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Introduction

Industrialization and urbanization especially in developing
countries have gradually led to the accumulation of heavy
metals and petroleum hydrocarbons in the environment
(Adeniyi 1996; Bamgbose and Osibanjo 1998; Byomi et al
1999; Manay et al 1999; Ngodigha et al 1999; Yamasoe et al
2000; Adeniyi and Afolabi 2002).  Due to the high cost and
sometimes non-availability of conventional feeds, poultry
farmers and researchers have in recent years resorted to a
large scale usage of unconventional feeds for broiler rations
(Islam et al 1994; Fanimo et al 1996).

Substituted items for fish meal in conventional feeds like
shrimp waste meal and maggot meal, have been reported to
be of high nutritive value (Fanimo et al 2000; Oduguwa et al
2000).

Shrimp waste meal has been identified as an animal protein
source. The availability of shrimp both in off-shore water
and Lagos Lagoon amounts to about 300,000 ton per year
and they form the larger part of the catches of artisan fishermen
and commercial shrimp trawlers. The increase in shrimp
farming and production of shrimp waste meal, which is
basically the dried waste of the industry, consist of the heads,
appendages and exoskeleton (Fanimo et al 1996).

Despite, the increasing wide usage of shrimp waste meal in
unconventional broiler rations nothing has been reported on

the levels of potentially toxic heavy metals and total petroleum
hydrocarbons (TPH) in these feeds.  These contaminants may
accumulate in the poultry products at levels, which may
threaten public health ( Kan 1994; Tsuji  et al 1999).

Poultry droppings is a useful agricultural by-product but its
potential for environmental pollution requires attention (Van
der Watt et al 1994; Ihnat and Fernandes 1996; Martinez et al
2000).

This study was designed to determine the levels of cadmium,
lead and total petroleum hydrocarbons (TPH) in the shrimp
waste meal supplemented rations with a view to ascertain the
level of safety of these feeds considering the fact that
accumulation of these contaminants in the resultant poultry
products may not be ruled out.

Materials and Methods

Materials.The samples used for this study were collected
from the College of Animal Sciences Farm, University of
Agriculture, Abeokuta between September and November
2000.  The shrimp waste supplemented and control feeds were
classified into starter and finisher mash according to the
physiological stage of growth of the chicks.  The control diets
contained fish meal as the only protein source while in the
supplemented feeds, shrimp waste meal was used to replace
the fish meal in the control diets.  The diets were formulated to
contain the required levels of protein and energy for the
respective stages viz for starter feed and for finisher feed.

LEVELS OF TOTAL  PETROLEUM  HYDROCARBONS (TPH) AND HEAVY  METALS IN

SHRIMP  WASTE MEAL  SUPPLEMENTED  BROILER  FEEDS AND DROPPINGS

A A Adeniyi* a, O O Oduguwa b, O C Asunumeh b, Y O Ikekhua b and A O Fabiyi b

aDepartment of Chemical Sciences, Lagos State University, Ojo, P.M.B. 1087, Apapa, Lagos, Nigeria

bDepartment of Animal Nutrition, University of Agriculture, P.M.B. 2240, Abeokuta, Nigeria

(Received August 1, 2002; accepted February 4, 2003)
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The study determined the levels of cadmium, lead and total petroleum hydrocarbons (TPH) in shrimp waste meal
supplemented feeds and droppings of the broiler birds.  The samples were collected randomly over a period of two
months. Cadmium and lead were determined by atomic absorption spectrophotometry, while total petroleum
hydrocarbons (TPH) were determined gravimetrically by following standard methods.  The results show for cadmium
0.61 ±  0.48 µg / g and 0.81 ± 0.32 µg / g, respectively; 9.49 ± 2.24 µg / g and 11.49 ± 1.55 µg / g for lead; 369.00 ± 108.40
µg / g and 330.20 ± 59.03 µg / g for TPH, respectively for the starter and finisher feeds. The statistical analysis of vari-
ance reveal significant differences at 95% confidence level for lead and TPH compared with control samples. The
droppings of the broilers were also collected and analysed with statistically significant difference existing for lead.

Keywords: Shrimp waste meal, Total petroleum hydrocarbons (TPH), Cadmium, Lead, Contamination.

*Author for correspondence; E-mail: lekeadeniyi@yahoo.com
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PRODUCTION  OF BIOGAS AT MESOPHILIC  AND THERMOPHILIC  TEMPERATURES

Ismat Ali*  a, M Mohsin Ali a, M A Basit a and A Rasheed Khanb

aFuel Research Centre PCSIR,  Karachi - 75280, Pakistan

bH. No. R - 157, Abid Town, Gulshan - e - Iqbal 1 - 2, Karachi, Pakistan

(Received  February 28, 2002; accepted July 10, 2003)

Experiments were accomplished for the production of biogas using a slurry comprising 50% fresh buffalo dung and 50%
water at ambient and elevated temperatures. After 2 weeks, observations for the release of biogas were noted. It was
observed that with the increase of temperature, the rate of generation of gas was enhanced. A slurry containing 200 g fresh
buffalo dung and 200 g water produced 121.5 ml gas / day at an  average ambient temperature of 35°C, whereas at 45°C,
50°C, 55°C and 60°C, the average rates of gas generation were noted as 152.0, 221.5,292.0 and 354.0 ml / day. The volume
of 232.5 ml of biogas in excess was produced with the temperature difference of 25°C (60°C - 35°C). The input of 42000
joules of energy for heating 400 ml of slurry produced gas of 5196.375 joules. It shows that there is a loss of 36803.625
joules of heat which makes the process, thermally, not viable. Hence, ambient temperature is recommended for the produc-
tion of biogas for domestic plants.

Keywords: Buyffalo dung, Fermentaion, Biogas, Thermophilic temperatures.

Introduction

Biogas  generation is one of the techniques for the utilization
of animal, agricultural and industrial wastes, combating de-
forestation and better environment by disposing of wastes
beneficially. A voluminous work has been done on biogas
generation to improve the technology and to make it eco-
nomical (Christopher et al 1973; Govinda 1983; Narasim-
hamurty and Purush 1986; Ismat Ali 1987a;  1993b; and 1994c;
Kishore 1989; Kasali 1989; Liachena 1989; Qureshi 1989).
Biogas, generated from digestion of animal excreta, is com-
posed of methane (60 - 65%) and carbon dioxide (35 - 40%)
and traces of hydrogen sulphide (H

2
S) of heating value 22.35

MJ / m3. Usually, it is  being produced at ambient temperature
when the slurry containing cow / buffalo dung is kept in sealed
vessel at ambient temperature. The biogas produced is an ideal
domestic fuel for cooking and lighting. The gas is smokeless,
inexpensive and environment friendly as the raw material (ani-
mal refuse) is abundantly, available in the villages of devel-
oping / underdeveloped countries either free or at very reason-
able cost. On comparison, the cost of biogas with other do-
mestic fuels, it is found lowest / cheapest. The cost of biogas
is approximately Rs.100/- per Giga joule, whereas, the cost
of Liquefied Petroleum Gases (LPG), kerosene, charcoal,
wood are Rs.750/=, 400/=, 250/=, 180/=, for one Giga joule,
respectively. The cost of these fuels is constantly increasing
day by day. The only drawback of this technology is the low
rate biogas generation. It is 0.25 unit per unit of slurry per day
(Ismat Ali 1993). Attempts have been made to produce biogas

at elevated temperature to examine the enhancement in the
rate of biogas generation.

Since, the technology of biogas generation is simple and
straight forward, it does not need any technical skill to oper-
ate and maintain biogas plants. Hence, this technology is rec-
ommended for such areas (particularly villages) where natu-
ral gas is not available to meet domestic fuel requirements.
This paper describes the methods of biogas generation at
ambient and elevated temperatures (45°C, 50°C, 55°C, 60°C)
with a view to examine its economic feasibility.

Experimental

Material. Buffalo dung and water.

Procedure. In laboratory, 400 g slurry (buffalo dung + water
in equal proportion) was confined in one litter amber colored
reagent bottle stoppered and connected them with polythene
tubes to 10 litter aspirators as shown in Fig 1 (a & b). The
main aim of connecting the aspirators was to collect the gas
by displacing water and the displaced water was collected in
graduated cylinder. The amount of water collected in the cyl-
inder was assumed equal to the amount of the gas produced
per day. Five such sets of experiements were designed to ex-
amine the rate of gas generation. One of the set of experi-
ments was kept at ambient temperature, whereas, other four
sets of experiments were controlled at 45°C, 50°C, 55°C, 60°C
(Fig 1 a & b).

Analysis of animal excreta. Normally, animal  excreta
(buffalo dung) contains 80% moisture when fresh. It is in emul-* Authors for correspondence
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A FAMILY  OF ITERATION  FORMULAS  FOR THE DETERMINATION  OF THE ZEROS OF

A POLYNOMIAL

Stephen Ehidiamhen Uwamusi

Department of Mathematics, Faculty of Science, University of Benin, Edo State, Nigeria

(Received August 8, 2002; accepted July 31, 2003)
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We present a class of globally monotonically convergent iterative methods for the determination of zeros of a polyno-
mial. The proposed method uses the well-known Newton’s second order method as a basic ingredient to generate this
class of methods, following the approach of Petkovic and Trickovic as supported by Cauchy Schwartz inequality from
which come in hand three methods of fourth order. The obtained methods can be used to provide tight inclusion
conditioning bounds separating the sought zeros. This means that they always provide good numerical approximations
within the theoretical conditioning bounds. It is found that one of the fourth order methods so obtained competes most
favourably with any known methods for finding zeros of a polynomial.

Key words: Newton’s methods, Halley’s methods, Chevbyshev’s method, Polynomial zeros.

