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Introduction
Relative permittivity of binary liquid mixtures of some asso-
ciated liquids with a non-polar solvent (non-polarizable sys-
tem) is generally used to evaluate the Kirkwood-Frohlich lin-
ear  correlation factor (g), the  excess molar polarization (Δp),
and excess free-energy of mixing (Δf) (Ray et al., 2000). The
results so obtained have been used to interpret the molecular
structure in such types of liquid mixtures. The technique has
been reported to be used to study small chain alcohols (Sebesan
et al., 1979). However, little work has been reported on long
chain alcohols. There has been a significant interest during
the last two decades to characterize the intermolecular forces
underlying therein. There is a need, therefore, to investigate
the physical and chemical properties of long chain molecules
in liquid mixtures and particle suspension in a host medium
with regard to their dielectric response.

Characterization of dielectric properties of pure polar fluids
and their mixtures is a major dimension of study in the area
of liquid physics. New models to describe the general
behaviour of polar mixtures (alcohol/water) have been de-
veloped (Sato et al., 2002). Within this context, the dielec-
tric relaxation mechanism of 2-propanol + water mixture has

been investigated using time domain reflectometry for the
entire range of concentrations. The connection between the
dielectric properties and molecular structure for permittiv-
ity of liquids involves short range and long range dipolar
interactions, which have been calculated by Garabadu and
Swain (1993).

The activation enthalpies (ΔH) and entropies (ΔS) have been
calculated against concentrations of a polar liquid (1-propyl
alcohol) in benzene, which increases with increase in the con-
centration of polar molecules (Swain, 1984). Kirkwood (1939)
had earlier suggested that the static permittivity of a polar
fluid could be calculated by using statistical mechanics. It was
considered that in a way, a sample consists of (n) number of
molecules contained in a spherical region of the fluid, while
the remaining molecules were assumed to constitute a con-
tinuum extending to infinity with permittivity (ε) and dipole
moment (μ). Βy the application of this assumption, the inter-
molecular interaction between the (n) number of molecules
can be considered. Taking (n) as very large, the approxima-
tion of such an assumption can be reduced to a desired
degree. Suppose, the spherical region has a permittivity (εα)
due to molecular polarization, then the point dipoles with
dipole moment (μ) replace each polar molecule. The orienta-
tion of each molecule, due to the short range forces, forms a
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Abstract. Dielectric constant, refractive index and the Kirkwood linear correlation factor of 1-propanol, 1-butanol
and 1-pentanol in mixtures with carbon tetrachloride at various concentrations have been measured at fixed frequency
(100 KHz) at 303.15 K. For the study of dielectric properties of polar molecules in a non-polar solvent at different
concentrations, polarization per unit volume and excess free-energy of  mixing  were evaluated at this temperature. In
order to study the association of polar molecules in such a non-polar solvent, the Kirkwood correlation factor (g)
between molecular pairs, which exists due to the hydrogen bond association suggesting the presence of some dimen-
sions in the liquid phase with a number of dimmers, was determined. The refractive index and dielectric constant
measurements are expected to shed some light on the configuration of molecules in various mixtures, and give some
idea about the specific interactions between components, which decrease with the increase in the concentrations of
alcohol. All the three mixtures showed different behaviour for the value of correlation factor (g) as a function of
concentration. The response of 1-pentanol was broadly identical to that of small chain alcohols. The different behaviour
of the correlation factor (g) was interpreted in terms of the Kirkwood-Frohlich theory, as it takes into account, explic-
itly, such types of short and long range interactions of a mixture of polar molecules with non-polar solvents.
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Abstract. The outwardly growth mechanism during electrocrystallization results in appreciable thickness and reflectivity,
whereas lateral growth leads to thin and inferior reflectivity. Outward growth deposits essentially depend upon the
operating conditions. They also depend upon the release of cations in the catholyte from the metal-non-aqueous complex.
The nucleoside additive has a large number of coordinating centres for complexation. In formamide medium, the availability
of large number of such centres leads to better electrodepostion than those additives having a lesser number. Deoxyguanosine,
having a maximum number of coordinating centres, and “N” and “O”, leads to electrodeposits having no peeling effect and
better reflectivity. However, this peeling effect diminishes if a comparatively large concentration of nucleosides is used.
The presence of nucleosides in a non-aqueous electroplating bath not only improves the quality of electrodeposits but
improves the thickness too.

Keywords: nickel electrodeposits, nucleosides as additives, metal electrodeposition, electrocrystallization, formamide
electrodeposition bath
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Introduction
When electrodepostion of metals is carried out in an aqueous
bath, the deposit is found to have a high tensile stress due to
adsorption and subsequent diffusion of hydrogen gas evolv-
ing at the cathode. This results in cracked topography. The
evolution of hydrogen gas at  the cathode can be reduced by
using a non-aqueous bath. The rate of supply of metal ions in
the catholyte depends upon the complexing tendency of the
metal. This, in turn, depends upon the nature of the non-aque-
ous solvent, which may act as ligand having a perfect coordi-
nating centre. Formamide (HCONH2) has a high dielectric con-
stant and a perfect coordinating centre. It is cheap and easily
available in pure form with the advantage that it has no toxic
effects and no disposal problems. Formamide, thus, seems to
be a better electrodepositing medium, since on disposal into
the nature, it easily hydrolyses to produce ammonia, which
has a positive effect on plant growth. The byproduct (formic
acid) may undergo dilution and finally decompose into carbon
monoxide and water, thus exhibiting no adverse effect on the
growth of plants.

Many workers have chosen different non-aqueous solvents
as electrodepositing media and have reported electrodeposits
with improved qualities (Srivastava and Tikoo, 1987a; Biallozor
et al.,1984; Sultan and Tikoo, 1984; Samel and Gabe, 1983).
Depositions with desirable mechanical properties, free from
hydrogen codeposition, and with lower ductility have been
attempted  from non-aqueous baths (Srivastava and Tikoo,
1987b; Dini and Johnson, 1976) and in he presence of organic

additives (Sibley and Brook, 1974). The additive-free bath pro-
duces deposits with columnar grain structure, whereas a bath
containing organic additives produces deposits having
equiaxial grain (Reed, 2001).

Organic additives have been reported to produce electrode-
posits with reduced tensile stress and hardness. Some inor-
ganic additives have been reported to improve the surface
morphology but they had no effect on cathode efficiency
(Mohanty et al., 2002). The effect of ammonium cations
(Srivastava and Tikoo, 1987c) and various anions (Srivastava
and Singh, 1995) on the electrodepostion of nickel from non-
aqueous baths have also been studied. Mixed aqueous-non-
aqueous-formamide/water (F/W), N-methylformamide/water
(NMF/W), dimethylformamide/water (DMF/W), DMSO/W,
THF/W baths have led to nickel electrodeposits with high
cathode current efficiency and with non-cracked topography
(Srivastava et al., 2001). Corrosion protection efficiency of
some of these electrodeposits has also been studied
(Srivastava et al., 2004).

This paper reports the effect of various nucleosides on the
electrodeposition of nickel from a formamide bath, having an
electrolytic combination of nickel acetate, nickel sulphate and
nickel sulphamate.

