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Abstract. A one-parameter family of iteration functions as derived by Hansen and Patrick (1977) was studied. The

Halley’s method was of particular interest, which was modified by using the Taylor polynomial equation of order two

to obtain the well-known Chevbyshev’s iteration formula. Further, using the Laguerre’s disk, two new methods were

constructed out of the Chevbyshev’s functional iteration fomula. The obtained methods may, and often will, depend on

the already calculated values.
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Introduction

The principal objective of this study was to draw attention to

the family of one-parameter iteration formulae derived by

Hansen and Patrick (1977) for finding zeros of polynomial

equation.

P(z) = 0 (1.1)

It was assumed that P was real or complex, and possessed a

certain number of derivatives necessary in the neighbourhood

zeros of p. For convenience, p was specified to be the func-

tion of z with simple zero, ζ.

Then for h (ζ) ≠ 0

where h was the reduced polynomial of p

the equation (1.1) will thus assume the form:

P = (z - ζ) h (1.2)

By taking log of both sides of (1.2) and differentiating the

resulting expression with respect to z, the following was ob-

tained:

Continuing, after some serious but rigorous analysis, Hansen

and Patrick (1977) obtained a family of functional iterative

formulae in the form:

z
i

(k+1) = Φ(z
i

(k)) (k = 0, 1, .....) (1.4)

where Φ is a rational map given as:
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            α p′ ± [(p′)2  (α + 1)pp′′]½

It is remarked that α appearing in (1.5) is a variable param-

eter that rules the governing equation (1.4), which is based on

the approximation of second order derivative of  h to the square

of its first derivative.

Interest was motivated by organizing the remaining parts of

the present study in the Results and Discussion section as

follows.

a. Some cubically convergent methods that could be obtained

when the values of α were in the region of (−1.1) was investi-

gated as a class of Hansen-Patrik iterative formulae. This was

done in particular, by neglecting some order of approxima-

tions higher than the term pp′′ appearing in the denominator

parts of these methods, and if it was assumed further that |p|

was sufficiently small in magnitude, then a limiting case of

Halley’s iterative formula of third order was obtained.

One disadvantage of Laguerre’s method, as well as the Euler

and Ostrowski formulae, is that they may occasionally branch

off into complex plane even if the roots of the polynomials

are real.

b. A functional iterative method was derived from the substi-

tution of Halley’s correction formula into Taylor polynomial

of order two for a function p. The obtained method was famil-

iar to the third order convergent Chevbyshev’s formula. More

useful information may be seen from  Jarratt (1968).

In a second approach, the p′′ appearing in the Chevbyshev’s

formula was approximated by the first finite difference
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Introduction

The limiting density (ρ0) and apparent molal volume (V
φ

0) are

fundamental properties of binary and ternary solutions of

non-ideal systems of amino acids and surfactants (Ali and

Nain, 2002; Singh et al., 2001). Such thermodynamic func-

tions of biomolecules in mixed solvents are of significant

interest as they influence their activity to a great extent

(Apelblat and Manzurola, 1999). These properties can be

used to obtain the desired polarity of solvents with surfac-

tants (Creighton, 1990; Dill, 1990; Frank, 1973). The surfactant

systems have been, therefore, drawing attention for the deter-

mination of their activity, and the activity coefficients of

amino acids and peptides in aqueous and non-aqueous sol-

vents (Mohammad and Wahab, 2002; Cabani et al., 1972).

Surfactants are of immense significance due to their interac-

tion with hydrophobic and hydrophilic parts of the amino

acids (Barbosa et al., 2001). They also assist in the partition of

amino acids, if added to immiscible solvents in combination

(Sandberg and Edholm, 2001; Key and Weitzman, 1987;