Introduction
When a zero seeking algorithm has local convergency pro-
perties, the iteration if it converges will display a doubling
phenomenon at each iteration. The point at which an iterative
sequence starts experiencing a contraction immediately an
iterative process is began called a point of attraction or else
we say that the iterative sequence diverges which is known
as point of repulsion. Of major importance in this paper is
the derivation of two new methods through the technique of
Petkovic and Trickovic (1995) as supported by the concept
of Cauchy - Schwartz inequality

where, Z
1
, Z

2
 ...Zn are the roots of polynomial of degree n for

the case of real simple zeros, given by: P(Z)  = ∑ aj Zj, a
j 
∈⊄.

It is found that one of the two new methods obtained com-
petes favourably with the popular Chevbyshev third order
method for the extraction of zeros of a polynomial.

In a note of passing we shortend notation by omitting the
argument Z from function such as P(Z), and write simply P.
We also denote the first three derivatives of a function P by
P′,P′′ and P′′′, respectively. It is also supposed that the func-
tions discussed in this paper has what ever number of C n+1

necessary on the interval.

Experimental

Derivation of the class of methods. The class of methods
under consideration is a particular case of a general one point
iterative formula considered in Petkovic and Trickovic (1995)
as well as Milovanovic (1974) which is as follows, we define:

    1
Z - Zi

∑
    1
Z - Zi

≤ n ∑

Z
i
(k+1) = g′ (Z (k)), (k = 0, 1...)             (2.1)

where; g (Z) → Z
i
 - Φ(Z

i
) as a one point method.

Observe that Φ(Z
i
) is a rational map which converges such

that: Z k+1 - Z k → 0.

For m ≥ 2 an interative method of order m could be modified
(see, Petkovic and Trickovic (1995) for more details) such that:

In this paper, starting from Newton’s Second order method we
shall generate such higher methods which are structurally
similar to those obtained by Jarrat (1968). Method (2.2) is a
major plank in which our derivation heavily leans on.
Define Newton’s formula as:

In view of (2.1) and (2.2) we write (2.3) in the form:

Z
i
(k+1) = Z

i
(k) _  Φ(Z(k)) (1+     g ′ (Z

i
(k)))    (2.2)

 1
m

Z
i
(k+1) = Z

i
(k) _       (k = 0, 1....)     (2.3)

p′
p′
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Method (2.4) is the Chevbyshev third order method and con-
sider method of Jarrat (1968) for more details.
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THE EFFECT OF FRESH AND AGED CASSAVA PROCESSING EFFLUENT  ON THE

PHYSIO - CHEMICAL  PROPERTIES OF SOIL

J E Ebhoaye* and J O Dada

Department of Chemistry, Ambrose Alli University, Ekpoma, Nigeria

(Received November 27, 2002; accepted August 21, 2003)

Fresh Cassava processing effluent was obtained from a Cassava processing mill in Ekpoma, Edo State. One half of the
fresh effluent was used to pollute top soil while the second half was aged for 7 days before use. The relative effects of the
fresh and aged Cassava effluents on the physio - chemical properties of soil were determined. The effects of pollution
varied with the soil/effluent contact period and the nature of the effluent. The result showed increase in the levels of pH,
organic carbon, phosphorus, sodium, potassium; and decrease in calcium, magnesium and nitrogen in the soil after treat-
ment with the effluents. There were no marked differences in the particle size distribution nature of the soil and the level
of the exchangeable acidity after treatment with the effluents. The results showed that the disposal on the top soil of fresh
and aged Cassava processing effluent could have diverse effects on the nutrient availability in the soil.

Key words: Cassava, particle size, Dicotyledon plant, Euphorbiaceae.

Introduction

Cassava  (Manihot esculenta Crantz) is a dicotyledon plant
belonging to the family Euphorbiaceae. Its tuberous roots are
valuable source of cheap calorie,especially in developing
countries where calorie deficiency and malnutrition are wide
spread. Cassava is well - cultivated in all the tropical regions
of the world (Nestel 1973).

Two main types of Cassava are cultivated in Nigeria; namely,
the “sweet” variety, which has low content of cyanogenic gly-
cosides, and the “bitter” variety, which has high cyanide con-
tent. The utilization of Cassava roots for both human and
animal nutrition appears to be limited by the presence of the
cyanogenic glycosides. As a result a  number of traditional
methods (Rosling 1988) have been used to process Cassava
tubes in order to reduce toxicity and improve palatability.

Garri, the form in which Cassava is most widely consumed
in Nigeria, is derived from the roots by peeling away the back
of the Cassava tuber, grating the tuber, dewatering and fer-
mentation of the grated pulp and then roasting of the result-
ant mash. Garri is probably the most important single tradi-
tional stable food in West Africa, and it is estimated that about
70% of the total Cassava grown in Nigeria  are channeled
into garri production (Olayide et al 1972). The annual output
of garri in Nigeria has been estimated as 1.5 - 2 million metric
tones, amounting to a monetary turnover of N150 - 200
million (Ngoddy and Kaplinsky 1968). The large volume of
wastewater generated in the processing of Cassava is often

discharged untreated into the environment. In this study,
the relative effects of fresh and aged Cassava processing
effluents on the physio-chemical properties to top soil are
examined.

Experimental

Collection of soil sample and Cassava effluent. The soil

sample used for this study was collected from a fallow
land in Ekpoma. Composite topsoil (0 - 15cm) sample was
collected, air - dried, crushed, mixed, sieved through 2mm
sieve and stored in a plastic container. The soil sample was
characterized in terms of pH, organic carbon, exchangeable
bases and acidity, nitrogen, phosphorus and particle size
distribution.

Fresh  Cassava processing  effluent was collected at a Cas-
sava processing mill  in Ekpoma. One half of the Cassava
effluent was aged (allowed to stand) for 7 days before use.
The fresh and aged samples of the effluents were character-
ized in terms of pH, organic carbon, nitrogen, phosphorus,
exchangeable bases and cyanide content.

Treatment of the soil sample with Cassava effluent. Three
hundred g of the soil samples were separately weighed into
ten plastic containers. Five of the weighed soil specimens were
mixed thoroughly with 100ml of fresh effluent and air - dried
for 5,10,15,20, and 25 days respectively. The samples were
designated F

5
, F

10
,F

15
,F

20
 and F

25
. Remaining five samples were

treated in the same manner with aged Cassava effluent. The
samples were designated A

5
, A

10
, A

15
, A

20
, and A

25
. The fol-* Author for correspondence
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GEOCHEMICAL  AND FLOTATION  STUDIES OF COPPER ORE OF NORTH WAZIRSTAN
AGENCY

M  Riaza, V Hussainb*, K Faridullah a, Mumtaza, N Jana, K Khana

a)  PCSIR Laboratories, Jamrud Road, Peshawar, Pakistan

b) Department of Geology, University of Karachi, Karachi 75270, Pakistan

(Received  May 9, 2002;  accepted  August 23, 2003 )

Important copper deposits of North Wazirstan Agency are confined to Shinkai and Degan Paikhel areas Miran Shah
Town. The copper mineralization in these areas is of native and sulphide types as veins, veinlets, stringers and rims
around fragments and associated with cupriferous breecia. The cupriferous massive sulphides occur in basalts belonging
to obducted ophiollite complex. An average copper contents of 17 ore samples is 0.45%. The flotation results show that
maximum liberation of chalcopyrite with gangue minerals occurs at - 63 (240 mesh) size. The complex nature of valuable
minerals with gangue does not hinder the separation of copper from the gangue materials. Results show that the copper
contents of the ore were enhanced from 0.5% to 24.0% in the concentrate. For ensuring better results about grade and
recoveries, further  studies on second and third stage flotation are needed.

Key words: Copper mineralization, Sulphide, Ophiolite complex, Froth flotation.

Introduction

The Miran Shah is the head quarter of North Wazirstan in the
North West Frontier Province. Important copper deposits have
been found at Shinkai near Boya located (longitude 69°, 55°

E and altitude 32°, 57° N) at a distance of 19 km from Miran
Shah and in the adjoining areas of Deggan and Khaddar Khel
(Badshah 1983). A number of chromite and manganese de-
posits have also been reported from the North Wazirstan
Agency. Important occurrences of copper are confined to
Shinkai and Deggan Paikhel areas near Miran Shah Town.
The mineralization in these areas is characterized as copper
native and its sulphides are generally associated with breecia
and occurs  as veins, veinlets, stringers and rims around frag-
ments (Khan 1998). Present work deals with geochemical
and flotation studies of Shinaki copper ore and its associated

rocks to assess the economic potential of these deposits.

Geological setting. The Wazirstan plateau overlooks the

vast Bannu  - D.I. Khan  predominant  plane in the east, which
is part of the desert fringe zones of Indus basin. The eastern
abutment of Wazirstan plateau is a thousand feet thick deltaic
mass where thin interbedded Cretaceous limestone,
shale,siltstone, Eocene limestone and shale are encountered .
These rocks are intensely folded and thrust eastward on
younger Muree Siwalik - Molsse Group of rocks. The west-
ern part of Wazirstan constitutes a complex igneous belt char-
acteristic of tectonic activity at plate scale. The belt repre-

sents collision suture zone between Indo - Pakistan plate to
the east and Kabul plate to the west. The intense folding of
Cretaceous rock at the eastern contact of the igneous complex
is indicative of allochthonous emplacement of ophiolites
(Badshah 1983).

The igneous belts extend  from north east to south west and
consists of ultramafic masses, mafic to acidic injections and
ultrabasic to basic volcanics. The ultramafic rocks consist of
harzbergite, pyoxenite, peridotite and dunite which are gen-
erally altered and serpentinized. The intrusives, subordinate
on occurrence comprise of diorite, quartz diorite, micro -
quartz diorite, granodiobite and gabbro. Volcaic rocks include
fine grained porphyritic pillow basalts and andesites with sub-
ordinate breecia and minor dacites, tuffs and agglomerates
(Badshah 1983).