Materials and Methods
The solvent formamide was purified as given in literature
(Dawson et al., 1954). Copper strips, 15x10x1 mm were used as
cathodes. These strips were first ground to produce a smooth
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Introduction
Sulfur-based salts are important for a number of industries,
such as dyeing, textile and paper. Presently, these salts are
obtained by the absorption of sulfur dioxide gas into aqueous
sodium hydroxide solution, which serves as the absorption
medium. However, known methods for the production of sul-
fur salts through this route reported in literature are compli-
cated and found to be cumbersome from the practical point
of view. Therefore, there is a need to develop an economical
and simple method for the preparation of these salts indige-
nously, which at present are being imported for various
industrial uses.

A number of researchers (Bravo-Rodriguez et al., 2000;
Pasiuk-Bronikowska and Rudzinski, 1992; 1991; Chang and
Rochelle, 1985; 1982) have studied the absorption of sulfur
dioxide into sodium hydroxide solution. Simultaneous absorp-
tion of sulfur dioxide and carbon dioxide into sodium hydro-
xide solution flowing over a single sphere has been sugges-
ted (Goettler, 1967). The absorption rates were modeled on the
basis of film theory with the assumption that dissolved sulfur
dioxide and hydroxide ion participate in a two-step instanta-
neous and irreversible reaction with the formation of two-
reaction planes within the liquid phase. Hikita et al. (1972)
proposed the solution of penetration theory using the model
of two-reaction planes. Hikita et al. (1977) also measured the
absorption rates of pure sulfur dioxide into aqueous sodium
bisulfite, sodium hydroxide, and sodium sulfite solutions in a
liquid jet column. They reported these reactions to be irre-
versible. Onda et al. (1971) studied the behaviour of reaction
plane movement by absorbing sulfur dioxide into agar gel

containing sodium hydroxide or sodium sulfite solution, and
the results obtained for the sulfur dioxide-sodium hydroxide
system were found to be in close agreement with the penetra-
tion theory based on two-reaction plane model. Earlier inves-
tigators (Hikita et al., 1977; Onda et al., 1971), however, paid
no attention to the reversible hydrolysis of the absorbed
sulfur dioxide during their two-reaction plane model studies.

Most previous studies used either pure or concentrated
sulfur dioxide in the gas phase under which the sulfur dioxide
hydrolysis reaction is highly depressed (Teramoto et al.,
1978). However, the sulfur dioxide concentration in stock gas
SO2 scrubbers is normally very low, and under these condi-
tions the sulfur dioxide hydrolysis reaction can have a sig-
nificant effect on the absorption rate. Chang and Rochelle
(1985) thus noted that reversible hydrolysis reaction of sul-
fur dioxide needs to be considered. They further suggested
that hydrogen ions play an important role in the absorption
mechanism when the sulfur dioxide partial pressure was less
than 0.05 atm.

The present work reports the results of the reaction mecha-
nism in non-aqueous phase on the basis of instantaneous
irreversible chemical reactions, which was investigated by
absorbing sulfur dioxide at high partial pressure into alcoho-
lic sodium hydroxide system. The observations so obtained
showed that the mass transfer was enhanced during sulfur
dioxide absorption into alcoholic sodium hydroxide solution.
The high values of mass transfer enhancement factor thus
obtained by using mass transfer solutions were compared
with those reported previously (Kumar et al., 2003; Orthmer,
1964).*Author for correspondence
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Abstract. The chemical absorption of sulfur dioxide into alcoholic solution of sodium hydroxide was studied by simulta-
neous mass transfer and multiple instantaneous irreversible reaction. The experimental data showed the values of mass
transfer enhancement factor to be much higher in the alcoholic sodium hydroxide solution. The results of present studies
are compared with reversible and irreversible models over a wide range of sodium hydroxide solution concentrations,
reported previously.
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Introduction
The bleaching of edible oils is an important step in their
refining for the removal of impurities, such as trace metals,
sulphurous compounds, stable pigments, and the pigment
breakdown products resulting from raw material damage or
oxidation (Hamilton and Bhatti, 1980). The commonly used
bleaching agents are activated charcoal and earths of
specific nature. Their efficiency in this regard depends on
their grade and acid activation treatment. The low cost of
the specific-nature earths is an attractive attribute, which
makes their use more popular (Gannouni et al., 1999; Brady
et al., 1997; Mahatta, 1985). Therefore, Fuller’s earth is
widely used on account of its cheaper availability, large sur-
face area, and desirable adsorption properties (Worral, 1986).
A good number of researchers, due to this reason, have been
engaged in studying and activating this type of earths/clays
for their use as edible oil bleaching agents.

Two activated clays, one of which was of Brazilian origin,
were reported to be equally effective for bleaching purpose
(Cardello et al., 1995). Some naturally occurring acid clays
of hydrothermal origin, from New Zealand, were evaluated
and found to be rich in allophase, halloysite, kaolinite and
montmorillonite (Theng and Wells, 1995). These authors re-
ported that decolourizing capacity decreased in the order of
halloysite > kaolinite > montmorillonite > allophase. This work
also indicated that the clays, severally leached by acids dur-
ing their formation, were more effective as they required only
minor treatment with HCl for optimizing their performance

as decolourizing agents. Later on, optimum conditions for the
activation of a suitable clay were determined for bleaching
olive oil under variable parameters, such as reaction time, tem-
perature, initial concentration of acid, and liquid-solid weight
ratio. Good agreement between the anticipated and obtained
results was found at the end of this study (Gannouni et al.,
1999). Another group of researchers studied the treatment of
Ca-montmorillonite with sulphuric acid paying special atten-
tion to the layered structure of this type of clay. Such treated
clays, when used for the bleaching of cotton seed oil, on el-
emental analysis, showed that moderate activation had oc-
curred as a result of acid treatment, while linear dependence
of bleaching efficiency on the clay surface area and acidity
was also observed (Falaras et al., 1999).

Pakistan imports large quantities of bleaching earths for the
vegetable oil refining industry. Therefore, efforts have been
made in the present study to explore, investigate and activate
the indigenously available earths. Bogue (1962) initiated this
type of work and explored a small deposit at Thano Bulla Khan
in Sindh province of Pakistan. He examined the Fuller’s earth,
belonging to the same deposit, microscopically, and found that
it was locally fossiliferous. He suggested that thorough physi-
cochemical investigations should be done to get maximum ben-
efit through the utilization of indigenous resources of Fuller’s
earth. The chemical composition of the samples selected from
the same deposit indicated significant differences among them-
selves, except in respect of  the Fe2O3 content. In addition to
this source of sampling, Yousaf et al. (1989) studied the earth
samples obtained from a huge deposit in Dera Ghazi Khan dis-
trict in the Punjab province of Pakistan, proposing further de-
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Abstract. Indigenous Fuller’s earth from Dera Ghazi Khan district, Pakistan was investigated for its physical charac-
teristics, specific to bleaching palm oil. Properties such as swelling index, surface area and thermal behaviour were
determined. The results showed that the studied samples had the desirable large surface area, low swelling index, and
consisted of illite and montmorillonite. These were then activated by giving treatment with 4 N hydrochloric acid at
100 °C for 3 h. Raw palm oil was bleached by adding 3% activated earth and the bleaching activity was determined by
Lovibond tintometer. Out of the 15 replicate specimens, more than 90% red pigment was bleached in 7 samples,
whereas more than 60% red pigment bleaching was noted in 12 samples. However, bleaching of the yellow pigment
was not as effective as  was observed in the case of red pigment.