Monica and Bufo, 1977; Frank, 1973). Further, the size of the

anion associated with N+ ion of the pyridine ring of the surfac-

tants is seen to influence the activity of the surfactant itself,

and of biomolecules (Mohammad and Wahab, 2002; Sandberg

and Edholm, 2001). The polar head of α-amino acids (hydro-

philic) is confined to one end, and the alkyl chain (hydropho-

bic) to another, similar to the alignment of hydrophilic and

hydrophobic parts in surfactants (Singh, 2001). How does an

increase in the alkyl chain of amino acids affects their interac-

tion with water and aqueous surfactant solutions is of primary

interest. Studies undertaken elsewhere, on different solvents,

do not elucidate the mechanism of interactions of surfactants

with amino acids (Frank, 1972-1983). As amino acids are also

related to acetyl coenzyme-A (acetyl-CoA) of the Kreb’s cycle

(Key and Weitzman, 1987), it may be of interest to understand

how the enzyme functions with amino acids in surfactant

solutions in biological processes, since the enzyme catalyzes

cellular reactions and amino acid interactions. Therefore,

molar volumes of acids can be rationalized with the stability of

proteins and the activity of an enzyme to recognize and bind

its substrate. How do molal volumes of amino acids vary in

surfactant solutions is not yet known (Barabosa et al., 2001;

Frank, 1972-1983), since molar expansion/contraction affect

interactions of biofluids/biochemicals (Rialdi and Blitonen,

1973). Therefore, the density (ρ) and molal volume (Vφ) proper-

ties of amino acids are helpful in elucidating the structural

interactions and reorientations of enzymes with their substra-

tes (Singh and Kumar, 2004; Goss, 2003; Sharma et al., 1992;

Crawford et al., 1977; Nemethy and Scheraga, 1974). Also, the

ρ and V
φ
 being state-related functions, these can depict transi-

tion of systems that may be of some use for non-ideal solu-

tions (Singh, 2005; Parmar and Dhiman, 2002; Singh, 2001;

Pandey et al., 1998). Thermodynamic investigations on mac-

romolecules and biomolecules in aqueous systems have

always been a matter of interest (Singh, 2004), so as to focus

the structural reorientation and conformational states regar-
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Studies of Molecular Interactions of α-Amino Acids in Aqueous and
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Abstract. Density (ρ/103 kg m-3) and molal volumes (Vφ/10-6 m3 mol-1) of glycine, valine and leucine from 0.03 to 0.07 mol

kg-1, and cetyl pyridinium chloride (CPC) and cetyl pyridinium bromide (CPB) were measured in 0.0497 mol kg-1 aqueous

surfactant solution systems at different temperatures. The data were regressed against molality, and constants were

referred to as the limiting density (ρ0) and apparent molal volumes (Vφ

0) and denoted as solute-solvent interactions, while

their slope constants indicated molecular interactions and influence of composition. It was observed that amino acids with

a shorter alkyl chain, such as glycine, had weaker affinity to interact with cationic surfactants, in comparison with the

longer alkyl chain amino acids, such as leucine. The CPB with larger-sized anion showed greater molecular interaction with

amino acids.

Keywords: pyridinium ring, intermolecular forces, hydrophobic interactions, transfer volume, cationic surfactants
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Abstract. The liquid-liquid equilibrium data are presented for phase behaviour of ternary system of water, acetic acid and

alkanols (1-butanol, 1-pentanol and 1-hexanol) at the temperature of 30±0.1 °C. From the data, binodal curves, tie lines,

plait points and equilibrium distribution diagram were determined experimentally, and the distribution coefficients and

separation factors were computed, with a view to examine the suitability of alcoholic solvents to extract acetic acid from its

aqueous solution. It has been found that the solubility of acetic acid increased with the increasing number of carbon atoms

in the chain of the alcohol used as the solvent, giving higher values of distribution coefficients and the separation factor.

Keywords: liquid-liquid equilibrium, tie line, liquid-liquid extraction, phase behaviour, distribution coefficient, acetic acid

extraction, binodal curve, equilibrium distribution
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Introduction

Liquid-liquid extraction has established itself as a unique unit

operation during the last few decades. Nowadays, it finds

application in a number of commercial processes, such as sepa-

ration of organic isomers, isolation of antibiotics, extraction of

metals, separation of trace elements, and removal of pollu-

tants for pollution control. Since the system is based on solu-

bility, it has distinct advantage over distillation in which the

application of heat is required, so that heat sensitive materials

and compounds not differing appreciably in their boiling

points can be easily separated.