The ophiolites are generally dismembered and have a com-
plex geological configuration (Afridi et al, 1991). On a re-
gional scale, however, the ophiolites can be roughly identi-
fied into a basal,part of ultrabasic, an intermediate zone of
sheeted dykes or sills and a zone of basaltic and andestie pil-
low lavas. Presence of jasperites is considered to represent
the pelagic sediments hosting manganese oxide deposits.
Chromite deposits occur in serpentinized dunites, manganese
oxide deposits occur in sediments and cupriferous massive
sulphides are hosted in basalts which occur in obducted
ophiolitie complex and ophiolitic melange along the colli-
sional suture zone in the Indian and Eurasuian plates.* Author  for correspondence
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Introduction

The alkylation of biphenyl was first carried out in the prese-
nce of BF3 catalyst (Romadane 1957, 1959; Romadane et al
1957). Based on their work in the 1950s, the products were
mixtures of 4 - alkyl - and 4, 4 - dialkylbiphenyl. Although, vari-
ous fluorenyl - silanes, i.e. dimethylbis (9 - fluorenyl)  silane
(Patsidis et al 1996; Resconi et al 1996) and dimethyl (9 - fluo-
renyl) cyclopentadienylsilane (Silaghi et al 1995) are known to
be prepared from lithiation reaction of fluorene, the cyclization
of biphenyl with alkyl halides containing silyl groups has
never been reported.

The present paper describes synthesis of new fluorenyl deri-
vatives containing silicon metal as precursors for blue - light -
emitting polyfluorenes. 9 - (2 - trichlorosilylethyl)fluorene and
9 - methyl - 9 - (2 - trichlorosilylethyl)fluorene were synthesized
through cyclization reactions of biphenyl with dichloropro-
pyltrichlorosilane and dichlorobutyltrichloro - silane, in the
presence of anhydrous aluminum chloride. All these com-
pounds were structurally identified by GC / MS, 1H and 13C -
NMR spectroscopy.

Experimental

All reactions were carried out under nitrogen atmosphere. All
glassware used was flame - dried or oven - dried before use.
Solvents were purified using standard purification procedures
(Perrin et al 1980). Anhydrous aluminum chloride, trichloro-
silane, H2PtCl6 (0.1M solution in IPA), triphenylphosphine,
PdCl2 and 1,3 - butadiene were purchased from Aldrich Chemi-
cal Co. and used without further purification. Biphenyl was
purchased from Yakari Pure Chemical Co. while 3 - chloropro-
pyltrichlorosilane and trichlorosilyl - 2 - butene were prepared
by the reported procedure (Tsuji et al 1974). Dichloropropyl-
trichlorosilane and dichlorobutyltrichlorosilane were pre-
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SYNTHESIS AND CHARACTERIZATION  OF SILYL  - GROUP - CONTAINING  FLUORENES

Shah Alam Khan* and Mahtab Faisal

PCSIR Laboratories Complex, Jamrud Road, Peshawar - 25120, Pakistan

(Received November 11, 2000; accepted January 6, 2004)

Cyclization reactions of biphenyl with dichloropropyltrichlorosilane and dichlorobutyltrichlorosilane in the presence of
anhydrous aluminum chloride catalyst gave 9 - (2 - trichlorosilylethyl)fluorene and 9 - methyl - 9 - (2 - trichlorosilylethyl)
fluorene along with isomeric uncyclized products. All the compounds were structurally identified by GC / MS, 1H and
13C - NMR spectroscopy.

Key words: Cyclization of biphenyl, Friedel - Crafts alkylation, Chlorosilyl - ethyl fluorenes.

pared by passing chlorine gas through 3 - chloropropyltrichlo-
rosilane and trichlorosilyl - 2 - butene respectively.

All air - sensitive liquids and dried solvents were transferred
by standard syringe or double - tipped - needle technique.
Reaction products were analysed by GLC using a capillary
column (SE - 30, 30m) or a packed column (10% OV - 101 on 80
- 100 mesh Chromosorb W / AW, 1 / 8 in x1.5 in) on a Varian
3300 gas chromatograph equipped with a flame ionization
detector or a thermal conductivity detector. The samples for
characterization were purified by preparative GLC using a
Varian aerograph series 1400 gas chromatograph with a ther-
mal conductivity detector and a 2m by 1 / 8in. stainless steel
column packed with 20% OV - 101 on 80 - 100 mesh chromo-
sorb P / AW. Mass spectra were obtained using a Hewlett -
Packard 5890 Series II gas chromatograph equipped with a
5972 mass selective detector.

NMR spectra were recorded on a Varian spectrometer using
samples in CDCl3 solution, 1H - NMR spectra at 300 MHz and
13C NMR at 75.4 MHz.

Syntheses. 9 - (2 - Trichlorosilylethyl) fluorene (1). Biphe-
nyl, 80g (519 mmol) and anhydrous aluminum chloride, 4.8g
(36 mmol) were charged into a 500c.c. 2 - neck flask attached
with a reflux condenser. Biphenyl was allowed to melt under
N2 atmosphere. While it was stirring, dichloropropyl - trichloro-
silane, 64g (259.7 mmol) was added very slowly via a syringe.
HCl evolution was noticed. The reaction mixture was kept at
130°C for 2 h after that it was worked up by deactiva-ting the
AlCl 3 with POCl3, 6.6g (43.2 mmol). The reaction mixture was
then extracted with dry n - hexane. Low boilers were removed
using bulb to bulb distillation, while high boilers were distilled
out under vacuum. The product along with the isomers were
collected at a b.p. of 130 ~ 134°C / 0.2 torr. Pure 9 - (2 - trichloro-
silylethyl)fluorene, 38.28g was obtained through recrystal-
lization  from dry Et2O in 45% yield, based on silane used.*Author for correspondence
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Introduction
Fusarium oxysporum f. sp. ciceris is the most devastating
disease resulting in 10 - 50% crop loss every year in Pakistan.
The fungus is seed borne as well as soil borne and can survive
in the soil for more than five years. Moreover, it has some
symptom - less carriers like lentil and peas (Saxena and Singh
1987) and it is impracticable to control the disease by using
fungicides and through crop rotation. Use of resistant varie-
ties is the best way to control the disease. But due to absence
of true resistance in chickpea against wilt disease and a conti-
nuous problem of the occurrence / development of new patho-
genic races (Jimenez - Diaz et al 1989) it has become difficult
to overcome the yield losses.

Isolates of the pathogen induce yellowing or wilt syndromes
as a result of vascular infections and both pathotypes showed
varying degree of pathogenicity towards chickpea lines. Seven
races of FOC have been identified by their differential inte-
ractions with chickpea lines (Haware and Nene 1982; Trapero
- Cases and Jimenez - Diaz 1985; Jimenez - Diaz et al 1989).
The underlying mechanism for varying pathogenicity /
virulence is still unclear. Several biochemical phenomenons
have been reported in plant - microbe interactions where
phytotoxins (Yoder 1980; Alam and Iftikhar 1996), fungal
enzymes including pectic enzymes, cutinase enzymes etc.

BIOCHEMICAL CHANGES IN CHICKPEA ROOTS AFTER INOCULATION WITH VIRULENT

AND HYPOVIRULENT. ISOLATES OF FUSARIUM OXYSPORUM F. SP. CICERIS

Iftikhar A Khana, S Sarwar Alama* and Abdul Jabbarb

aNuclear Institute for Agriculture and Biology, P O Box 128, Jhang Road, Faisalabad, Pakistan
bDepartment of Chemistry, Islamia University, Bahawalpur, Pakistan

(Received April 30, 2002; accepted September 5, 2002)

Total phenolic contents increased in the roots of susceptible and resistant varieties of chickpea after inoculation with the
virulent as well as hypovirulent isolates of Fusarium oxysporum f. sp. ciceris (FOC). Highest increase was observed
against the highly virulent isolate 9718 in the roots of Aug - 424 and CM 98. While least increase was found against less
virulent isolates viz. 2002 and 2014. Increases in total phenols were more in resistant variety as compared to susceptible
one. Inhibition of total phenols was observed in the roots of both varieties nine days after germination by the isolates
2012, 9718 and 2002. No reduction in phenols of both varieties was observed against less virulent isolate 2014. The
biautography of the developed TLC by using Cladosporium cucumerinum revealed that two inhibition zones were produced
by both the varieties against all the FOC isolates. Highest expression of total phenols in chickpea roots was found by the
most virulent isolate 9718 followed by 2012 and 2002, reduction was more in CM 98 as compared to Aug - 424. The
results suggest that the virulent and hypovirulent isolates produced non-specific elicitors while specific suppressors were
produced by the isolates 9718, 2012 and 2002.

Key words: Fusarium oxysporum f. sp. ciceris, Virulent, Phenols, Elicitor, Suppressor.
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Kollattukudy (1985); Artes and Tena (1990) or suppressors
(Hiramatsu et al 1986) have been found as pathogenicity /
virulence factor. Elicitor’s production by the pathogen has
also been referred as a virulence factor in many cases (Deverall
and Deakin 1985; De Wit et al 1985). A great deal of work has
been done on the production of elicitor / suppressor of Asco-
chyta rabiei causing blight of chickpea (Kessmann and Barz
1986) but no reports are available about FOC.

The objectives of the present studies were to identify the pos-
sible mechanisms regarding elicitor / suppressor production
by the hypovirulent / virulent isolates of FOC.

Materials and Methods
Chickpea material. Two chickpea varieties Aug - 424 (sus-
ceptible) and CM 98 (resistant) were used in this study.

Fungi. The two virulent strain 2012 (virulent) and 9718 (highly
virulent) and two hypovirulent isolates 2002 and 2014 of
Fusarium oxysporum f. sp. ciceris (Isolated from the diseased
chickpea samples collected from Thal, Punjab, Pakistan,
during a survey in 2000), were used in this study.