Keywords: Fuller’s earth, palm oil bleaching, swelling index, illite, montmorillonite
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Abstract. Six esters were synthesized from their parent acids, while their corresponding hydrazides were subsequently
synthesized from these esters. The hydrazides, on reaction with benzaldehyde, produced their respective hydrazones,
namely, benzoic hydrazone (BH), m-nitrobenzoic hydrazone (m-NBH), p-nitrobenzoic hydrazone (p-NBH), 3,5-
dinitrobenzoic hydrazone (3,5-DNBH), m-aminobenzoic hydrazone (m-ABH), and p-aminobenzoic hydrazone
(p-ABH). These hydrazones, on interaction with magnesium chloride yielded their corresponding magnesium com-
plexes. These complexes were off-white, grey or brownish in colour. These complexes were characterized on the basis
of spectral data and metal analysis. Metal to ligand stoichiometry of 1 : 3/2 and 1 : 5/2 has been proposed for the
complexes. The relevant infrared bands in the ligands and complexes were used to assign the probable point(s) of
coordination.

Keywords: aromatic hydrazones, magnesium complexes, benzoic hydrazones, magnesium hydrazones, magnesium-
hydrazone complex

Introduction
The magnesium ion is an essential component of all living
systems. It plays a structural role in bones and teeth. More
importantly, magnesium ion is involved in a variety of cellu-
lar biochemical processes (Skauge et al., 2002; Lee, 1996;
Cotton and Wilkinson, 1989). The properties of hydrazones
have attracted considerable interest owing to their biological
activity and application as analytical reagents (Baldini et al.,
2004; Chohan et al., 2004; Kasuga et al., 2003; Khan et al.,
2002; Rashid and Khan, 2002; Bacchi et al., 1998; RuWen
et al., 1992; Pandey, 1986).

Studies have shown that the incorporation of different metals
into the hydrazone moiety enhances their biological activities
and or industrial applications (Padhye et al., 2005; Nomiya
et al., 2004; Gokhale et al., 2003; Li et al., 2000; RuWen
et al., 1992; Fazlic et al., 1991; Obadovic et al., 1990).

No work has yet been reported on magnesium hydrazone
complexes, which formed the basis of the present study. The
synthesis and spectral studies of magnesium complexes of
some new hydrazones is reported in this communication.

Materials and Methods
Chemicals and reagents. Analytical grade reagents and
solvents were used (Aldrich and Fluka Chemicals).

Synthesis of ligands. The esters were first synthesized from
their parent acids, while the hydrazides were subsequently  syn-
thesized from the respective esters following the methods re-
ported earlier (Bacchi et al., 1998; Adeniyi and Patel, 1993;
RuWen et al., 1992; Bontchev et al., 1981; Vogel, 1978; Yale
et al., 1953).

Hydrazones. Equimolar mixtures (0.05 moles) of benzal-
dehyde and the respective previously synthesized hydrazides,
with few drops of concentrated hydrochloric acid in 25 ml
ethanol, were heated under reflux for 2 h. After cooling, water
was added to the reaction mixture, filtered and dried to yield
the corresponding hydrazones (Rashid and Khan, 2002;
Turan-Zitouni et al., 1997; Kamitori et al., 1988; Pandey,
1986). The reactions are summarized by the following gen-
eral equation:

Ph-CHO + Ph′CONHNH2 → PhCH=NHCOPh′ + H2O

where:

Ph = C6H5; Ph′ = C6H5  (benzoic hydrazone; BH)
Ph = C6H5; Ph′ = m-NO2C6H4 (m-nitrobenzoic hydrazone;

m-NBH)
Ph = C6H5; Ph′ = p-NO2C6H4 (p-nitrobenzoic hydrazone;

p-NBH)
Ph = C6H5; Ph′ = 3,5-( NO2)2C6H3 (3,5-dinitrobenzoic hydra-

zone; 3,5-DNBH)
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Abstract. Samples of heroin collected from different parts of NWFP (North-West Frontier Province, Pakistan) were
analyzed for physical characteristics, inorganic constituents (Na, K, Mg, Fe), and quantification of trace metals such as
Pb, Cd, Cr, Zn, Co, Mn, Ni, Ag and Al. The analytical results of the samples were compared with those of a pure heroin
sample taken as standard (marked as P). The sodium content was much higher than other inorganic adulterants in
almost all the samples, which might be due to the adulteration by common salt (NaCl) and other sodium bearing
materials. The calcium and magnesium contents were noted to be higher in the samples from the D. I. Khan (D-1,
D-2, D-3), which is an indication of the addition of marble, dolomite and calcite as the heroin adulterants. All the
samples contained trace metals in varying concentrations. Samples collected from Peshawar city were found to be
highly contaminated and, therefore, contained the least quantity of heroin being 84.97% and 54.54% for samples P-2
and P-3, respectively.

Keywords: heroin determination, physical characteristics of heroin, inorganic adulterants in heroin, trace metals in
heroin, heroin adulteration

Introduction
Because of high prices and no fear of detection, the adul-
teration in illegal drugs, particularly in heroin, is increasing
day by day. Different organic and inorganic materials are
mixed with heroin to fetch more profit. This situation has
created an immense threat to the already deteriorated health
condition of the drug addicts. One common adulteration is
in the form of quinine (Inturrisi et al., 1984), which also
enhances the rush effects. Heroin is also mixed with milk
sugar (Brien and Cohen, 1984), which gives better taste.
Other adulterants include manite (a mild laxative), metha-
done, talcum powder, etc. Talcum powder is extremely dan-
gerous because it does not dissolve in the blood stream. Death
may result from acute reactions such as hypersensitivity, with
pulmonary edema, infection, complications associated with
the adulterants used, and combination of heroin with alco-
hol or barbiturates (Reed et al., 1977), Chemically, heroin is
the ester of morphine (Richard et al., 1976), which is called
diacetylmorphine or dimorphine. Its molecular formula is
C21H23NO5 (C: 68.28%, H: 6.28%, N: 3.79%, O: 21.66%),
mol. wt. is 369.40 amu, and m.p. is 171 °C. Heroin is usually
used in medicines as heroin hydrochloride. It is also found
in the form of hydrochloride monohydrate (Boerner et al.,
1975) having the formula C21H24ClNO5.H2O that forms fine

crystals with m.p. of 234-244 °C. It is insoluble in ether. It is
also found in the methyliodate form (Smith and Cole, 1975)
having the formula C22H26INO5 with m.p. of 252 °C. Pure
heroin is a white crystalline powder with a bitter taste
(Machata and Vycudlik, 1980).

Heroin is slowly absorbed from the gastrointestinal tract, which
directly acts on CNS specifically affecting the pain receptor
neurons. As it is lipid soluble, it directly reaches the brain and
depresses the CNS in a similar way as alcohol and barbitu-
rates, but unlike these drugs it also relieves pain (Umans et
al., 1982). While abuse of alcohol and barbiturates can in-
crease belligerent behaviour by removing inhibition, heroin
acts to depress aggression as well as appetite and sexual drive.
It may cause skin, artery and heart diseases, loss in weight,
stomach ulcer, AIDS, mental diseases, and other problems
(Cohen and Stillman, 1976).

