

H1 655961 ** H2/4H1 0.24
±71105

H2 633009 ** (4DH1)
1/2 + F 0.34

±61125 (4DH1)
1/2 - F

F -44850 h2/H2 2.11
±75152

h2 1333849 ** h2 (narrow-sense) 0.21
±40948

E 29610 **
±10187

**significant at 1% level; D = additive genetic variance; H2 = domi-
nance component

138 A. K. M. Quamruzzaman et al.



Saha, M.G. 1989. Combining Ability Estimates and Hybrid
Vigour in Eggplant (Solanum melongena L.). M.Sc.
(Agric.) Thesis, Bangaldesh Agricultural University,
Mymensingh, Bangladesh.

Singh, D.P., Prasad, V.S.R.K., Singh, R.P. 1991. Combining abil-
ity in egg plant. Indian J. Hort. 48: 52-57.

Singh, H., Swarup, V. 1971. Exploitation of Hybrid Vigour in
Vegetable, Technical Bulletin No. 33, Indian Council of
Agricultural Research, New Delhi, India.

Singh, S.N. 1984. The magnitude of G.C.A. in relation to het-
erosis and inbreeding depression in eggplant. Haryana
J. Hort. Sci. 13: 175-181.

Singh, S.N., Singh, N.D., Hazarika, G.N. 1982. A note on
degree of dominance and parental mean performance
in brinjal (Solanum melongena L.). Haryana J. Hort.
Sci. 11: 146-148.

Verma, S. 1986. Combining ability studies in brinjal (Solanum
melongena L.). Prog. Hort. 18: 111-113.

Genetic Architecture of Yield in Eggplant 139



Pak. J. Sci. Ind. Res. 2006 49(2)  140-142

Lasiodiplodia theobromae (syn. Botryodiplodia theobromae)
has been reported to attack various cucurbitaceous fruits, such
as cantaloupes, bottle gourd, squash, pumpkin and fluted
pumpkin (Sultana, 2003; Neufo and Emebiri, 1990; Maholay,
1988; Beraha et al., 1976; Laxminarayan and Reddy, 1976).
The fungus was detected from the mature fruits of pumpkin
that were left either in the field or kept stored for seed collection.
The infected fruits were observed to be ash grey with dotted
spots externally, but were dark black inside. The fungus is also
reported to be seed-borne in various other cucurbitaceous crops,
such as water melon, bottle gourd, squash and pumpkin (Sultana,
2003; Maholay, 1989; Maholay and Sohi, 1982; 1976; Sohi
and Maholay, 1974). L. theobromae is further reported to be
seed-transmitted, and a cause of pre- and post-emergence death
of maize seedlings  (Kumar and Agarwal, 1997). Studies were
carried out to determine the location of L.  theobromae in seeds
of pumpkin (Cucurbita pepo), and its effects on seed
germination. The development of disease in pumpkin is also
reported in the present communication.

Pumpkin seeds were collected from the growers’ fields in
Hyderabad, Sindh, Pakistan. Based on visual observations, the
seeds were separated into three categories, namely, dark black,
slightly black, and apparently healthy seeds. For determining
the location of the fungus in the seeds, the seeds were washed
and soaked in distilled water for 2 h, and then aseptically
dissected to separate different components, viz., seed coat,
tegmen, cotyledons and embryo. Dissected seed parts were
surface disinfected with 0.5% sodium hypochlorite (NaOCl)
solution for 5 min, washed with distilled water for several times,
and placed on blotters in petri dishes (Du-Hyunglee et al., 1984).

For the disease transmission studies, 10 seeds were placed on
three layers of well-soaked blotters in 9 cm dia petri dishes.
After five days, the lids were removed and dishes put in
polyethylene bags to study the development of seedling disease
symptoms for 15 days. Single seeds were separately placed in
200 x 20 mm test tubes containing 15 ml of 1% plain water
agar. Sets of 15 petri dishes and 150 test tubes, for each
category of seeds were incubated at 25 °C under 12 h
alternating cycle of artificial daylight and darkness (Khare et
al., 1977). In another experiment, five seeds were sown in
earthen pots containing autoclaved soil. Sets of 20 pots were
used for each category of seeds.