The extraction of organic acids from aqueous solutions resul-

ting from fermentation processes, and from spent or recycle

solutions, is industrially important. Many solvents have been

previously tried to improve such extractions using liquid-

liquid extraction (Acre et al., 1995; Briones et al., 1994; Dramur

and Tatli, 1993). Within the scope of this procedure, several

alcohols (Fahim et al., 1997; Kirk and Othmer, 1992) and aceta-

tes (Colombo et al., 1999; Correa et al., 1989) have been used

as solvents to extract acetic acid from aqueous solutions.

Only few of these, however, were noted to have distribution

coefficients greater than one.

The present work was undertaken to investigate fundamen-

tals of the process of extraction of acetic acid, using aliphatic

alcohols as solvents, by studying the liquid-liquid phase

equilibria (LLE) of ternary systems comprising of water, ace-

tic acid and alkanols (1-butanol, 1- pentanol and 1-hexanol).

The LLE of theses systems was studied by determining their

binodal curves and equilibrium distribution diagram experi-

mentally, and computing from these, the tie lines, plait points,

distribution coefficients and separation factors of the respec-

tive systems.

Materials and Methods

Materials. Acetic acid glacial (E. Merck, Germany, 99.5%), 1-

butanol (E. Merck, India, 99%), 1-pentanol (BDH, England,

98%) and 1-hexanol (BDH, England, 98%) were used without

further purification. Distilled water was used throughout this

work.

Solubility data. The solubility data for the three systems,

namely, water + acetic + 1-butanol (WAB), water + acetic acid

+ 1-pentanol (WAP), and water + acetic acid + 1-hexanol

(WAH) were determined by the cloud point method (turbidity

method) (Feki et al., 1994; Correa et al., 1989). Ten ml water was

measured in a 125 ml closed Erlenmeyer flask and a solvent

(alcohol) was added from a burette and agitated till the solu-

tion started to appear turbid. The amount of solvent added

was recorded as the maximum solubility of the solvent in water

and gave the first point on the base line of the binodal curve

(mutual solubility curve) plotted on a triangular diagram. The

appearance of turbidity indicated the beginning of the forma-

tion of the second phase, i.e., the solvent layer. Further addi-

tion of a small amount of the solvent gave a heterogeneous

mixture. Acetic acid was then added from a burette until the

first appearance of distinctly clear homogeneity. This gave

another point of the binodal curve. The procedure was repea-

ted to construct the binodal curve from the aqueous side. The

same procedure was repeated, but by starting with an initially

measured quantity of the solvent (alcohol) and the addition of
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Abstract. Ortho-aminonitrile (1) was prepared from ethoxymethylenemalononitrile. 4-Allylamino-1-methyl-6-

methylthiopyrazolo[3,4-d]pyrimidine (4) was prepared by an initial treatment of compound (1) with carbon disulfide in

pyridine followed by methylation with methyl iodide and subsequent reaction with allylamine in acetonitrile. Ortho-

aminoester (5) was prepared from ethyl (ethoxymethylene) cyanoacetate. Reaction of compound (5) with formamide

yielded compound (6), which was then tosylated. All compounds were screened for their antibacterial and antifungal

activities.

Keywords: ethoxymethylenemalononitrile, pyrazolo[3,4-d]pyrimidine, antimicrobial activity, synthesis of heterocycles
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Introduction

Substituted heterocyclic compounds offer a high degree of

structural diversity, which have proven to be broadly useful

as therapeutic agents (Thompson and Ellman, 1996). Fused

heterocyclic systems containing pyrazole ring are ranked

among the most versatile bioactive compounds, possessing

diverse biological activities, such as fungicidal (Sasse et al.,

1986), herbicidal (Ohyama et al., 1986), virucidal (Zikan et al.,

1986),and insecticidal (Hasan et al., 1994). The pyrazolo[3,4-d]