The present work was focused on the determination of physi-
cal characteristics, inorganic adulterants and trace metals in
the street-vended heroin samples to check their quality and
status of adulteration. Under optimized conditions the study
will be useful to determine trace level concentrations of dif-
ferent species of illegal drugs and assessment of the quality of
drugs under investigation. The studies are also expected to
contribute to the awareness about drug adulteration and to
minimize its abuse.
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Abstract. A traffic noise survey conducted in Lahore city, Pakistan showed that the prevailing traffic noise levels were
excessively high and much above the community annoyance limits. Therefore, in order to have an assessment of the
level of noise emitted by different types of vehicles plying on the roads in Lahore city, measurement of the level of
noise emitted from individual cars, motorcycles, vans, buses, autorickshaws and trucks was carried out in their normal
running condition. The data collected have been analyzed for the range of noise emission levels, LV99, LV90, LV50, LV10
and LV1 values for each category of vehicles. Due to the lack of proper regulatory laws to limit emission of high level
noise from individual vehicles in Pakistan, the results are discussed with reference to the vehicular noise emission
limits recommended by the Council of European Economic Community, and some other individual countries. Some
means and ways to limit the emission of high-level noise from individual vehicles are also suggested.

Keywords: noise pollution, traffic noise, motor vehicle noise, noise pollution in Lahore city, community noise annoyance

Introduction
Road traffic noise is one of the major environmental problems
in the urban areas of Pakistan. A road traffic noise survey con-
ducted earlier in Lahore city by Islam et al. (2004) showed that
the level of traffic noise in the city varied from 60.7-97.3 dB(A),
with LA99, LA90, LA50, LA10 and LA1 values in the range of 63.1-
66.3, 68.3-74.1, 74.8-82.4, 84.3-87.5, and 89.6-94.1 dB(A), re-
spectively, and evaluated the LAeq8h values in the range of 82.4-
85.4 dB(A). With the exception of few sites, all the measure-
ments were made at a distance of about 5.0 m from the edge of
the nearest line of flow of vehicles. The traffic streams at these
sites were generally composed of autorickshaws, buses, motor-
cycles and cars. These levels are very high and much above the
community annoyance limits, as recommended by the Interna-
tional Standards Organization (ISO) and some other individual
countries. Roadside traders and dwellers are constantly exposed
to high-levels of noise for long periods, which may result in
different varieties of physical, physiological and psychological
effects on their health.

The level of traffic noise at a certain place varies with time,
which generally depends upon the traffic density, composi-
tion of vehicles, and especially the noise produced by indi-
vidual vehicles in a given traffic stream. The other contribut-
ing factors include traffic congestion, uneven road surfaces
and the reverberation time of the place. The noise produced

by an individual vehicle further depends upon its type, make,
physical condition and mode of operation, such as its speed,
gear, and accelerator position. It has been observed that
autorickshaws are the main source of high-level noise, fol-
lowed by buses, trucks and motorcycles. For assessment of
the level of noise generated by an individual category of
vehicles, some standard methods have been recommended for
the measurement of noise emitted by vehicles in motion (EEC,
1992; ISO-362, 1981; BS-3425, 1966), and in the stationary
state (ISO-5310, 1982). A brief study on the measurement of
noise emission levels of different types of vehicles in motion,
by following the standard method (ISO-362, 1981), has re-
ported the noise emission levels of individual trucks, cars,
buses, mini-buses, motorcycles, autorickshaws and vans in
Karachi, Pakistan, in the range of 85-90, 73-83, 79-89, 85-
88, 84-88, 91-95 and 76-86 dB(A), respectively (Shaikh and
Rizvi, 1990).

The measurement of noise emission levels in accordance with
the standard methods yields information on the levels of noise
produced under certain specified, but unrealistic conditions.
Vehicles plying on the roads, in the real-state situations are
generally not under these standard conditions all the time and
hence such data do not give a realistic assessment of the con-
tribution of different categories of vehicles to the traffic noise.
Therefore, in order to find the actual contribution to noise
from different types of vehicles, measurement of noise emis-
sion levels for individual cars, motorcycles, autorickshaws,*Author for correspondence
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Jehangir Shah*, Asadullah Jan and Amin ur Rahman
PCSIR Laboratories Complex, Jamurd Road, Peshawar-25120, Pakistan

(received June 27, 2003; revised August 1, 2005; accepted August 15, 2005)

Introduction
Unabated environmental degradation, wasteful use of valu-
able resources, deteriorating ecosystems, and an appalling lack
of concern for the protection of environment are among the
pressing problems currently facing our country. In order to
protect ourselves and future generations from the hostile pol-
luted environment, it is only prudent to use the resources of
the earth in a harmonized manner. Regulations at the national
level (EPA, 1997) and international  standards (ISO-14000,
1996) are in force to monitor the quality of soil, water and air
within safe limits for humans, animals and other forms of lives.
However, a sufficient number of reports  indicate that indus-
trial pollution in varying degrees is adversely affecting hu-
man health and ecosystems, the world-over as well as in Paki-
stan (GoP, 1993; WHO, 1992).

Paper and board mills in Pakistan are considered to be a
source of serious industrial pollution (EPANWFP, 1997). Vari-
ous environmental reports (EPA, 1997; 1996) have pointed
out that the paper industry is the major river polluter in the
North-Western Frontier Province (NWFP) of Pakistan. The
Kabul river has been reported to be more saline due to the
dumping of industrial effluents than are rivers in the USA
(Khan et al., 1999). It has been reported that industrial
effluents have contributed to the reduction of mahseer fish
(Tor putitora) population in this river (Muhammad, 2004). It
has also been reported that the high consumption and un-
wise use of raw materials in the production process can be

reduced at source through slight process modifications with
little investment (Shah et al., 2004). According to a World
Bank report, the wastes of these industries can be reduced at
the source by about 40% through process modifications
(World Bank, 1996).

Keeping in view the principal objective of reducing waste at
the source, a detailed post-environmental impact assessment
study of a paper mill in NWFP was carried out. During this
study, all the production stages were identified and analyzed
in accordance with the methodology developed by United Na-
tions Industries Development Organization and by using stan-
dard methods (APHA, 1998; UNIDO, 1992).

The capacity of this mill was noted to be 2800 tons of bloat-
ing paper liner per annum, working 350 days/year. The mill
utilized 100% waste paper as the raw material, thus elimina-
ting chemical pulping of wood or wheat straw or any other
fibrous material. The use of deinking chemicals and bleach-
ing agents was non-existent due to non-requirement of any
colouring of  the end-product. The paper-manufacturing units
were established at a time when protection of environment
and recycling of valuable fibres were not considered impor-
tant. This has resulted in increased environmental pollution,
besides financial loss to the industry.

Materials and Methods
Survey. After conducting the survey of the mill, flow dia-
gram of the production process (Fig. 1), material balance*Author for correspondence; E-mail: shahjehangir@hotmail.com

Abstract. A detailed environmental study of a pulp and paper mill was carried out, which included effluent flow
measurements and sample collection from some selected points. Stack gas analysis was carried out on the spot. The
quantity of raw materials used and their wastage in the production processes were identified. The data obtained were
fed into environmental balance sheets, already developed for the mill, which showed excessive use of water per ton
production of paper, as compared to a European paper mill. The biological oxygen demand, chemical oxygen demand,
and total soluble solids were above the permissible level of National Environmental Quality Standards specified by the
Government of Pakistan. Control measures for preventing raw materials wastage, both at in-plant and end-of-pipe
treatment, were recommended, which included water conservation, spill control, recovery of valuable fibre, reduction
in chlorinated compounds, waste heat recovery, solid waste recovery and its safe disposal for the in-plant controls,
while options for the end-of-pipe treatment were discussed with the factory management.