By the separated seed components plating of severely and
moderately infected seeds of pumpkin, L. theobromae was
found in the seed coat, tegmen, cotyledons and embryo. L.
theobromae infection in the seed coat and tegmen was
significantly higher than in  cotyledons and embryo. Whereas
infection in the healthy looking seeds was low in the seed coat
and tegmen, it was not detected in cotyledons and embryo
(Table 1). Similar results of incidence of L. theobromae in
apparently healthy seeds have been reported (Maholay and
Sohi, 1982; 1976; Srivastava, 1964).

Seed germination was noted to be directly correlated with
cotyledons and tegmen infection. Most of the ungerminated
seeds were covered with cottony greyish mycelium with
superficially or partially embedded pycnidia. The seedlings,
in which the seed coat was either attached to the peg or
cotyledons, showed browning of root axis, root tip and
hypocotyls, ultimately resulting in the death of seedlings.
In the seedlings where the seed coat remained attached to

Location of Seed-borne Inoculum of Lasiodiplodia theobromae and its
Transmission in Seedlings of Pumpkin (Cucurbita pepo)
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Abstract. Using naturally infected seeds of pumpkin, the fungus pathogen Lasiodiplodia theobromae (syn.
Botryodiplodia theobromae) was located on and in the seed coat, including tegmen, and in the tissues of the cotyledons
and embryo. Apparently healthy seeds showed incidence of the  fungus in seed coat and tegmen. The fungus was
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Table 2.  Seed to seedling transmission of Lasiodiplodia theobromae in pumpkin seeds
Categories of                   Petri-dishes (with moist blotters)                 Test tubes (with agar)                    Pots (with sterilized soil)
seed                   pre-emergence post-emergence                 pre-emergence    post-emergence                 pre-emergence post-emergence

                  infection infection                   infection             infection                    infection infection
(%) (%) (%) (%)                 (%) (%)

hypocotyl aerial hypocotyl aerial hypocotyl aerial
and radical parts and radical parts and radical parts
axis axis axis

Seed dark black 32 19 9 37 29 5 26 18 3

Seeds slightly black 19 15 6 16 13 8 12 12 4

Apparently healthy seeds 10 5 3 7 4 4 9 0 0

Fig. 1. Percentage of seed infection caused by Lesiodiplodia
theobromae by categories, on pumpkin seeds of dark
black category when germinated under different con-
ditions; a = pre-emergence mortality, b = hypocotyl
and radical axis infection, c = aerial parts infection.

Table 1. Detection of Lasiodiplodia theobromae from dif-
ferent parts of the seeds of pumpkin

Parts of seed                Infection rate (%)
              categories of seeds
A B C

Seed coat 100 58 14

Tegmen 58 28 8

Cotyledons 14 8 0

Embryo 8 4 0

A =  seeds dark brown; B = seeds slightly black; C = apparently
healthy seeds

the cotyledons during germination, there was blackening
of cotyledonary leaves and the first formed leaves, followed
by the collapse of aerial parts. The pathogen was commonly
found in the lesions on root axis, hypocotyls and
cotyledonary leaves, where pycnidia were easily observed
under stereobinocular. Symptoms caused by the fungus on
the cotyledons also extended to the hypocotyls and killed
the seedlings. Many of the first formed leaves were infected
by contact with infected cotyledons resulting in the
development of secondary infections. Seedling mortality
was significantly greater in the heavily and moderately
infected seeds as compared to the apparently healthy-
looking seeds (Table 2). Maximum infection of L.
theobromae was recorded after 6-10 days and 6-14 days of
incubation on blotter and test tubes, respectively. Disease
development on seedlings in the pots was observed 7-16
days after planting. The three methods used for trans-
mission studies, namely, blotter, agar in test tubes, and
sterilized soil pots, were all found to yield comparable
results. The observations from the present study reveal that
seed infection caused pre-emergence and post-emergence