pyrimidines have been described as biologically active agents

(Elmaati, 2002). The most widely used pyrazolo[3,4-d] pyrim-

idines, allopurinol and oxyallopurinol, are established inhibi-

tors of xanthine oxidase and thus interfere in the biosynthesis

of uric acid, the causative agent of gout. This group of com-

pounds also exhibits antineoplastic activity (Hansch et al.,

1990a). Antitumor and antiviral compounds have been syn-

thesized based on the antibiotic formycin, a nucleoside of

pyrazolo[3,4-d]pyrimidene (Hansch et al., 1990b). Potent anti-

inflammatory and analgesic activities have been reported in a

number of 5-arylpyrazolo[3,4-d]pyrimidines (Machon and

Witkiewiz 1985; Shishoo et al., 1999). Prompted by these

observations, and as a continuation of  the ongoing programme

on fused heterocycles (Rahman et al., 2003; Chowdhury et al.,

2001; 2000; Chowdhury and Bhuiyan, 2000; 1997), the synthe-

sis and antimicrobial activity of some new pyrazolo[3,4-d]

pyrimidine derivatives is reported here.

Materials and Methods

Melting points were determined in open capillary tubes and

are reported as uncorrected values. 1H- and 13C-NMR spec-

tra were recorded on a Bruker AC 200 spectrometer, using

DMSO-d6/CDCl3 as the solvents and TMS as an internal

standard (chemical shifts in δ, ppm). TLC was carried out on

silica gel-G plates and spots were located by iodine vapour.

All evaporations were conducted under reduced pressure at

the waterbath temperature below 50 °C. Various steps

involved in the synthesis of seven heterocyclic compounds

(1-7) are shown in Fig. 7 as scheme 1 (compounds 1-4) and

scheme 2 (compounds 5-7).

Synthesis of 5-amino-3-cyano-1-methylpyraxole (1). To a

solution of ethoxymethylenemalononitrile (10.85 g, 88.9 ml) in

absolute ethanol (35 ml) was added methylhydraxine (3.6 g,

57.5 mmol) in absolute ethanol (30 ml). Slight heat was pro-

duced during the addition. The resulting solution was then

refluxed with continuous stirring for 1 h, after which the sol-

vent was evaporated under reduced pressure. The obtained

solid was washed with ether and recrystallized from water to

give compound (1), as shining white plates; yield: 7.6 g (70%),

m. p. = 222-223 °C; 1H-NMR (CDCl3): δ 7.50 (s, 1H, 3-H), 6.51 (s,

2H, NH2), 3.51 (s, 3H, CH3); 
13C-NMR (CDCl3): δ 151.4, 139.7,

115.2, 72.1, 34.5.

Synthesis of 1-methylpyraxolo[3,4-d]pyrimidine-4, 6(5H,

7H)-dithion (2). A mixture of compound (1) (1 g, 8.196 mmol)

and carbon disulfide (3.53  ml, 40.69 mmol) in pyridine (5 ml)

was refluxed for 10 h. The progress of the reaction was

monitored by TLC (n-hexane : ethyl acetate, 1:1 v/v).  After

completion of  the reaction, the mixture was cooled to room

temperature and ethanol (30 ml) was added to the mixture.

The orange coloured solid thus obtained was then collected

by filtration, washed with ether (10 ml) and recrystallized

from ethanol to yield compound (2); yield: 1.23 g (75.9%),

m.p. > 250 °C. Without further analysis, the compound was

taken to the next step synthesis.
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Introduction

Industry requires large supplies of water for their processes.

Only a small fraction of it is incorporated in their products

and some is lost by evaporation, while the rest of it is released

as the wastewater containing sludge. This sludge contains

organic pollutants as the major constituent and inorganic salts

as dissolved solids. If this sludge is released into the water

bodies untreated, it severely affects the quality of water. This

sludge may contain toxic metals that directly affect the aquatic

life, or it may contain plant nutrients, such as nitrates and phos-

phates that may stimulate the growth of aquatic weeds, or it

may have a high demand for dissolved oxygen thus resulting

in anaerobic conditions. Under anaerobic conditions, H
2
S gas

is generated, which produces offensive odours. In order to

protect the environment from the undesirable toxic materials,

therefore, the wastewater is required to be suitably treated

before its discharge to natural water streams. Many of the steps

taken to treat the wastewater result in further concentration

of the dissolved pollutants in the sludge (Priestly, 1991). The

sludge, as a consequence, becomes unstable, putrescine and

pathogenic. Sludge must, therefore, be treated before dispo-

sal or for reuse in order to alleviate pollution problems and

thus not become a burden on the environment.