Estimation of total phenols. Wilt, sick soil was prepared as
described by Nene et al (1981) and filled in small plastic pots
(4''x4''x4''). Ten seeds of each variety were sown in one pot
in three replicates. The fresh roots of both varieties were
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ANTIBACTERIAL  ACTIVITY  OF PAKISTANI  RHAZYA STRICTA

Shahnaz Ahmad*, Kaneez Fatima and Atiq-ur-Rahman
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(Received December 6, 2001; accepted  June 23, 2003)

The crude ethanolic extract of Rhazya stricta Dcne; (Family, Apocynaceae) was tested, on the basis of medicinal and
folklore reports for antimicrobial activity against a wide range of gram - positive and gram - negative organisms. Leaves
extract was found to be more active as compared to other parts exhibiting 69.23% and 66.66% activity against gram -
positive and gram - negative organisms respectively. Seeds extract exhibited maximum inhibitory activity (“A” category
zone) i.e. 23.07% and 16.66% against gram - positive and gram - negative organisms respectively as compared to other
parts of Rhazya stricta. Reference standard i.e. co-trimoxazole exhibited only 7.69% “A” category zones against gram -
positive organisms only.

Key words: Rhazya stricta, Apocynaceae, Antibacterial activity.

Introduction

Recognition, importance, necessity and potentiality of medi-
cinal plants in present day practice cannot be overlooked. They
are still being used as a source of medicament for a variety of
diseases, not only by rural population but also by socio - cul-
tural system of people with fair amount of success having no
scientific information.

Rhazya stricta Dcne., commonly known as Sundwar, Sewar
or Gandera, belongs to the family Apocynaceae - an alkaloids
bearing family. It comprises of 300 genera and 200 species.
Found abundantly in Pakistan and is an endemic flora of Sind
(Hooker 1875, Salimuzzaman et al 1966, Baqar 1967 & 1989 and
Khan et al 1979). The plant is well known for its antitumor
activity (Watt 1892 & Sarfaraz et al 1972). In indigenous sys-
tem of treatment, the plant is used as an effective remedy for
boils, eruption, syphilis, sore throat, fever, rheumatism, pain
and painful affections and in general debility (Watt 1892,
Kirtikar et al 1933 & Chopra et al 1956).

Earlier studies indicates that the plant has been a subject of
number of chemical investigations, which have revealed the
presence of a large number of indole alkaloids whose struc-
ture have been elucidated using modern spectroscopic tech-
niques (Chatterjee et al 1961, Salimuzzaman 1966, Mukh-
opadhayay et al 1981, 1983 and Atta - ur - Rahman et al 1982,
1989 & 1995; Gerasimenko  et al 2001, Stockigt et al 2002).
These alkaloids are reported to exhibit hypotensive, antispas-
modic, antidiabetic (Tanira et al 1996 and Ali et al 1997) anti-
inflammatory (Wasfi et al 1995) antimicrobial (Mariee et al 1988,
Bashir et al 1992 & 1994) and antineoplastic (Mukhopadhyay
et al 1981 & 1983) activities.

Keeping in view, the reported medicinal properties related to
this plant, it was thought to exploit Rhazya stricta plant bio-
logically for its antimicrobial activity. The present work invol-
ves the antibacterial activity of different parts i.e. leaves, roots,
fruits and seeds of Rhazya stricta plant. This plant is also
available in other parts of the world. On the other hand, it will
also give a new challenge to strike new sources of medica-
tions as claimed by folklore practitioners on firm footed scien-
tific evaluations.

Materials and Methods

Collection and identification of plant material.The
plant material was collected from the suburbs of Karachi. Prop-
erly identified by a taxonomist and a voucher specimen was
deposited in the herbarium of Applied Biology Research Cen-
tre, PCSIR  Laboratories Complex, Karachi.

Preparation of extract. Each part of the collected plant
material i.e. leaves, roots, fruits and seeds were individually
washed and dried in oven at 45°C ± 5°C. The dried and milled
part of Rhazya stricta was extracted with 95.00 % ethyl alco-
hol (100 g per 1.25 lit) at room temperature. Solvent was al-
lowed to remain in contact with each part of plant material for
48 h with continuous agitation for 6 h per day, then decanted
and pooled. Process was repeated thrice in order to obtain the
maximum quantity of the extract. Pooled solvent was remo-
ved under vacuum at 40°C ± 1°C. This afforded a crude etha-
nolic extract. Percentage yield of each part i.e. leaves, roots,
fruits and seeds was calculated as 7.40%, 5.20%, 3.20% and
2.10% respectively.

Preparation of solution. All extracts were dissolved in an
aqueous ethanolic solution (25.00%) with 2.50% Triton as an* Authors for correspondence
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RECYCLING  OF SUGARCANE INDUSTRIAL  WASTE AS A BIOFERTILIZER  THROUGH

COMPOSTING
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About 500 tons of industrial wastes (liquid and solid) being discharged daily from sugar factory during crushing season
and presently dumped in vicinity of the sugar factory. The quantity of wastes, however, depends on the crushing capacity
of sugar mills. Studies for recycling and composting of sugarcane industrial waste press mud, boiler ash and distillery
waste water, as a biofertilizer, was carried out at Habib Sugar Mills Ltd., Nawabshah, Sindh, Pakistan. Samples of waste
were collected for analysis from dumping ground. By mixing the heaps of press mud and boiler ash, 3:1 ratio was formed.
Each heap was sprinkled with distillery waste water for two months with regular interval of one day. Two manual turning
of heaps were done to maintain the temperature during the curing period and thereafter allowed for 3 months for decom-
position and humus formation. Based on physico-chemical analysis of finished product, it is estimated that each ton of
biofertilizer contains value-added nutrient of Rs.2897/= when compared with chemical fertilizer other than the soil amend-
ment characteristic. The cost effectiveness of the biofertilizer for millers and farmers were about Rs.1:4 and Rs.1:12,
respectively.

Key words: Sugarcane industrial waste, Compost, Biofertilizer, Press mud, Bioler ash, Distillery waste water.

Introduction

Urbanization, modernization and industrialization have incre-
ased solid waste generation, one of the major environmental
problems being faced by the world today. This situation leads
to solid waste management to cope with the situation that
generally starts with the possible reduction of waste genera-
tion at source, then to reuse and recycle waste materials if
possible. The left over material, at the end, is subjected to
disposal. Generally, solid waste is disposed off in three ways
i.e. incineration, sanitary landfill and composting.

Composting is a process in which biodegradable organic
material is converted into soil conditioner that can be used to
improve soil fertility. Developing countries like Pakistan can
afford landfill and composting techniques to dispose off
solid waste. Preferably, the biodegradable solid waste should
undergo composting that results not only into the solid waste
disposal but also provides useful product that can improve
soil condition and will reduce expensive chemical fertilizer
use. Use of chemical fertilizer has number of environmental
problems that can be limited in this way (Khan 1996). To im-
prove the soil fertility, the use of organic manure has a vital
importance, but unfortunately farmers rarely applied the
natural manure mostly due to unavailability and lack of
knowledge.

* Author for correspondence

In Pakistan, 74 sugar manufacturing industries are involved in
sugarcane crushing and produced 3.2 million tons of sugar dur-
ing 1998 - 1999 (Anonymous 1999). It was reported that the
average amount of nutrient, i.e. N, P, K, Ca, Mg, S, Fe, Mn, Zn
and Cu removed by 100 MT of cane were 148.00, 123.00,
238.00, 42.00, 39.00, 38.00, 7.50, 4.12, 0.50, and 0.10 kg, re-
spectively (Calcino 1995). Since millions of tons of sugarcane
industrial wastes (filter cake, boilers ash and distillery waste
water) is being discharged each year and dumped in the vicinity
of factories. These wastes carry sufficient amount of macro and
micronutrients (Subba 1985). These nutrients could be effec-
tively recycled for soil improvement (Hussein and Anjum 1999).
Organic materials not only improve the soil fertility but also
lessen the demand of chemical fertilizer. The major factor be-
hind this low yield is seemed to be unbalanced fertilizer. Since
last couple of decades growers mostly depend on NPK chemi-
cal fertilizers for crop production. This indiscriminate use of
chemical fertilizer has led to massive depletion of organic mat-
ter, accumulation of deleterious salts and increased the soil pH
as well (Arain et al 2000).

Sugarcane is one of the major cash crops of Pakistan. The
total area under cultivation of sugarcane during 1998 - 1999
was 1.155 million hectare and the estimated yield was 55.19
million tons (Anonymous 1999). In this way, per hectare yield
is about 48 tons / ha. The yield is quite low as compared to
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Introduction

Trace elements are widely distributed in nature in variable
proportions and they play a vital role in the growth, health
and maintenance of human body, in the same way as the pro-
teins, vitamins, and other essential nutrients do. While the
trace elements are of great interest and importance, for their
therapeutic efficacy, their total or partial lack may result in
characteristic pathological deficiency signs and symptoms.
Therefore, daily intake of trace elements should be such that
their lack does not lead to any diseases / disturbance (Bukhari
et al 1987).

Medicinal plants play an important and vital role in traditional
medicine. In most developing countries, most of the flora re-
main virtually unexplored from point of view of the medicinal
utilization through traditional eastern system of medicine. In
the present studies, twelve trace elements Cu, Zn, Mn, Fe, Co,
Ni, Cd, Pb, Cr, Ag, Na and K have been estimated in the fol-
lowing three indigenous medicinal plants.

1. Cymbopogon citratus (DC) Stapf.
Family Gramineae (Chopra et al 1958)

2. Raphanus sativus Linn.
Family Cruciferae (Nadkarni 1954; Chopra et al 1958;
Watt  et al 1962)

3. Zea mays Linn.
Family Gramineae (Watt et al 1962)

These plants are used as a diuretic and also used for the
treatment of cancer, cardiovascular diseases and hypercho-
lesterolemia ( Nadkarni 1954; Chopra et al 1958; Watt et al
1962).