damping-off and its transmission from seed to seedlings
and soil was an important factor of spreading inoculum in
non-infested agricultural field.
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Abstract. Tannery industry in Pakistan occupies an important place in the national economy. The magnitude of chrome
effluent waste generated by the industry has rapidly multiplied during the past decade. This has caused an irreversible
damage to the ‘flora and fauna’, which demands immediate remedial action. An effort has been made to develop indigenous
means to combat chromium pollution with humic acids. Humic acids (HA) are polymeric, brown complex of compounds
occurring in the aquatic, terrestrial and sedimentary environments. Soft brown coals and leonardite are major sources of
humic acids, which contain up to 80% extractable humic acids. These economical, coal-derived humic acids are useful for
soil and water remediation. The process reported in the present study for this purpose is simple, economical and avoids the
problems associated with the disposal of bulky chromium waste produced using coagulation and other techniques.
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Introduction
The rapid industrial growth in Pakistan has greatly enhanced
concerns for the development of remedial measures to combat
the resultant generation of industrial wastes and the water
pollution problem. The leather industry occupies an important
position in Pakistan’s economy, ranked third in the export earn-
ings, registering an annual growth of 24.3% during the past
years (Iqbal, 1995). Because of the lack of tannery wastewater
treatment facilities, the industry has caused an alarmingly irre-
versible degradation of the environment. There are 415 tan-
nery units in Pakistan, out of which 50% are located in Karachi.
These tannery units have an estimated installed capacity of
about 47.58 million square metre of chrome leather production
(Meynell and Tharwani, 1992). The tannery effluents are di-
vided into beam-house effluents and the tanning operation
effluents. During the tanning process, chrome liquor is the
major pollution-causing effluent, usually containing 100-540
mg chromium per litre. This is being mixed with the beam-
house effluents and discharged untreated by the tannery in-
dustries in the nearby streams and rivers or even on open
land. It has been shown by various studies that along the way,
chromium settles down in the sediments which finds its way
via the Malir river to the Arabian sea (Beg et al., 1990; Driver,
1987). Chromium-bearing tannery waste has also affected the
quality of groundwater, as shown by the study where the
samples of every well of the tannery area contained upto 0.39
mg per litre of chromium (Othmer, 1982). With the rapid growth
of tannery industry, the level of chromium in the effluents is
rising sharply and posting a constant threat to the environ-

ment, affecting aquatic life and polluting groundwater. Chro-
mium compounds are toxic and can cause harmful and irre-
versible damage to health by single, repeated, or prolonged
absorption (Sato et al., 1979).

The tanning process itself utilizes only one-tenth of the huge
amount of water consumed in leather processing. This water
is acidic, highly coloured and contains alarming levels of chro-
mium. Treatment of this water before dumping can prevent
major health hazards created by the leather industry in Paki-
stan. The adaptation of advanced treatment technologies is
not cost-effective. Therefore, there is an urgent need for the
evelopment of indigenous treatment technologies, accessible
to both large and small scale industries at affordable costs.

Humic acids, a lignitic coal-derived polymeric, brown complex
of compounds occur in aquatic, terrestrial and sedimentary
environments (Hanninen and Niemela, 1991). Due to their
known ion exchange properties, the complex is widely used in
metallurgical wastewater treatments (Baruah et al., 1981; Ibarra
et al., 1979). Humic acids are essential and remarkable prod-
ucts of soil chemistry (Davies et al., 2001). Humic acids form
complexes with metals and the metal relationship capcity of
humic acids is dependent on the pH and the concentration of
humic acids used. The resulting metal plus the humic acids
complex is non-toxic and can be utilized in agriculture and
industry (Khan et al., 1996). Humic acids have higher metal-
binding capacities than most commercial ion exchangers and
they selectively bind, store and release metals, so that they
can be substituted for other more expensive, organic and inor-
ganic adsorbents (Janos, 2005).
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A technoeconimically feasible process for the production of
humic acids from lignitic Lakhra coal has been developed at
the FRC-PCSIR Laboratories, Karachi, Pakistan. Keeping in
view the irreversible damage caused by the chrome effluents,
the necessity of controlling the point-source of pollution and
the known attribution of humic acids, a study was considered
appropriate to use humic acids for the treatment of metal-
contaminated wastewaters. The present study was, therefore,
undertaken with the objective to develop a procedure for the
treatment of chromium pollution in tannery wastewaters, and
the possibility of utilizing lignitic derived humic acids in the
abatement of chromium pollution.

Materials and Methods
The humic acids complex was prepared from lignitic Lakhra
coal. The coal was ground to 60 mesh and dissolved in mild
alkali. The resulting water soluble humate was utilized in the
present study. The elemental and proximate composition of
the Lakhra coal and humic acids are given in Table 1.

A survey was done of seventeen tanneries from the Sindh
Industrail Trading Estate (SITE) and the Korangi Industrial
Area, Karachi, Pakistan. The survey showed 1200 to 10,000
litres of chrome effluent discharge per day from the tanneries
located at these sites. There were very few tanneries where
pretreatment facilities were available. Samples of the chrome
effluents were collected immediately after the tanning process
from five tanneries, having the minimum (375 ppm) to maxi-
mum (2200 ppm) chrome effluent dischange per day. The
samples were collected in plastic bottles of 1 litre capacity.