Pharmaceutical sludge contains biodegradable organic mat-

ter. Bacteria may be used to bring about its degradation, so as

to stabilize the waste for ultimate disposal or reuse. However,

non-biodegradable substances remain unaffected during the

process of bacterial biodegradation. That is why a combina-

tion of biological and physicochemical methods was investi-

gated in the present study, during which the wastewater slu-

dge from the pharmaceutical industry was characterized and

treated by integration of the two procedures. For this pur-

pose, the physicochemical methods of coagulation and floc-

culation were used in conjunction with the aerobic biological

method. This approach was considered adequate to produce

a well-treated effluent and sludge, having better efficiency

for reuse than was achievable with either method when used

singly.

Materials and Methods

Industrial sludge used. The source of sludge used in the

present study was obtained from a pharmaceutical factory

located in Ikeja, Lagos. The factory produces a variety of drugs,

including, Trosyl cream, Tetramycine, Ergonovine, Uvacin,

Combantrin, Obron, Oxytetracyclin, Diflucan and Diphenydra-

mine. The average wastewater generated per day by this fac-

tory was 3.1x104 litres at optimum production. The wastewa-

ter from which the sludge was obtained originated from a com-

bination of various processes, including syrup preparation,

malt preparation, production of pastilizers, and from tablet

rejection. The effluent was heterogeneous in nature and

included water used for washing equipment, from braken

vessels containing the pharmaceutical preparations, rejected

tablets that were crushed and washed down the drain, starch*Author for correspondence; E-mail: imoasia2000@yahoo.com
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Abstract. Composite samples of sludge obtained from a pharmaceutical factory were analysed for their pollution cha-

racteristics. The samples were then treated by integrated aerobic biological and physicochemical methods. The analysis

revealed that the BOD and COD of the sludge liquor were high, as well as were the levels of solids concentration, nit-

rogen, phosphorus and bacterial count. These showed that sludge from this industry had a high pollution potential, and

therefore needed treatment before disposal or reuse in other applications. Percentage solids reduction achieved were in

the range of 26.1 to 29% of total soluble solids, 26.1 to 33% of suspended solids, and 43 to 52% of volatile solids. BOD

and COD reductions were in the range of 96.1 to 98.2%, and 96.8 to 98.4%, respectively. Ammonia nitrogen reductions in

this sludge were about 85.2 to 93.3%. Total nitrogen and phosphorus were also found to be appreciably reduced by the

combined aerobic and physicochemical treatment methods.

Keywords: aerobic biodegradation, physicochemical degradation, pollution, wastewater treatment, euprophication,

pharmaceutical sludge
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Abstract. The essential oil of green peel of large-sized Kinnow fruits was obtained by steam distillation, which recorded a yield

of 0.34%. Kinow is a hybrid of inter-varietal cross of the mendarin orange cultivars, King x Mediterranean. The oil was

analyzed by GC and MS procedures. Among a variety of the oil constituents, 24 compounds were identified by GC, which

were further analyzed for their chemical nature through GC-MS. The major proportion of the indentified constituents

comprised of 6-methyl-5-heptene-2-one (15.33%), carvone (13.8%), cis-carveol (10.04%) and thujanol (4.55%). Rest of the

twenty identified compounds occurred in minor amounts, comprised of 35.84% of the total oil. Limonene, usually the major

component of the citrus oils (35-85%), was present in rather low quantities (2.76%) in the Kinnow orange green peel oil.

Keywords: essential oils, limonene, Kinnow orange, Rutaceae, green orange peels, Citrus reticulata var. Kinnow
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Introduction

Pakistan is rich in the production of citrus fruits, especially

orange, the Kinnow orange, grapefruit and lemon. Citrus fruits

and their by-products are used in the production of bever-

ages, confectionery, ice-creams, flavours and pharmaceuticals.