Materials and Methods

Seeds of Raphanus sativus Linn. (Voucher No. 501) and stigma
(corn silk) of Zea mays (Voucher No. 502), one kg each, were
purchased from local market and leaves of Cymbopogon
citratus (DC) Stapf. (Voucher No. 499) were taken (cultivated
in PCSIR Laboratories Complex, Karachi and identified by the
Pharmacognosy Section of this laboratory). The sample leaves
of Cymbopogon citratus (DC) Stapf., seeds of Raphanus
sativus Linn. and corn silk (stigmata) of Zea mays Linn. were
separated, washed, oven dried, powdered, ignited in muffle
furnace at 550°C to obtain ash of various parts and then used
for the analysis.

1. Instruments. i. Hitachi Z-8000 Atomic Absorption Spec-
trophotometer equipped with Zeeman background correction
and a data processor was used for elemental analysis of the
samples.  ii. Sodium and potassium were estimated by flame
photometer (Corning Model 410).

2. Procedure. 1.0 gm of ash was digested with 10.0 ml
concentrated nitric acid (Analar) (HNO

3
) in acid washed

pyrex tube at 120°C till the solution was clear and volume
was reduced to about 1.0 ml. The solution was made upto
10.0 ml with double distilled water. Similarly, a blank sample
was also prepared. Estimations were made using standard
addition technique. The dilutions were made such as to
keep the concentration of different elements within the
linear range of absorbance (Williams 1984). Sodium and
potassium were estimated by flame photometer (William
1984).

3. Calibration. Calibration curves were prepared for each
element keeping in view their linear working ranges.
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TRACE ELEMENTS  IN INDIGENOUS MEDICINAL  DIURETIC  PLANTS IN HUMAN

HEALTH  AND DISEASE (CYMBOPOGON CITRATUS (DC) STAPF., RAPHANUS SATIVUS

L INN. AND ZEA MAYS L INN.)
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Three indigenous medicinal plants reported to be diuretic have been selected for the study of trace elements and their possible
role in human health. Twelve trace elements (Cu, Zn, Mn, Fe, Cu, Ni, Cd, Pb, Cr, Ag, Na and K) have been detected and
estimated in ash of various parts (leaves of Cymbopogon citratus (DC) Stapf., seeds of Raphanus sativus Linn. and corn silk
of Zea mays Linn.).

Key words: Diuretic medicinal plants, Trace elements, Cymbopogon citratus, Raphanus sativus, Zea mays.
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Introduction

Fodder crops play a pivotal role in the dairy industry. These
crops are equally important for draught - adapted animals such
as camels, bulls, horses and mules etc. Generally, these crops
are planted as secondary crops. Therefore, little attention is
devoted to fertilization, planting density and plant protection
measures. Efforts have been made to enhance the yield of
fodder by different cultural means such as fertilizer, sowing
methods, irrigation etc. However, little attention has been paid
to fodder crops diseases that should be considered as one of
the important causes for poor vigour and low yield. Oat (Avena
sativa L.) is one of the major Rabi fodder crops. It is mainly
sown around the big cities, at dairy farms and remount depots
for feeding of cattle and draught - adapted animals.

Oats are attacked by many diseases, of which seedling blight
and leaf spot [Drechslera avenae (Eidam) Scharif], seedling
blight and root rot [D. sorokiniana (Sacc.) Subram and Jain],
Victoria leaf blight [D. victoriae (Meehan and Murphy) Subram
and Jain], snow mould and brown foot rot [Fusarium nivalae
(Ces. Ex Berl. and Voglino)], leaf blotch [Septoria avenae (A.
B. Franke)] and loose smut [Ustilago avenae (Pers.) Rostr] are
of major importance in the world (Neergaard 1979). In Pakistan,
efforts have been made to enhance the yield by developing
high yielding cultivars and adopting advanced agronomical
practices but little attention has been given to the health status
of seeds of fodder crops that is one of the main reasons of low
yield.

SEED - BORNE MYCOFLORA  OF OATS IN THE PUNJAB

Altaf Hussain Tariq, Saeed Ahmad, Muhammad Arshad Hussain, Lal Hussain Akhtar*, Muhammad Arshad
and Sabir Zameer Siddiqui

Regional Agricultural Research Institute, Bahawalpur, Pakistan

(Received May 10, 2003; accepted September 30, 2003)

Twenty - eight seed samples of eight oats (Avena sativa L.) cultivars were collected from Sargodha, Faisalabad and
Bahawalpur districts of the Punjab, Pakistan during 1999 - 2000 and analyzed for seed - borne mycoflora during 2000 -
2001. Four genera and nine species of fungi were identified at different frequencies. Drechslera avenae and D. sorokiniana,
known pathogens causing pre - and post - emergence seedling blight and leaf spot in mature plants were detected in 67.80
and 53.60% of the seed samples with maximum infection of 34.00 and 6.00%, respectively. Phoma sp. was found in
46.40% of the sample with a maximum infection of 16.00%. Phoma is a new pathogen recorded on oats in Pakistan. All
these fungi were found equally pathogenic and caused 86.00, 67.80 and 86.70% pre - and post - emergence seedling
mortality in pathogenicity test. These pathogens produced almost the same type of symptoms on roots and leaves. In two
samples Cephalosporium sp. was recorded in high frequencies (up to 66.00%) but did not show any pathogenic effect on
seeds and seedlings. The observed association of different fungi with oats seeds in the present study indicates the need of
thorough survey for these and other pathogenic fungi.

Key words: Avena sativa, Seed - borne fungi, Seed germination.
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In the light of the importance of seed - borne pathogens in
oats and the limited information on such aspects, present study
was initiated to find out the health status of oats seeds in the
Punjab and the influence of important fungi on germination
of oats seeds.

Materials and Methods

Twenty - eight seed samples (about 1.5 kg) of oats cultivars;
Algerian, Avon, Early miller, Fullgrain, Kent, Palestine, PD2

LV65 and SSII were obtained from the Fodder Research
Institute, Sargodha, the Fodder Research Sub Station,
Faisalabad and the local markets of Bahawalpur from crops
harvest of 1999 - 2000. Four hundred seeds taken randomly
from each sample were analyzed for the presence of seed
mycoflora by following standard blotter paper method (ISTA
1993) at the Regional Agricultural Research Institute,
Bahawalpur. Twenty - five seeds were plated in each petri
dish (9 cm dia) containing three layers of blotter paper well
moistened with sterilized water. The petri dishes were
incubated at 22 ± 2°C for seven days under 12 h alternate
cycle of light and darkness. Fungi developing on seeds were
examined and identified on the 8th day under the stereosco-
pic microscope and high magnification of the compound
microscope (Ellis 1971; Paul et al 1983). The isolates were
purified and maintained on potato dextrose agar (PDA) media
for further confirmation of identification and pathogenicity
studies. Heavily infected seeds of important isolates of
Drechslera avenae, D. sorokiniana, Phoma sp. and Cephalos-
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EFFECTS OF NITROGEN AND COPPER FERTILIZATION  ON RICE YIELD  AND FERTIL -
IZER  NITROGEN EFFICIENCY : A 15N TRACER STUDY

A T M A Choudhury* and Y M Khanif

SUNFix Centre for Nitrogen Fixation, Faculty of Agriculture, Food and Natural Resources,Ross Street Building
A03, The University of Sydney, NSW 2006, Australia
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A greenhouse experiment was conducted at University Putra Malaysia to evaluate the effects of nitrogen (N) and copper
(Cu) fertilizations on rice yield and fertilizer N efficiency using 

15
N tracer technique. Four rates of N (0, 60, 120 and 180

kg N ha-1 and three rates of Cu (0, 5 and 10 kg Cu ha-1) were used in this study. Nitrogen was applied as 
15

N tracer
technique. Four rates of  N (0, 60, 120 and 180 kg N ha-1) and three rates of Cu (0, 5 and 10 kg Cu ha-1) were used in this
study. Nitrogen was applied as 

15
N labelled urea. Grain yield increased significantly due to N fertilization up to 120 kg N

ha-1. Regression analysis indicated that grain yield response due to N fertilization that was quadratic in nature. Estimated
N rate for maximum yield was 158 kg N ha-1. Copper application did not increase grain yield although the soil was
deficient in Cu. The 15N atom excess percentage in both grain and straw, and fertilizer N uptake by rice plant increased
gradually with increasing N rates. Recovery (%) of fertilizer N was around 40% irrespective of N and Cu rates. The non-
significant effect of Cu might be due to higher Cu adsorption in the soil. Plant analysis results indicated that Cu content
in the straw was below the critical deficiency level of 6 mg kg-1. These findings indicate that higher rate of Cu fertilizer
(above 10 kg Cu ha-1) may be useful in this soil to increase rice yield and fertilizer N efficiency if Cu is applied as basal.
Alternately, Cu may be applied as foliar spray on standing crop to avoid Cu adsorption in the soil. Further, research is
needed to find out the optimum Cu rate and method of application for this soil.

Key words: Nitrogen, Copper, Rice, 15N Tracer technique.

Introduction

Nitrogen (N) is a primary essential macro nutrient element
for all plants including rice. Nitrogen requirement  of rice is
high (Sahrawat 2000; Choudhury et al 2001). Rice plant re-
moves about 16 kg N for the production of 1 tonne rough rice
including straw (De Datta 1981). Most of the rice soils of
Asia are deficient in Nitrogen. So, fertilizer N application is
essential to meet the crop’s demand. Copper (Cu) is an es-
sential micro nutrient element for all crops including rice.
Rice crop removes about 8 g  Cu for the production of 1 tonne
rough rice including straw (De Datta 1981). In wetland rice
soils, the availability of water soluble Cu decrease in yield
(Ambak and Tadano 1991). This problem can be solved by
applying proper amount of Cu fertilizer in Cu deficient soils.

