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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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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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Abstract. X-ray diffraction spectra of smithsonite, fluorite, zircon, gibbsite, quartz, aragonite, albite, calcite, dolomite,
anatase, barite, wollastonite and siderite have been recorded. The relative percentage crystallinity of these were calculated
with the help of two programmes, namely, PowderX and WinPlotr. These two programmes have simplified the calculation
of relative percentage crystallinity of various materials. Most of the X-ray spectra were very good and without noise. The
noise of the spectra, when present, was removed with the programme PowderX and the spectrum was also levelled before
the calculation of percentage crystallinity. The spectra of highly crystalline materials showed sharp high intensity peaks
with small base. The degree of crystallinity has been determined by WinPlotr using integration method and by PowderX
programme using area of the triangle method. Both of these programmes showed similar results, with the exception of a few
spectra where the specimens were paracrystalline and amorphous.
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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.

Keywords: nanoparticles, alumina, aluminum salts, sol-gel, homogeneous precipitation, aluminum hydroxide, nanocrystalline
powder

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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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

Evaluation of Paint Industry Effluents for Irrigation Purposes
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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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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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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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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-

Development and Applications of Animal Amylases for Enzymatic
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Abstract. Investigations have been carried out on the development of stabilized crude animal amylases for enzymatic
desizing of woven fabric. Animal amylases from pancreas were extracted and stabilized for  industrial use. The ex-
tracted pancreatic amylases took 1 h in exhaust process and 6 h in pad batch process for the desizing of woven fabric.
The desizing performance of these amylases was also compared with commercially available enzymes. The present
studies have yielded highly active and stabilized amylases from animal pancreas. The method used for the enzyme
recovery was also noted to give good yield of the enzyme from animal origin.

Keywords: animal amylases, desizing enzyme, enzyme stabilization, woven fabric desizing
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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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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-

Biomass Production of Pleurotus sajor-caju by Submerged Culture
Fermentation

Tasnim Kausar*, Zahida Nasreen, M. Nadeem and Shahjahan Baig
Biotechnology and Food Research Centre, PCSIR Laboratories Complex, Lahore-54600, Pakistan
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Abstract. The effect of different carbon sources, namely, sawdust and powder of agrowastes (as such, or water soluble
extracts), and inorganic/natural nitrogen sources on the biomass production of Pleurotus sajor-caju by submerged
culture fermentation was studied. Supplementation of the fermentation medium with 2% molasses, 2% wheat spike
powder, extract of 2% wheat spike powder, and corn gluten meal resulted in 12.85, 10.85, 12.35 and 13.92 g/l biomass
production of P. sajor-caju, respectively. The fungal hyphae biomass contained 8.28% moisture, 21.18% crude pro-
tein, 1.55% fat, 3.59% ash, 2.32% crude fibre, and 63.48% nitrogen free extract.

Keywords: Pleurotus sajor-caju, mushrooms, submerged culture fermentation, fungal culture, fungal biomass

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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Prevalence of Mycotoxins in Poultry Rations
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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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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%

Yield and Chemical Composition of Tobacco Leaves of Different
Cultivars as Affected by Four Levels of Potassium Chloride
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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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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.

Keywords: eggplant, combining ability, heterosis, genetic architecture, Solanum melongena, additive genetic variance
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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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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
transmitted to seedlings and caused pre- and post-emergence damping-off desease, resulting in increase in the inoculum
potential of L. theobromae in the agricultural fields.

Keywords: pumpkin, seed-borne fungus, Lasiodiplodia theobromae, seedling mortality, Cucurbita pepo, Botryodiplodia
theobromae, seedling damping-off
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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.

Keywords: chrome effluents, tannery wastes, humic acids, lignitic coal, wastewaters treatment
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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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