Essential oils are the major by-products obtained from citrus

fruit peels, which find wide applications in food, flavour and

pharmaceutical industries for the manufacture of a variety of

valuable products (Mori,  2002; Lehner, 2000; Vargas-Arispuro

et al., 1998). Extensive research work has been done on the

essential oils of various citrus species. These studies relate

with the improvement of technologies involved in the produc-

tion and consumption of citrus oils. Limonene, a monoterpene

hydrocarbon, being the major constituent of citrus essential

oils, has been separated using a process called deterpenation

(Boelens and Jimenez, 1989; Ferrer and Matthews, 1987; Timelli,

1987; Owsusu-Yaw et al., 1986; Uchida et al., 1984). Using this

process, terpeneless citrus oils are obtained, which are rich in

oxygenated fractions comprising of aldehydes, alcohols and

esters (Sugisawa et al., 1989; Yamamoto et al.,  1989).

The present study reports the essential oil composition,

obtained from green peels of Citrus reticulata var. Kinnow,

which  is a hybrid produced by the inter-varietal cross of

two mandarin cultivars of C. reticulata, namely, King x Medi-

terranean (Nordby and Nagy, 1975). Constituents of the Kinnow

orange green peel oil were examined, and a comparison was

made with those of mature Kinnow orange peel oil reported

earlier (Haque, 1989). Detection and identification of the green

peel essential oils was carried out by GC-MS. Gas chromato-

gram provided the information of constituents present in the

essential oils, while mass spectra of the compounds aided in

the confirmation of chemical nature of these constituents.

Materials and Methods

The peel material for essential oils extraction. The full-sized

fruits of Kinnow orange fruit having green peel were obtained.

Immature fruits were selected for the essential oil extraction.

Due to the presence of chlorophyll, the fruit was green in

colour and thus capable of photosynthetic fixation of CO2,

similar to the process occurring in leaves (Kefford and Chan-

dler, 1970; Jhon and Sunday, 1965). When fruit ripens, the

chlorophyll contents change to carotenoids, transforming the

colour of the fruit from green to yellow. Green Kinnow orange

fruit of full size was collected, and 4 kg peel was shredded.

Hydrodistillation of fresh and finely divided green peels was

carried out to obtain the green peel essential oil fraction

(Gunther, 1948). The oil was extracted with ether : hexane (1: 4),

the solvent mixture was dried over anhydrous Na2SO4, and

removed under vacuum distillation. Vacuum distillation of the

solvent extract gave essential oil fraction as the residue. The

oil obtained was yellow in colour.

Gas chromatography-mass spectrometry. Jeol model JMS-

AX505H mass spectrometer in combination with Hewlett

Packard 5890 gas chromatograph was used for the GC-MS

analysis. Oil sample was injected into a 25 m x 0.22 mm WCOT

BP5 (5% phenyl, 95% dimethylsiloxane) fused silica column,

using helium as the career gas with the split ratio of 1:100; EI

positive mode, electron energy 70 ev, ionization current 300

µA, ionization source temperature 250 °C, interface tempera-

ture 230 °C, column temperature programmed at 60 °C for 4
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Introduction

Malaria is widely distributed, manifesting itself  in different

populations in different ways due to differences in the vari-

ous disease determining factors in different localities, such as

the strain of parasite, vector, prevalent environment, and the

humans themselves. The disease burden in Africa rests pre-

dominantly on young children and pregnant women, whereas

in Asia, adults are affected as much as are the children. In

Africa, the disease is characterized by death as the most sig-

nificant end-result,  whereas in other parts of the world, physi-

cal debility and loss of economic productivity are the pre-

dominant end-results (Fansidar  Monograph, 1998; McComark

and Morgan,  1987; Muto et al., 1971). Several reports have

been published on the successful treatment of acute attacks

of falciparum malaria in adults with sulfadoxine pyrimethamine

combination  since the middle sixties todate, both in chloro-

quine sensitive and chloroquine resistant areas. The earlier

reports were mainly focused on efficacy, tolerance and the

dose determining studies (Walker  et al., 1993; Weidekamn et

al., 1987; Walter et al., 1986;  Waxman and Herbert, 1969).