Keywords: pollution control, paper pulp recovery, pulp and paper mill, effluent discharge, stock gas analysis, envi-
ronmental balance sheet, wastewater effluents
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Abstract. Phenol and its derivatives were removed by the physical treatment process of adsorption from pharmaceutical
industrial wastewaters at the laboratory scale. The adsorption relationship between different doses of activated carbon and
the concentrations of the phenolic compounds adsorbed was studied with respect to time. Determination of phenol
concentration was carried out before and after adsorption on activated carbon by the red colour reaction spectro-
photometerically. In this reaction, 4-aminoantipyrine acted as a colouring agent, potassium ferricyanide as an oxidant, and
ammonium hydroxide-ammonium chloride as the buffer solution. During the present studies, the adsorption process using
activated charcoal resulted in the reduction of phenol from 315 mg/l to 0.1 mg/l.

Keywords: phenol adsorption, industrial effluents, activated carbon, wastewater treatment, pharmaceutical effluents
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Wastewater treatment is considered to be an integral part of
any industrial process design. The environment protection
agencies in different countries, including Pakistan, place sig-
nificant emphasis on the removal of toxic substances from
industrial wastes prior to their discharge from the treatment
plants into water bodies (Lenore et al., 1998). Pharmaceutical
industries generate large volumes of organic wastes in their
effluent discharges. Among these are phenols and related com-
pounds, which are potentially toxic to aquatic life. These com-
pounds create an oxygen demand in the receiving waters and
have the unique property of tainting the taste of fish, if present
at the concentration of 0.1-1.0 mg/l (Verchurren, 1977). The
chlorinated  derivatives of phenols impart taste to drinking
water, when present in even minute concentrations. The po-
tential sources of phenols in industrial effluents are the mu-
nicipal sewage, bunker fuel cooking plants, pharmaceuticals,
and petroleum industries (Guard et al., 1975). Phenol is never-
theless extensively used as a medicinal fungicide, in textiles,
and in the synthesis of organic products, particularly phe-
nolic resins. It is, therefore, necessary to develop a quick and
efficient method to remove phenolic compounds whenever
these are generated as wastes.

A variety of physical treatment technologies have been
developed for the wastewater streams, such as activated car-
bon adsorption, air and steam stripping, chemical precipita-
tion, ion exchange, and membrane separation (Nukatsuka
et al., 2000 ).  Activated carbon adsorption, which is essen-
tially a proven technology to reduce pollution in industrial
wasterwater, has been investigated for the removal of phenols

generated as wastes during industrial processing. Most of the
organic substances, such as phenols and their derivatives,
are readily adsorbed onto activated carbon (Kang et al., 2000).

The main purpose of the present study was to reduce the
amount of phenol in pharmaceutical industry effluents
upto the discharge limit of phenols in the effluents within the
National Environment Quality Standards in force in Pakistan
(NEQS, 1993). The method uses the ability of activated carbon
to adsorb phenolic compounds.

For the determination of phenol concentration, many analyti-
cal techniques are available, which include chromatographic
(Faust et al., 1971), metal adsorption (Alam et al., 1999), and
spectrophotometeric (Merck, 1976). In the present work, the
spectrophotometeric method was used for the determination
of phenol in the range of 0.1-1.0 ppm. The laboratory-scale
physical treatment observations, upon the removal of phenol
from pharmaceutical industrial effluents, are presented in Tables
1 and 2.

The industrial wastewater, prior to treatment, was adjusted to
pH 7-8 and temperature to 32-35 °C. The wastewater was pre-
treated to remove suspended solids, oil and grease, particu-
larly to avoid excessive pressure drop, which is a problem
sometime created in the presently reported physical treatment
procedure. Nine samples of wastewater (100 ml each) were
then contacted with a range of nine different concentrations
(0.05-5.0 g) of powdered activated charcoal as the adsorbent.
The mixture was manually swirled. The flasks were agitated on
a flask shaker for 80 min. Following agitation, the samples
were filtered through Whatman filter paper # 42. The residual
phenol concentration was determined by the development of
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Abstract. Anticonvulsant effect of the leaf extracts of Emilia sonchifolia is reported for the first time. The ethanol,
chloroform and aqueous extracts, especially the aqueous extract, showed marked anticonvulsant effect (ED50 of 4 mg/
kg and 8 mg/kg in chicks and mice, respectively). This research finding gives scientific justification to the traditional
healers in Nigeria for the use of aqueous leaf extract of the plant for treating infantile convulsion. The extracts of E.
sonchifolia showed concentration-dependant protective effect against maximal electroshock (MES) and strychnine-
induced seizures (SIS). The potent anticonvulsant effect exhibited by the extracts of E. sonchifolia (especially the
aqueous extract) is an indication of its promising anticonvulsant application as a possible new clinical drug. Further
studies on the principal anticonvulsant compounds of the aqueous extract are in progress.

Keywords: Emilia sonchifolia, anticonvulsant drug, epilepsy, maximal electroshock seizure (MES), strychnine in-
duced seizure (SIS)

Introduction
Epilepsy is a central nervous system disorder which is char-
acterized by repeated occurrence or sudden and transitory epi-
sodes known as seizures. Approximately 20-40 million (~1-2
%) people worldwide are epileptic (McNamara, 1999; Saxena
and Saxena, 1995). For many epileptic patients, the develop-
ment of a new anticonvulsant drug offers the hope of achiev-
ing control of their seizures with lesser side-effects, which
they usually tolerate to gain control of seizures (Anderson et
al., 1997; Krall et al., 1978). Epilepsy impacts society at mul-
tiple levels; at the top most among these is its social impact
particularly in Nigeria where some ethnic groups strongly be-
lieve that it is due to the aftermath of evil spells. Hence, it is a
dreaded disease to be prevailing in a family. Although ad-
vances have been made in the development of anticonvulsant
drugs, only about 60-70% of the epileptic patients are reported
to respond to the available chemotherapy (Hauser and
Hesdorffer, 1990). Also, despite the large therapeutic range
of old and new antiepileptic drugs (AEDs), approximately 30%
of the patients with epilepsy are still not seizure-free and, con-
sequently, there is a substantial need to develop new AEDs
(Bialer, 2006). The development of novel anticonvulsant
agents from herbs remains a scientific challenge, which pro-
vides the necessary rationale for the present study. Anticon-
vulsant activity of Emilia sonchifolia is being reported for the
first time in the present communication.

Emilia sonchifolia (L.), family Compositae, is an erect an-
nual herb (Adams, 1980; Harold,1966), which is quite abun-

dant in Nigeria having a long history of ethnomedicinal use.
The roots and leaves are employed in ethnomedicine for the
treatment of sore throat, fever, rashes, measles, inflammatory
diseases, eye and ear ailments and vertigo (Kohler et al., 2002;
Gill, 1992; Hutchinson and Dalziel, 1985). The roots are listed
among the recipes used in the traditional Chinese medicine
for regenerating bath therapy (Cai, 2003). There are also re-
ports on its cytotoxic, antitumor, antioxidant, antidiabetic and
antiinflammatory properties (Muko and Ohiri, 2000; Shylesh
and Padikkala, 2000; 1999). This plant is documented in the
Nigerian folk medicinal plants for epilepsy treatment (Gill et
al., 1993; Adesina, 1982a). Our literature survey revealed no
anticonvulsant report on this plant till date.