The largest rice growing area of Malaysia is located in the
Muda irrigation scheme, Kedah that covers an area of about
95,000 ha. Recent investigations showed that there is a ten-
dency of yield decline in many sites of this area due to Cu
deficiency (Samy et al 1992a). Investigations showed that
soils of some locations of this Irrigation Scheme are deficient
in Cu (Choudhury and Khanif 2000a). Farmers are applying

* Author for correspondence; E-mail: a.choudhury@acss.usyd.
edu.au

a single fertilizer dose of N80P30K20 (80 kg N ha-1, 30 kg P2O5

ha-1 and 20 kg K2O ha-1) in rice fields throughout the irriga-
tion scheme (Samy et al 1992b). Indiscriminate application
of fertilizers throughout the irrigation scheme caused low yield
in many locations due to Cu deficiency. In addition, this N
dose (80 kg N ha-1) is not optimum in many locations. It is
necessary to determine the appropriate doses of N and Cu
fertilizers to increase rice yield and fertilizer N efficiency.
The 15N tracer technique is used as the precise method to es-
timate fertilizer N efficiency  (Cao et al 1984; Choudhury and
Khanif 2001). With this view in mind, the present study was
undertaken to evaluate the effects of N and Cu fertiliza-
tion on rice yield and fertilizer N efficiency using 15N tracer
technique.

Materials and Methods
A greenhouse experiment  was conducted at University Putra
Malaysia to evaluate the effects of N and Cu fertilization on
rice yield and fertilizer N efficiency. The study was conducted
in two soils (Idris and Tebengau series). In this paper, the
findings on one soil (Tebengau series) are discussed. The
taxonomy of the soil is Typic endoaquent, very fine clayey,
mixed, isohyperthermic, pallid (Paramananthan 1998). The
soil was collected from rice growing areas under the Muda
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Introduction

Potato (Solanum tuberosum L.) is one of the important crops
in Bangladesh and plays a significant role in the human diet.
About 134 thousands hectares of area are cultivated for
potato in Bangladesh (Anonymous 1997). One of the major
constraints of potato production in Bangladesh is the attack
of insect pests resulting in severe damage to the crop (Das
1995). The cutworm, Agrotis ipsilon (Hufnagel) is the most
common and major insect pest of potato. In the early stage of
the crop, the larvae of the cutworm cut the plants at the ground
level and feed on the leaves of the standing plants affecting
their growth, vigour and yield. The amount of damage by
cutting the plants exceeds the amount by actual eating (Cabello
and Hernandez 1988). At tuberization, the larvae bore into the
tubers and consume the inner contents of tubers reducing the
yield and market value of potato to a great extent (Patel et al
1990). Cutworm damage to the tubers varied from 5 to 75% in
India (Lal 1990). In Bangladesh, practical experience reveals
that the tuber damage due to the cutworm ranges from 5 to
73% without any control measure depending upon the loca-
tion and year.

In Bangladesh, main reliance for the control of this pest is on
insecticides which is not only expensive but also its residues
left over the crops or in the soil have become a matter of great
concern for human health and environmental pollution. Over
the years the problems associated with the use of insecticides
led the entomologists to find ecologically sound, environ-

mentally safe methods of the pest control. Cultural control as
a vital component of IPM can be used in combination with
other control measures. The present research work was under
taken to study the performance of integration of cultural, bio-
logical and insecticide management practices against cutworm
infestation in the potato field.

Materials and Methods

The experiment was conducted at Regional Agricultural
Research Station (RARS), Jamalpur, Bangladesh, during
2000 - 2001 potato season with eight treatments following
Randomized Complete Block (RCB) design having three
replications. The eight treatments were as follows:

T1 
=

 
Hand picking + one irrigation (45 DAP) + perching

T2 = Hand picking + two irrigation (30 and 45 DAP) + perching
T3 = Hand picking + no irrigation + two spray of Dursban
T4 = Hand picking + one irrigation (45 DAP) + one spray of
        Dursban
T5 = Hand picking + two irrigation (30 and 45 DAP) + one
        spray of Dursban + perching
T6 = Hand picking
T7 = Spray of Dursban at 15 days interval
T8 = Control

The unit plot size was 3m × 3m and spacing was 60cm × 25cm.
Fertilizers were used as per recommendation (Urea: 350 Kg /
ha, TSP: 220 Kg / ha and MP: 260 Kg / ha). Weeding and other
cultural managements were done as and when necessary. Hand
picking was done in the morning everyday from the first inci-

I NTEGRATED  PEST M ANAGEMENT  OF POTATO  CUTWORM , AGROTIS IPSILON
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An experiment was conducted at Regional Agricultural Research Station (RARS), Jamalpur, Bangladesh, during the
period from November 2000 to March 2001 to find out the effective management strategy in controlling potato cutworm,
Agrotis ipsilon in the field. The integration of different cultural, biological and chemical management practices showed
significant effect on cutworm infestation than the control plots. The lowest percentage of infested tuber by number and
weight was observed from the plots treated with hand picking + two irrigation + one spray of Dursban + perching and
its yield was also highest. It might be considered as an integrated pest management (IPM) package for combating the
cutworm on potato.

Key words: IPM, Potato cutworm, Agrotis ipsilon
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A study of the oil content of Monodora myristica for its potential and industrial applications has been undertaken.  The
study revealed that M. myristica seeds have high oil and protein content (21.79 ± 0.51% and  20.57 ± 0.38%, respec-
tively).  The carbohydrate content is quite high, (44.29 ± 1.50%) while it has low crude fibre content (4.70 ± 0.15%). The
physico - chemical characteristics of the seed oil show that the oil has high acid value, (14.31 ± 0.32%); peroxide value,
(15.90 ± 0.50%) and saponification value, (252.11 ± 2.50%). The iodine value of the seed oil which places the oil in the
non-drying group is 85.00 ± 0.50%. Eight nutritionally valuable minerals of the seeds were determined and the result
indicates the seeds to be richest in potassium  64.96 ± 1.60 ppm followed by magnesium (8.58 ± 1.50 ppm) and iron (8.40
± 0.91 ppm). Fatty acid composition of the seed oil shows the oil to  be rich in linoleic acid (35.52%) and oleic acid
(33.15%). It also contains arachidic acid 9.52%. The other fatty acids present in the oil are palmitic acid, stearic acid,
gadoleic acid and linoceric acid. Triacylglycerols (OOO, OPO / POO and OOL) accounted for over 57.70% of the total
triacylglycerol content of the oil. In addition, high molecular weight triacylglycerols (containing fatty acid moiety > 18
carbons) was also detected in oil The potential domestic and industrial applicatioins of the oil under study are enumerated.

Key words: Monodora myristica, Physico - chemical properties, Mineral element, Fatty acid.

Introduction

Fats and oil belong to a class of compound known as lipids,
which can be either simple or complex triacylglycerol. The
existence of these as fat and oil depends on their state at room
temperature, 30 ± 2°C (fats are solid while oils are liquid at
room temperature) (Gurr et al 1972).

Fats and oil are indispensable food factors (Tooley 1971) and
they are also extensively used for nutritional, cosmetic and
industrial purposes (Berdick 1972). They are used for deliv-
ering fat soluble vitamins as carriers and contributing flavours
to food (Masson 1981) and also for supplying essential fatty
acids such as linoleic, linolenic and arachidonic acids which
are not made by the body but are required by the body
(Triebold and Aurand 1963). They are also used for  produc-
ing drug dispersants in therapeutics (Oyolu 1971 and Ngoddy
and Ihekoronye 1984).

Monodora myristica (Gaertn) Dunal also called African
nutmeg or false nutmeg is a tree of evergreen and deciduous
forest, up to 35m high by 2m in girth. It is of the family
Annonaceae (Unwin 1920).  The seeds of M. myristica which
are embedded in a white sweet-smelling pulp are the most
important part of the tree economically.  The seeds contain 5
-  9.00% colourless essential oil consisting largely of terpe-

nes and with a pleasant taste and smell (Oliver 1960) and
about 35.00 - 36.00% of a reddish-brown fixed oil which con-
tains mainly linoleic acid (46.90%) and oleic acid (35.00%)
(Busson 1965).

The bark of M. myristica is used in Ivory Coast to treat
haemorrhoids, stomachache and febrile pains and mixed with
that of M. tenuifolia, a collyrium is prepared for use in eye
troubles (Bouquet 1974). Dusting or application of the po-
made is used to disinfect from fleas and lice. The seeds chewed
up are applied to the forehead for headache and for migraine
in Gabon. The seeds are also applied on sores and are eaten as
anti-emetic operative and tonic in Congo (Burkill 1985).

The world production of fats and oils shows the production
of vegetable oils to be higher than fats from animal (Interna-
tional Association 1988). Currently, despite the relatively high
oil and seed meal production in the United States, the USDA
(U.S. Department of Agriculture) continues to investigate
non-conventional seeds. The example set forth by the USDA
is worth emulating by the developing countries that are more
in need of alternative oil sources. According to Balogun et al
(1986), lack of information on the composition and utiliza-
tion of the many and varied oil seeds indigenous to the trop-
ics is more of problems than is the real shortage of oils. There
exist already abundant data in literature on the proximate*Authors for correspondence
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Food legumes, widely grown and consumed throughout the
world are excellent sources of proteins (20 - 25%) and carbo-
hydrates (50 - 60%). They are also fairly good sources of
dietary fibre, minerals and vitamins. However, presence of
tannins, phytic acid and other anti-nutritional substances re-
duce the availability of protein and other nutrients in legumes
(Morrow 1991; Van der Poel et al 1991; Stanley 1992). Most of
the nutrients and anti-nutrients are lost during soaking and
cooking processes (De-Leon et al 1992). Physical characteris-
tics of certain legumes are associated with these soaking and
cooking processes (Phirke et al 1982;  Attia et al 1994). How-
ever, digestibility of starch and protein of the legumes is not
well documented in literature. This paper reports the effect of
cooking on nutrients, anti-nutrients and digestibility of pro-
tein and starch of commonly used legumes. Physical charac-
teristics of these legumes were also studied after soaking them
in simple water.