Results and Discussion
Chrome retention by humic acids, as a function of pH, was
determined (Table 2). To a series of 20 ml humic acids solution
containing 0.01, 0.02, 0.03 g of humic acids, respectively, chro-
mium chloride solution (20 ml) containing 520 ppm of chro-
mium was added. pH values of the solutions were adjusted to
7.5, 8.0 and  8.5 by adding mild alkali to make up a final volume
of 50 ml. The recation was noticed to take place, as the pH
increased towards alkalinity, by the formation of grey coloured
metal-humic acids complex, which settled  down as fine pre-
cipitate while the dark-green colouration of the chrome water

disapperaed. Clear water was obtained at the solution pH of
8.5. The amount of chromium in water was determined by atomic
absorpation spectrometer (Perkin Elmer, model 3030B).

In the second part of the study, 40 ml aliquotes of the chrome
effluent samples collected from different five tannaries were
taken in breakers, pH was adjusted from 8.5 to 9. To this chrome
effluent was slowly added 1% humic acids solution. The
amount of chromium removed was measured by atomic ab-
sorption spectroscopy, after the successive addition of humic
acids solution, untill chromium removal was complete. At the
end of reaction, a pH drop of 0.5 was noted.

Physical parameters of the chrome effluents, such as pH and
colour, are shown in Table 3. The chrome effluents collected
were highly acidic, having pH of 3.5-3.7. The lower pH was
due to the conversion of sulphides to harmful H2S gas. The
effluents were dark-greenish to blue in colour. The colour of
the effluents was also an important negative indicator of envi-
ronmental pollution. This affected the water ecosystem through
hindering light accessibility to living organisms present in the
water bodies. The inadequate light affected growth of aquatic
biots adversely. Thus, the indiscriminate chrome effluent dis-
charge by tanneries of the Korangi Industrial Area is highly
affecting  the water quality of Malir river and then the Arabian
Sea.  An increasing trend in the chromium concentration dis-
charged by the Korangi Industrial  Area industries in the sedi-
ments leading to Malir river has been noted during various
studies conducted earlier. Studies carried out by PCSIR labo-
ratories have shown the amount of chromium level to be 0.25
to 0.5 ppm during 1982, and 2-14 ppm during 1985. The IUCN
study performed in 1987 showed the chormium concentration

Table 1. Proximate and ultimate analyses of Lakhra coal and
humic acids prepared from this coal (%)

Sample Ash Volatile Fixed C H N
category matter carbon

Lakhra coal 17.23 44.50 34.19 63.31 5.09 1.87
Humic acids 4.84 44.54 38.4 57.30 4.43 6.86

Tabel 2. General metal retention ability of humic acids as a
function of pH

Amount of Amount of pH Amount of
chromium in humic acids of the chromium
solution added solution after treatment
(ppm) (g/100 ml) (ppm)

520 0.01 7.5 170
8.0 70
8.5 12.5

0.02 7.5 160
8.0 5.0
8.5 2.5

0.03 7.5 90
8.0 3.5
8.5 0.45
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levels of some areas to be 57 ppm (Driver, 1987). This latter
study concluded that 225 tons of chromium was discharged
per annum into the surrounding environment by the tanneries
sector. Another study, conducted in 1993 in the same area,
showed a dramatic increase in chromium level to 540 ppm,
indicating over nine-fold increase in chromium concentration
in the tannery wastewaters. The increase is ascribed to the
rapid growth in volume of tanneries in Pakistan. Another study
at the industrial city of Faisalabad, Pakistan, showed high
levels of chrome effluent, containing 540 ppm of chromium
being discharged, untreated, in the surrounding ecosystem
causing serious groundwater pollution. Chromium is known
to be toxic, causing perforations and bronchiogenic carcinoma
on continuous exposure. The chromium retention activity of
humic acids has been adequately shown during the present
study (Table 3). This ability is pH dependent.  As the metal-

humic acids complex is formed, a pH drop is also noticed which
is due to the increment of protons of functional groups dis-
placed by metal ions. These initial studies have thus shown
that  humic acids, derived from Pakistani lignitic coals, offer an
option for the abatement of pollution caused by chrome liquor.
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