Materials and Methods
Collection and preparation of plant material. Fresh leaves
of Emilia sonchifolia were collected at the Ugbowo campus
of the University of Benin, Nigeria. The Taxonomist at the
Department of Pharmacognosy, University of Benin, Nigeria,
where voucher specimens are kept, authenticated the plant.
The leaves were oven dried at 40 °C for two days after which
they were pulverized to fine powder. About 300 g of the powder
was macerated with 500 ml distilled water for 24 h and filtered.
The filtrate was dried under reduced pressure and the resultant
powder was stored for further study. Likewise, two additional
300 g samples of the leaf powder were exhaustively extracted
separately with ethanol and chloroform. These two extracts
were likewise dried under reduced pressure and the resultant
powders were stored for further study.
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Introduction
Sorghum bicolor is extensively cultivated in the drier north-
ern Guinea, Sudan savannah, greenlands of Africa, plains of
India and the great plains of United State of America (FAO,
1988). It is known to be the fourth most important cereal crop
after wheat, rice and maize, and is a dietary staple of millions
of the World’s poorest people in the sahelian zone of Africa,
Middle East, India and China (Kochhar, 1986). Sorghum is a
vastly complex genus, including hundreds of species and
varieties of different characteristics, adapted to different eco-
logical niches with a variety of economic uses. It resembles
maize in its vegetative characters, but differs in having nar-
rower leaves and a waxy bloom covering the leaves and the
stem. It also has a well-developed root-stem system, which is
twice as efficient as that of maize, even though its leaf area is
only half that of maize (Hartman et al., 1988).

Three major cultivars are grown in Nigeria, namely, Guinea
(red testa, white endosperm) in the southern Guinea savan-
nah, Kaura (yellow testa and endosperm), and Farafara (white
testa and endosperm) grown in the drier savannah regions.
Small-scale farmers prefer Farafara to Kaura, as the latter is
believed to store less well. Nevertheless, Kaura is cultivated
widely by the large-scale farmers for the brewing industries
(Marley et al., 1997). The S. bicolor stem is sweet in taste and
is found to contain some sugars and minerals. The sugary
nature makes it to be a popular chewing material for some
population groups in Africa and Asia. On account of this

attribute, it is used for the manufacture of syrup (FAO, 1988).
In the tropics, apart from the cereal being used as food
(Odetokun, 1997; Ihekoronye and Ngoddy, 1992), the mature
black purple sheath (stem) is generally sold in small bundles
for use as colour additive in cooked meals and is also con-
sumed as a base for beverages when steeped or boiled in
water, in many households in Nigeria (Adetuyi, 2004). On
account of this usage, the S. bicolor stem was investigated
for its nutritive value and functional properties. The results
of this study are reported here.

Materials and Methods
Collection and treatment of the material. The Sorghum
bicolor stems used in this study were purchased in the dry
form at Ojaoba, a local market in Akure, Ondo State, Nigeria.
The stems were further sun-dried and pulverized, sieved and
stored as flour in a dry container until used.

Analytical procedures. The moisture, total ash, ether extracts
(fat) and crude fibres were determined using the AOAC (1990)
standard analytical procedures. The nitrogen was determined
by micro-Kjeldahl method (Pearson, 1976). Carbohydrate
contents were determined by difference. The energy values
were derived by multiplying the amounts of protein, carbohy-
drates and fat by factors of 4, 4 and 9 (kcal) and 17, 17 and 37
(kJ), respectively (Pearson, 1976).

The mineral contents (Mg, Mn, Na, K, Ca, Fe, Cu and Zn)
were determined by atomic absorption spectrophotometer
(Pye Unicam SP 9, Cambridge, UK), using standard proce-
dures (Oshodi, 1992).*Author for correspondence; E-mail: yomiadetuyi2002@yahoo.com
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The Nutritional Value of Sorghum bicolor Stem Flour Used for
Infusion Drinks in Nigeria
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Abstract. The black purple sheath (stem) of Sorgum bicolor, used locally as colour additive in cooked meals and infusion
drinks taken as beverages, was examined for its nutritive value. The stem made into flour, was found to be rich in energy
(1121.3 kJ/100 g), and in some micronutrients (mg/100 g), such as Mg (185.33), Ca (151.70), K (138.87), Na (127.61),
and Fe (10.98). High Mg content of stem may be useful for overcoming Mg deficiency. The Fe content was sufficient to
meet the daily-required intake (DRI) value for human beings. The presence of Cu, Zn and Mn was also observed. The
content of crude fibre (32.0%) and carbohydrates (44.50%) were useful for making the stem a fodder for animal con-
sumption. However, the protein content of the stem was low (3.20%). The functional properties observed for the stem
compared favourably with those already reported for some other plants such as pigeon pea flour, African yam bean, and
wheat flour.

Keywords: functional properties, Nigerian infusion drinks, sorghum mineral content, nutritive value, sorghum stem flour,
Sorghum bicolor
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Abstract. Factors affecting in vitro regeneration of shoots in shoot tip explant cultures of banana cultivar ‘Basrai’, such
as solid and liquid media, growth regulators, vitamins, and antioxidants were studied. Three-quarters strength of MS
liquid medium supplemented with 17.75 μM 6-benzyladenine (BA), 11.42 μM indole-3-acetic acid (IAA) and 205 μM
adenine sulphate induced the formation of mean number of 12.3 shoots, with the mean length of 3.0 cm, after three
weeks of culture. Maximum shoot multiplication (14.33) occurred in liquid medium containing 22.19 μM BA. Addi-
tion of 2.0% activated charcoal (AC) to the liquid medium improved quality of the regenerated plants with expanded
and glossy leaves, though the number of shoots was reduced (13.66). Profuse formation of roots was characteristically
induced by AC. Addition of citric acid (CA) to the medium caused decline in morphogenetic expression of the cultures.

Keywords: activated charcoal, ascorbic acid, citric acid, in vitro plant culture, gelling agent, growth regulators, multiple
shoots, banana culture
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Introduction
Edible banana and plantains are a major staple food in tropical
and subtropical parts of Africa and Asia. Most commercial
cultivars are triploids and, therefore, essentially seed-sterile.
Consequently, these cultivars are propagated only by vege-
tative means. Previously, efforts have been made to enhance
the propagation rates using conventional techniques (Rowe
and Richardson, 1975; Hamilton, 1965). However, during the
last three decades, several efforts have been made to propa-
gate banana and plantains in vitro (Roels et al., 2005; Agrawal
et al., 2004; Jalil et al., 2003; Habiba et al., 2002). The shoot tip
culture method, obviously, has a great potential for produ-
cing specific pathogen-free planting materials in quantity.
Applications of in vitro culture techniques have significantly
improved handling of germplasm of the genus Musa, to which
also belongs the edible banana. Micropropagation has also
played a key role in the plantain and banana improvement
programmes using shoot tip culture. Plants can be selected,
screened and maintained free from serious diseases and pests
in a better manner as compared to conventional techniques
(Arias, 1993; Drew et al., 1992). The present investigation
reports the effect of various media, supplemented with diffe-
rent growth hormones either in combination or alone, antioxi-
dants and different gelling agents on the micropropagation of
banana to produce an efficient and reproducible protocol for
rapid multiplication of banana cultivar ‘Basrai’.