Raw form of five legumes (black grams, chick-peas, lentils,
red and white kidney beans) were obtained from Ayub
Agriculture Research Institute, Faisalabad (Pakistan).
Physical characteristics including water absorption capacity
(Sefa-Dedh and Stanly 1979), swelling capacity (Akinyele et
al 1986), seed density (Phirke et al 1982), and cooking time
(Singh et al 1991) of the legumes were determined after soak-
ing in water for 4 h. The ash, protein, soluble sugars, starch,
tannins, phytic acid, protein and starch digestibility was es-
timated before and after cooking the pre-soaked legumes
(AOAC 1990).

Table 1 summarized the physical characteristics of raw legumes.
Apparent seed density of the legumes were found to be from
0.48 to 1.85g/ml. Cooking time of unsoaked whole seeds of
these five legumes showed wide variations ranging from 16 -
130 min depending upon the size and hardness of seeds. Cook-
ing time was reduced by 34.61 to 43.75%, as a result of soak-
ing in water for 4 h. Reduction in cooking time could be the
result of absorption of sufficient water from the soaking
media which ultimately decreased hardness of legumes.

Black grams, chick-peas, lentils, red and white kidney beans
contained 19.43 - 26.00% protein, 2.73 - 3.73% minerals, 5.50 -
8.46% soluble sugars and 37.62 - 47.00% starch (Table 2). These
nutrients were lost to various extents during cooking pro-
cess. About 14.78 to 21.83% proteins were lost from these five
legumes on cooking. These losses in proteins are attributed
to partial removal of certain essential as well as non essential
amino acids along with other nitrogenous compounds which
were formed as a result of chemical degradation of complex
molecules of proteins into simple water soluble amino acids
due to high temperature and pressure. About 18.99 to 39.50%
minerals, 26.70 - 36.86% soluble sugars and 35.38 - 55.55%
starch contents were lost as a result of cooking of the le-
gumes. Earlier workers also reported that cooking caused some
of the bean cells to separate rather than to break because of
which cell contents (proteins, minerals and sugars) were re-
leased to the surrounding media and consequently, caused
reduction in the nutrients of beans (Kon 1979; Rincon et al
1993).

The amount of neutral detergent fibre (NDF), acid detergent
fibre (ADF), cellulose, hemicellulose and lignin in these five
food legumes was 19.44 - 24.98%, 4.23 - 8.49%, 2.67 - 6.60%,
12.74 - 20.78% and 1.40 - 1.89%, respectively (Table 2). Vari-
able amounts of these dietary fibre components from the le-
gumes were lost as a result of pressure cooking. Neutral de-
tergent fibre (NDF) and acid detergent fibre (ADF) contents
of these legumes reduced to 11.52 - 18.32% and 10.87 - 19.66%
because of cooking. Reduction in cellulose by 11.49 - 21.55%
and hemicellulose by 17.85 - 27.22% was observed whereas
3.03 - 7.40% lignin contents were reduced during cooking pro-
cess. These results are consistent with the findings of earlier
workers who found reduction in cellulose and hemicellulose
contents of legumes during different cooking processes (Vidal-
Valverde and Frias 1991).

Phytic acid and tannin contents in the food legumes were
found to be 223 - 599 mg /100g and 164 - 371 mg /100g, respec-
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Table 1
Physical characteristics of raw legumes

Legumes Legumes Water Swelling Cooking
apparent absorption capacitytime
seed density capacity (g /100g) (min)
(g /ml) (g /100g)

Black gram 1.16 25.60 73.00 110

Chick-peas 1.85 23.80 84.53 75

Lentils 0.48 15.42 32.72 16

Red kidney beans 1.23 34.74 74.39 130

White kidney beans 1.10 27.80 66.07 45
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The effects of 24 and 48 h leaf extracts of Calotropis procera
on radicle and plumule growth of four cultivars of maize (Oba
Super I, II, III and IV) were examined. Both extracts demons-
trated considerable inhibitory effects on the growth of radicle
and plumule of the cultivars and the severity of the inhibition
was observed to increase with the increase in the duration of
the extraction.

The growth of Oba Super 1 tends to be the least inhibited
while the growth of Oba Super III appeared to be mostly inhi-
bited by the extracts when the growth and development of
their radicle and plumule were compared to those of the con-
trol.

The study concluded that allelopathy might have played a
major role in the suppressive ability of this weed on the seed-
ling growth of maize.

Calotropis procera, a member of Asclepiadaceae (Olorode
1984), is one of the most prominent weeds in the Savanna

zone of Nigeria, where it constitutes a menace to cowpea,
guinea corn and maize farms. Field observations have revealed
a significant reduction in yields from the farms, where this
weed is found.

Previous studies, such as (Evanari 1949; Rice 1984) among
others, had revealed that most weeds affect their neighbours
by releasing allelochemicals, which inhibit the growth of their
neighbours directly or indirectly by altering the physical and
chemical characteristics of the soil and the availability of
nutrients, pH, total phenolic levels and microbial population
(Blum & Shaffer 1988; Inderjit & Dakshini 1992, 1994).

Therefore, there is a growing interest in the study of allelopa-
thy among weed scientists and plant ecologists in the recent
time. The study being reported here aimed at determining the
inhibitory potentials of the extracts of C. procera on the ger-
mination and seedling growth of maize, a widely cultivated
crop in Nigeria.

Maize seeds from four cultivars, namely Oba Super I, II, III
and IV, were obtained from the International Institute for
Tropical Agriculture, Ibadan, Nigeria and used in this study.

Leaves of Calotropis procera were collected along Ilorin -
Jebba road in the Savanna region of Nigeria. 500 g of fresh
leaves were soaked in one litre of distilled water for a period
of 24 h. Another 500 g were soaked for 48 h. The solutions
were filtered and the filtrate was used as aqueous extracts.

Sterilized petri- dishes were double - layered with Whatman
No.1 filter papers. Five seeds of the respective cultivars were
placed in each petri - dish. The petri - dishes were moistened
daily with the 24 and 48 h, aqueous extracts of the leaves of

Short Communication

Table 1
Effect of aqueous extracts of C. procera on the radicle and plumule lengths (cm) of maize cultivar Oba Super I

Plant Extract                      Experimental time (h)* Average

parts time (h) 24 48 72 96 120 144 %

decrease

 Control - 1.30 3.92 5.73 6.95 8.05 -

Radicle 24 - 0.95 1.08 2.95 4.01 5.27 -
(26.90) (72.40) (48.50) (42.30) (34.50) (44.90)

48 - 0.56 0.92 1.45 3.24 4.01 -
(56.90) (76.50) (74.70) (53.40) (50.20) (62.30)

Control - 1.20 1.31 2.38 2.98 3.68 -

Plumule 24 - - 0.51 0.97 1.21 1.88 -
(100.00) (61.10) (59.20) (59.40) (48.90) (65.70)

48 - - 0.31 0.53 0.71 1.06 -
- (100.00) (76.30) (77.70) (73.50) (71.20) (79.70)

* Figures in brackets represent the % decrease over control.
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Probiotics are viable bacteria used as feed additives, which
produce beneficial effects that bring about a balance of the
intestinal flora. Strains of Lactobacillus, Pediococcus,
Bacteriodes, Bifido bacterium, Bacillus, Streptococcus and
Escherichia coli have been used as probiotics (Fuller 1986).

Lactobacilli are found in the normal intestinal flora of chickens
and other animals from the first few days of their life (Fuller
1986). Their ability to inhibit both Gram- positive and Gram-
negative bacteria had been reported (Klaenhammer 1988;
DeVuyst and Vandemme 1994; Jin et al 1996). Chang and his
co - workers (Chang et al 2001) recently reported that
Lactobacillus reuteri BSA131 sourced from pig faeces
strongly inhibited pathogenic bacteria used as indicator
organism. Moreover, the adhesion of Lactobacilli to the
epithelial wall of the small intestine of some animals had also
been reported (Sarra et al 1992; Jin et al 1996).

Lactobacillus acidophilus produce lactic acid and small
amount of hydrogen peroxide to suppress harmful bacteria
(Price and Lee 1970; Gilliland and Speck 1977). Some strains
produce bacteriocins such as acidophilin, lactocidin and
acidolin (Gilliland 1989). The resistance of Lactobacillus
acidophilus to bile salt and pH had been reported (Andrez
and Leszek 2001).

Studies on the antagonistic effect of wild strain of
Lactobacillus acidophilus from faeces and fresh milk on some
pathogen and their adherence to the IEC (Ileum epithetial cell)
of albino rat is lacking. The aim of the present work was to
investigate the antagonistic effect and adhesion properties of
Lactobacillus acidophilus strains to the IEC of albino rat.

Source of Lactobacillus isolates. Fresh cow milk was
obtained from the university farm. Faeces of man was collected
from a student while faeces of pig and albino rat were obtained
from the piggery and experimental animal house of the Federal
University of Technology, Akure, Nigeria.

Isolation and characterisation of isolates. Lactobacillus
isolates were obtained using MRS agar (LABM). Incubation
was at 37° C under an anaerobic environment generated inside
a dessicator. Dry crab – like colonies with projecting outgrowth
were subjected to morphological and biochemical test for
identification (Parker and Collier 1990).

Source of indicator bacteria. Pure culture of Bacillus
cereus NCIB 6349, Escherichia coli Type 1 NCIB 86, Pseudo-
monas aeruginosa NCIB 950, Klebsiella pneumoniae NCIB
14070, and Staphylococcus aureus NCIB 8588 were obtained
from culture collection of the Department of Microbiology,
Obafemi Awolowo University, Ile Ife, Nigeria. They were
maintained on nutrient agar (LABM) slant throughout the
duration of the study.

In vitro antagonism assay. The agar diffusion assay of
Schillinger and Lucke (1989) was used to assay the inhibitory
effect of Lactobacillus acidophilus strains against the
indicator bacteria. This involves seeding Tryptone Soya agar
(LABM) plates with the test bacteria and introducing 0.05ml
(50 µl) of overnight broth culture L.acidophilus into holes
bore with 3mm cork borer. The plates were incubated
aerobically at 37° C for 24h after which they were examined for
zones of inhibition.