Materials and Methods
Explants of 2-4 cm shoot apices were isolated from suckers
of Musa paradisica cultivar ‘Basrai’. All roots were removed

from the rhizomes and the soil was washed off. The outer leaf
sheaths of the pseudo-stem were peeled off, one at a time,
until the size of the inner leaf sheaths was minimized to 1 x 2 cm
at their base. Using a scalpel, the remaining outer leaf bases
were carefully removed under a stereomicroscope, until only
one or two young leaf primordia were left. The shoot apices
were excised by making four incisions into the rhizome
beneath the apices. Excised apices were placed in 30 ml of
10% commercial bleach with 2-3 drops of Tween-20. The
apices were allowed to soak for 5 min and swirled occasion-
ally. The bleach was decanted and the apices rinsed five times
with sterile distilled water. The final decant was poured
through a sterile sieve to collect the apices.

The sterilized apices were shifted from the sieve on to the
culture media (Benerjee et al., 1986). Modified MS basal
medium (Murashige and Skoog, 1962) was used with different
combinations and concentrations of growth regulators, anti-
oxidants and gelling agents to study their effect on shoot
proliferation and browning. Media constituents are shown in
Table 1. The MS basal salt concentrations were used at the
reduced strength of three-quarters throughout the investi-
gations. Additional variations in the nutritional components
were made through vitamin supplementations, where thiamine
HCl (1.48 μM), pyridoxine HCl (2.43 μM), nicotinic acid (4.0
μM), myo-inositol (554.9 μM), and glycine (26.69 μM) were
added. Omissions of vitamins were as mentioned (Table 1).
6-Benzyladenine (BA) at a concentration of 22.19 μM or less,
with or without 11.42 μM indole-3-acetic acid (IAA) and 205
μM adenine sulphate, occasionally replaced with 15% coco-
nut water (CW), were supplemented to the basal salt compo-
sition. The other additives included antioxidants and solidi-

Pak. J. Sci. Ind. Res. 2006 49(4) 281-284

281



Introduction
Wheat is the most important component of Pakistani diet. It is
consumed in the form of ‘tandoori roti’ and ‘chapatti’ (unleav-
ened bread). Such kinds of  breads are mostly prepared from
whole-wheat flour. Wheat flour is also used in several bakery
products, particularly biscuits, leavened breads and pizza.
Generally, the priorities of growers, millers and bakers are high
yields of grain, good quality flour, and the making quality of
bread, respectively. The most important considerations for
the consumer are high nutritive value and good organoleptic
properties of the bread (Mladenov et al., 2001). The wheat
quality characteristics are, therefore, of prime importance for
millers, processors and consumers. The quality of wheat grain
is influenced by the variety and cultivation environment (Lin
and Czuchajowska, 1997).

Various traits have been  used for the evaluation of wheat
quality, which may be primarily classified into three main
groups: physicochemical, rheological and baking properties.
Test weight is one of the basic quality traits and can be used
as a reliable indicator of the biological plasticity of cultivars
and their adaptability to different environments (Fowler and
De La Roche, 1975). The resistance of a wheat variety to air
drought and high air temperatures at grain fill can also be
evaluated by determining the test weight (Misic and Mladenov,
1998).

Quality Evaluation of Some Sindh (Pakistan) Wheat Varieties.
II. Correlation Among Various Quality Traits

Saqib Arif *, Mubarik Ahmed and Kamran Kadir Khanzada
Grain Quality Testing Laboratory, Pakistan Agricultural Research Council, Karachi University Campus,

Karachi-75270, Pakistan
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Pak. J. Sci. Ind. Res. 2006 49(4) 285-289

* Author for correspondence; E-mail: saqiawan@hotmail.com

Abstract. Some physicochemical and rheological properties of five commercial wheat varieties cultivated in Sindh,
Pakistan, namely, Mehran-89, Kiran-95, TJ-83, Anmol-91 and Sarsabz were analyzed. These wheat varieties were obtained
from Wheat Research Institute, Sakrand, Sindh, Pakistan in August 2004. The results revealed that the shriveled and broken
grains ranged between 0.5 to 9.0%, test weight 75 to 79kg/hectoliter, thousand grain mass 31.8 to 42.2 g, moisture content
10.3 to 10.8%, protein content 11.9 to 15.5%, wet gluten 23 to 39.7%, dry gluten 7 to 12%, gluten index 36.6 to 85.8%,
near-infrared (NIR) hardness score 53 to 61, farinograph water absorption 69.1 to 73.3%, dough development time 2 to 4.5
min, dough stability 2 to 11 min, and degree of softening 30 to 100 Brabender unit. The coefficients of correlation (r)
between various quality parameters were also calculated. A significantly positive correlation existed between the hardness
score and test weight (r = 0.886). The degree of softening was found to be significantly correlated with moisture content (r
= 0.943) and gluten index (r = _ 0.886). It was also observed that the capacity of gluten to bind water was positively
correlated with farinograph water absorption (r = 0.891).

Keywords: wheat varieties, wheat quality traits, wheat variety correlations, wheat rheology, wheat physicochemical
characteristics, baking properties, dough rheology

Dough is formed when wheat flour is mixed with water and is
capable of retaining gas produced during fermentation (Walker
and Hazelton, 1996). The viscoelastic properties of dough are
strongly related to the gluten proteins (Janssen et al., 1996;
Faubion and Hoseney, 1990). Many instruments have been
developed for determining the rheological properties of
dough. One of these is the farinograph that uses shear and
extential deformations for the evaluation of dough properties
(Schluentz et al., 2000; Campos et al., 1997; 1996).

Tests to determine the quality characteristics of whole-wheat
flour are needed to be performed when the ultimate finished
product is made of this flour. These tests can be used for
screening of varieties in breeding programmes for improving
the end-product making quality as demonstrated by Ram and
Singh (2004) for the cookie-making quality of Indian wheats.
The consumption of whole-grain and whole-grain products
results in the reduction of incidence of chronic diseases, such
as cardiovascular diseases (Jacobs et al., 1998; Thompson,
1994), diabetes (Meyer et al., 2000), and cancer (Kasum et al.,
2002; Nicodemus et al., 2001; Jacobs et al., 1995; Smigel, 1992).

In Sindh, Pakistan, a large number of wheat varieties have
been released and cultivated commonly by the farmers. How-
ever, little is known about their overall field performance and
suitability in relation to their end-use. The objective of the
present study was, therefore, to evaluate the quality of more
commonly grown wheat varieties in Sindh by evaluating their
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 Contribution of Cereal-Legume Association to the Yield and Grain
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Abstract. A study on the mixed cereal-legume cultivation in different planting patterns was undertaken for two consecutive
years. The aim was to investigate the contribution of  the association of legumes  towards yield and grain quality of  cereal
crops. The data indicated that the association of  legumes in different planting pattern with  sorghum  affected the yield and
grain quality of sorghum. During both the years of study, the double row strips (30/90 cm) planting pattern significantly
increased the grain yield of sorghum, as compered with single rows (60 cm apart) and triple row strips (30/120 cm). The
grain yield of sorghum decreased when sorghum was associated with mungbean or guar, but the additional harvest of
intercrops increased the total productivity. The difference in grain yield between the treatment means of interaction was
non-significant. Moreover, in the first year of study, protein content of sorghum grain was not significantly affected by the
planting pattern, but in the second year of study, double and triple row strips planting pattern significantly increased the
grain protein content (respectively, 9.41% and 9.34% ) of sorghum, as compared with single row planting pattern (protein
content of 9.19%). Sorghum grain protein content of 9.51 and 9.49% produced in association with mungbean was signifi-
cantly more than the grain protein content of  sorghum  alone or sorghum grown in the association with guar during 1999 and
2000, respectively. Increase in grain protein content of sorghum, when associated with mungbean, was attributed to the N
transfer from companion mungbean to sorghum. It may be concluded from the results obtained that sorghum + mungbean
association in the double row strips (30/90 cm) planting pattern can efficiently utilize the available resources to improve the
grain quality and overall production of sorghum-based cropping system.

Keywords: Sorghum bicolor, crop planting pattern, cereal-legumes association, grain yield, sarghum protein content

Introduction
Intercropping of cereals-legumes has become a common prac-
tice in the developing countries. Traditionally, this system of
farming aims to avoid the risk of crop failure, to meet diversi-
fied needs of the farmer family, and to increase total produc-
tivity from the small piece of land-holdings.  Research find-
ings have revealed that the mixed cropping of cereals-legumes
not only increases the overall productivity, but also reduce
soil erosion, improves the declining level of soil fertility, and
results in sufficient supply of nitrogen to the companion crops
or at the least improved residual nitrogen carryover to the
next crop. Zougmore et al. (2000) reported that sorghum-
cowpea intercropping not only doubled the grain yield, but
also reduced run off by 20-30%, as compared to a sorghum
mono- culture. Ibrahim et al. (1987) reported that soybean can
fix 60-168 kg of atmospheric nitrogen to the soil per year. Pal
and Shehu (2001) studied the direct and residual contribution
of legumes to the yield and nitrogen uptake of maize crop and
found that all the legume crops contributed to the yield and N
uptake of maize, when either intercropped with the legume or
grown after legumes as the sole crop. Direct transfer of N from

the nodulating soybean, lablab bean, green gram and black
gram to the intercropped maize crop was 29.9-30.1, 23.8-29.2,
19.7-22.1 and 18.4-18.6 kg N/ha, respectively. The transfer of
residual N from these legumes to the succeeding maize crop
was 18.4-20.9, 19.5-29.9, 12.0-13.7 and 9.3-10.3 kg/ ha, respec-
tively. Hussain et al. (1999) revealed that sowing of sorghum
in double row strips with legumes as intercrops gave the high-
est fresh and dry matter yield, as compared to sole sorghum
cultivation. Shievay and Singh (2000) indicated maximum N
uptake by maize crop when maize was grown in association
with ‘urd’ bean than the N uptake by the sole maize crop.

Legumes, being a rich and cheaper source of proteins, can  be
grown successfully as intercrops in the cereal-based crop-
ping system. Intercropping not only increases total produc-
tivity as equivalent yield, but also contributes a considerable
portion of proteins in human diet and animal feeds
(Annonymous, 1990). Malik et al. (1998) reported that in the
intercropping of mungbean and maize crop, the yield of com-
ponent crops tended to decrease, but the total yield of inter-
cropping pattern was higher than sole cropping of either crop.
Munir et al. (2004) indicated that wheat-gram intercropping
under 4, 6, 8 and 10 rows of wheat strips increased wheat yield*Author for correspondence; E-mail: drrashid_azri@yahoo.com
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Abstract. This study examines the allelopathic effect of different concentrations of aqueous extracts obtained from
the decomposed leaves and soil beneath Chromoleana odorata (siam weed) and Euphorbia heterophyalla (wild
poinsettia) on the elongation of radicle and plumule of cowpea. All the extracts were found to retard the elongation
of both radicle and plumule when compared to the control. Statistical analyses at 5% level, however, revealed that
the degree of retardation was not significantly different. Extracts from the decomposed leaves of C. odorata and
E. heterophylla brought about considerable slowing down of the rates of radicle elongation in cowpea. Also, while
the extracts derived from soil beneath C. odorata resulted in mere reduction in the elongation of cowpea plumule,
those derived from soil beneath E. heterophylla resulted in delayed germination of the plumule in addition to
slowing down the rate of elongation.

Keywords:  Chromoleana odorata, Euphorbia heterophylla, plant aqueous extracts, allelopathic effect, cowpea seed
germination, leaf leachate inhibition
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Short Communication

Weeds cause significant reductions in the yield of field crops,
either through competition or by allelopathic interactions
(Kayode, 1998). Most of the weeds have been found to con-
tain phytotoxic substances, which cause significant reductions
in the growth of plumule and redicle of various crops, such as
maize, rice, tomato and cowpea (Ogbe et al., 1994). Allelo-
pathic studies conducted so far on weeds in Nigeria were those
of Tijani-Eniola and Fawusi (1989), Gill et al. (1993) and
Ogbe et al. (1994) on Chromoleana odorata, and of Kayode
(1998; 2004a; 2004b), respectively, on Euphorbia
heterophylla, Calotropis procera and Aspilia africana. All
these studies were carried out on aqueous extracts obtained
under laboratory conditions with relatively little or no efforts
to demonstrate allelopathic effect of extracts obtained from
the field. The present study was, therefore, undertaken to
determine the allelophathic potential of these weeds using
aqueous extracts obtained under field conditions, and the
leachate extractions done for 24, 48 and 72 h.

Fresh leaves of Chromoleana odorata and Euphorbia
heterophylla were collected from the campus of the Univer-
sity of Ado-Ekiti, Nigeria (7°40’N, 5°15’E), and 500 g each
of these leaves were allowed to decompose under the soil for
30 days. After this period, 200 g of decomposed leaves of
each plant species were immersed in one liter distilled water
for periods of 24, 48 and 72 h. Soil samples were also col-
lected at plough depth (15 cm) from beneath the canopy of

each species. Soil leachates from beneath each species were
prepared by immersing 200 g samples of the soil in one liter
of distilled water for 24, 48 and 72 h. The leaf and soil leachate
extracts were filtered, and the filtrates were used as the aque-
ous extracts to investigate their allelopathic effect.

Petri dishes were double-layered with Whatman # 1 filter
papers and 5 cowpea seeds were placed in each petri dish.
The filter papers were moistened daily with the three kinds of
aqueous extracts (extraction period: 24, 48 and 72 h) of the
decomposed leaves and soil leachates from beneath the two
weed species. Extracts from each extraction period were
replicated five times. Filter papers moistened with distilled
water constituted the control. All the petri dishes were kept at
room temperature in a growth chamber, and the plumule and
radicle elongation measurements were  recorded at 24 h inter-
vals for 6 days. The results obtained from the extract-treated
seeds were compared statistically (using t-test) with those
obtained from the control.

The results of different aqueous extracts from the decomposed
leaves of C. odorata and E. heterophylla on radicle and plu-
mule elongation of cowpea, respectively, are whown in Tables
1 and 2, which indicate that the extracts retarded elongation
of both radicle and plumule when compared to the control.
The degree of retardation, however, was not significantly dif-
ferent at 5% level. Also, the degree of inhibition between the
varying extract concentrations in respect of each species was
not significantly different from one another at 5% level. TheE-mail: josmodkay@yahoo.com
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