Preparation of intestinal epithelial cell of albino rat.
Ileum epithelial cell of 4-weeks-old albino rat was prepared by
using the method of Jin et al (1996). The epithelial cells of the
ileum were scrapped off gently using the edge of a microscope
slide and the scrapping suspended in phosphate buffer saline
(PBS) of pH 7.3. The suspended scrapping was stored in ice for
15 min to allow the debris to settle. The sedimented debris was
removed and the supernatant fluid centrifuged for 10 min at 2 g
to remove large tissue cluster. It was centrifuged again at 120 g
for 10 min to spin down the cells in suspension. The IEC was
then suspended to a concentration of 6 x 105 cell / ml.

In vitro adhesion assay. The method described by Jin et al
(1996) was adopted. Cells from overnight anaerobic cultures
of Lactobacillus acidophilus in MRS broth was washed and
suspended in PBS to a density of 108 cells/ml. One fifth of 1ml
(0.2ml) of epithelial cell suspension was added to 0.8ml of the
overnight anaerobic broth culture of L.acidophilus and
incubated for 1h at 37° C. Adhesion of the L.acidophilus
strains to IEC was assessed using light microscopy with phase
contrast illumination (x100).

Statistical analysis. The differences between the mean of
the L.acidophilus attached to the IEC was assessed using the
one way ANOVA (SPSS version 10.0) with the level of
significance set at P< 0.05.
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Introduction

Dyes are intensely colored substances that can be used to
produce a significant degree of coloration when dispersed in
or reacted with other materials by a process which at least
temporarily destroys the crystal structure of the substrate.
They are retained in the substrate by adsorption solution and
mechanical retention or by ionic or covalent chemical bonds
(Anon 1974).

Organic pigments are finely divided crystalline solids. They
are insoluble in the systems in which they are used, like inks,
surface coatings, plastics and artificial fibres, must be disper-
sed in them with the expenditure of mechanical energy
(Schewaebel and Nordmyer 1971).

Dye Intermediates are the chemicals or substances which are
used in the synthesis of dyes and pigments. For example,
intermediates used in the production of dyes and pigments
are naphthols, naphylaminophenols and many others, having
different substituents on aromatic rings and having structure
as required according to their use in any class of dyes (Anon
1955).

Purpose of this review is to create awareness about the toxicity
and carcinogenicity of these synthetic dyes and intermediates
among who are manufacturing these dyes or are using them in
their goods. This review covers the literature from 1956 to
2002 with all the hazardous/carcinogenic / mutagenic effects
of dyes and dye intermediates on humans and animals. Toxi-
city of many intermediate chemicals are presented in Table 1
and  2. Various reports are already can be seen in the literature
(Clontero et al 1990, Anliker 1979) however, these reports lack
mechanism of toxicity induced by these synthetic dyes.

Prohibition of certain dyestuffs in developed countries began
with the discovery of that handling benzidine-based dyes

TOXICITY  OF DYES AND DYE INTERMEDIATES
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Dyes and pigments are mostly colored substances  used for coloration.The chemicals used for their synthesis are hazardous
for human life. The metabolism occurs primarily in liver and the metabolites formed are transported in the blood where they
can form protein adduct or undergo renal filtration in urinary bladder lumens where at acidic pH, they can react covalently
with DNA and the carcinogen DNA adducts formed cause disorders in the whole metabolic reactions. Many carcinogenic/
mutagenic hazards, which occur in the body, have been summarized for public awareness.
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that could cause cancer of the bladder for over 25 years (Melick
et al 1955, Huang et al  1979). Studies comparing the combined
effect of chemical carcinogens on laboratory rats revealed
that concurrent, sequential or mixed quantities of compounds
targeted at liver tissue resulted in syncarcinogenic effects.
Current test of relevance to human tissue involved change in
morphology in respect of stiochiometric adducts, haemoglobin
or DNA.

Carcinogenic aromatic amine metabolism and DNA
adduct detection in humans. Initial metabolism of an
aromatic amine occurs primarily in the liver and involves N-
hydroxylation by cytochrome P - 450 IA2 and N-acetylation
by acetyltransferase which serve as competing activation
and detoxification reactions, respectively. Both the enzymes
are polymorphic in humans and can be readily assessed using
caffeine ingested in coffee followed by urinary metabolite
analysis. N-hydroxyarylamines can then be transported in
the blood where they can form protein adducts with
haemoglobin (Hb) or undergo renal filtration into the urinary
bladder lumen where, at acidic pH, they can react covalently
with urothelial DNA. Carcinogen-DNA adduct levels in human
bladder are smoking-related and the C

8
-substituted deoxy-

guanosine derivatives of 4-aminobiphenyl are the major
product formed.

Alternatively, N-hydroxyarylamines can be conjugated in the
liver by glucuronyl transferases which provides a mechanism
for biliary transport of the colon lumen where α-glucuro-
nidases can regenerate the aglycon. In the colon mucosa,
acetyltranferases can further activate the N-hydroxy metabo-
lite by O-acetylation, and persons with rapid acetylation are
known to be at higher risk for colorectal cancer. Detection of
specific arylamine - DNA adducts in human colon should
provide direct evidence for the role of these carcinogens in
the etiology of this disese (Kadlubar 1991, Pei et al 1993).*Author for correspondence

76



Pakistan Journal of Scientific and Industrial Research
publishes original research in all scientific and technological
fields in the form of research articles, short communications
and critical reviews. All manuscripts are evaluated by subject
experts. However, authenticity of the contents will be the sole
responsibility of the authors.

The papers should be submitted with a covering letter
signed by all the authors, with their names, addresses and
highest qualifications, indicating the corresponding author
and certifying that the paper has neither been, nor will be sent
elsewhere for publication. Names and addresses of four ex-
perts of the relevant field including two foreign referees should
also be provided. In case a paper is withdrawn after registra-
tion, the author/s will be billed for service charges.

Three legible double spaced typed copies of the manu-
script are to be submitted containing, in order, Running Title
(not more than 60 characters), Title of the article, full names,
addresses, telephone numbers, fax numbers, e-mail addresses
of all the Authors, Abstract (not more than 150 words), three
or more Key Words, Introduction, Materials and Methods,
Results and Discussion, Illustrations and References.

All illustrations including figures, drawings and photo-
graphs should be of good quality, suitably labelled, captioned,
numbered and referred to in the text alongwith tables and
references. The drawings should be in black ink, on art or
tracing paper, drawn to fit in single or double columns (8 or
16.5 cm) on reduction. Letterings and symbols should be of
sufficient size so as to be clearly legible on reduction. Use
IUPAC rules for units and their abbreviations.

Three sets of original coloured or black & white
photographs(s), mounted on light weight white card board,
should be provided. In case of coloured photographs(s), 50%
printing expenses would have to be borne by the author(s).

References should be cited in the text by the last name of
the author (both authors if only two, the first author and et al
when more than two) followed by the year, in chronological
order.

All references in the bibliography should be listed in
alphabetical order of the authors’ last names followed by date
of publication and other complete details as given in the ex-
amples.

EXAMPLES
Journal Articles
In Bibliography:
Reid R W, Watson J A 1995 Reaction of lodgepole pine to

attack by blue stain fungi. Can J Bot 45 (2 Part 1) 45-50.
Weenen H, Nkunya M H H, Bray D H, Mwasumbi L B, Kinabo

L S, Kilimali V A E B 1990 Antimalarial activity of Tanza-
nian plants. Plant Medic 56(4) 368-370.

Solhein H 1992a The early stages of fungal invasion in
Norway spruce. Can J Bot 70 (4 Ser A) 112-119.

Solhein H 1992b Fungal succession in sapwood. Eur J Pathol
22 143-158.

In Text:
(Reid and Watson 1995)
(Solhein 1992a)
(Solhein 1992a & b)
(Weenen et al 1990; Solhein 1992a; Reid and Watson 1995)

Chapters of Books
Demarchi DA, Marsh RD, Harcombe AP, Lea EC 1990 The

environment. In: The Birds of British Columbia, eds
Cambell R W & McNall M C E. Royal British Columbia
Museum, Victoria,    B C USA, Vol 2, 2nd ed, pp 366-425.

Books
Bennet O C, Myers J E 1974 Momentum, Heat and Mass Trans-

fer. McGraw Hill, New York, USA, pp 540-562.

Thesis
Hu C 1989 A comparative study of peanut peroxidase isozyme.

Ph.D thesis, Department of Plant Sciences, University of
Western Ontario, London, Ontario, Canada.

Papers of Conferences/Symposia/Seminars
Jhonson S R, Knapp A K 1994 The role of fire in Spartina

pectinator dominated tallgrass prairie wetlands. In: Pro-
ceedings on 19th Tall Timbers Fire Ecology Conference,
Tallahassee, Fl, USA, November 3-6, 1993.

Technical Reports
Tiller FM, Leu WF 1984 Solid Liquid Separation for Lique-

fied Coal Industries. Final Report for RP - 1411-1. EPRI,
AP-3599, Electric Power Research Institute, Palo Atto,
CA, USA.

Patents
Verschuur E 1978 Agglomerating Coal Slurry Particles. US

Patent 4126426.

Two hard copies of the revised paper should be sent
along with an electronic copy in Page Maker 6, 6.5, MS Word,
Excel, IBM compitable. Responsibility for any error/omission
in the paper lies with the author.

The manuscripts should be addressed to:

Executive Editor, Pakistan Journal of Scientific and
Industrial Research, Scientific Information Centre, PCSIR
Laboratories  Campus, Karachi-75280, Pakistan.
Phone: (92-021)8151739, 8151740, 8151741-3
Fax:      (92-021)-8151738,
E-mail: pcsirsys@super.net.pk  and pcsir-sic@cyber.net.pk

INSTRUCTIONS TO AUTHORS