Fansidar, an antimalaria drug, is composed of two active in-

gredients: sulfadoxine (N´-(5,6-dimethoxy-4-pyrimidinyl)-

sulfanilamide and pyrimethamine (2,4-diamino-5-(p-

chlorophenyl)-6-ethyl pyrimidine) in a ratio 20 : 1 (sulfadoxine

500 mg and pyrimethamine 25 mg). It is available in tablets,

syrup and ampoule (Fansidar Monograph, 1998). The mode

of action is based on the reciprocal potentiation of its two
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Biochemical Changes Induced in Some Rabbit Tissues on the
Administration of an Antimalaria Drug, Fansidar

 O. I. Oloyede* and M. F. Asaolu

Department of Biochemistry, University of Ado-Ekiti, Ekiti State, Nigeria
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Abstract. The effect of Fansidar (40 mg/kg), a widely used antimalaria drug, was investigated  on enzyme activities and

some other biochemical constituents in some selected rabbit tissues. The enzymes  assayed were alanine transaminase,

aspartate transaminase and alkaline phosphatase. Total protein and glucose contents in the tissues were also deter-

mined. The results obtained showed a decrease in the activities of alanine transaminase  and aspartate transaminase in

liver and heart when the drug was administered. This indicates tissue damage, which was complicated with an increase

in the activities of these enzymes in the blood due to cell leakage. There was a significant elevation of alkaline

phosphatase activity in liver, heart and blood, on the third day of drug administration, which continued upto  the

seventh day only in the heart. This shows that prolonged usage of the antimalaria drug, Fansidar, may lead to cell

destruction and degradation.

Keywords: antimalaria drug, Fansidar, alanine transaminase, aspartate transaminase, tissue damage, alkaline phosphatase

components. The antimalaria action is accomplished by se-

quential blockade of the two enzymes involved in the bio-

synthesis of folic acid within the parasites.  Sulfadoxine is a

structural analogue of  para-aminobenzoic acid (PABA), and

it competitively inhibits the enzyme, dihydropleroate syn-

thetase, which is responsible for the incorporation of PABA

into dihydrofolic acid and decrease in the amount of meta-

bolically active tetrahydrofolic acid, a cofactor for the syn-

thesis of purines, thymidines and DNA. Pyrimethamine binds

to, and reversibly inhibits, the protozoal enzyme dihydro-

folate reductase, selectively blocking the conversion of

dihydrofolic acid to its functional form, tetrahydrofolic acid.

When pyrimethamine is administered concurrently with

sulfadoxine, synergism occurs, which is attributed to the

inhibition of tetrahydrofolate production at two sequential

steps in its biosynthesis (Fansidar Monograph, 1998).

The main objective of the present was to investigate the

effect of Fansidar on transaminase activities, so as to ensure

a prompt cure of malaria without any undue adverse effects.

Materials and Methods

The antimalaria drug. Fansidar tablets were obtained from

SwissPharma, Nigeria Limited (formerly Roche), Lagos State,

Nigeria. All other reagents used were of analytical grade and

were prepared in double glass-distilled water.

Animal groupings. Eight rabbits, both sexes, weighing

256 to 550 g, were obtained from the Animal Unit of the

Anatomy and Physiology Department, University of Ibadan,*Author  for correspondence
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Introduction

Interpecific variations in the fecundity of fishes are important

attributes of the inland water fisheries resources. Bagenal and

Braum (1978) defined fecundity as the number of ripe ova in

the female prior to the next spawning period, determined by

counting all mature eggs in the ovary in relation to the length,

body weight and ovary weight. Interspecific variations in the

fecundity of fishes is also critical in the fisheries biology due

to the relevance of these parameters in various applications,

such as the assessment of population capacity and spatio-

temporal regimes in the egg production capacity (Omoregie

et al., 1998; King, 1996). The knowledge of fecundity variance

among different families of fishes is of significance in the

investigations related to reproduction, life history, investment

in fisheries, and various applied aspects of fisheries biology

and pisciculture (King, 1997). Fecundity assessment of fishes

has been further useful in race identification, progeny

survival studies, stock evaluation, aquaculture-based induced

spawning, and egg incubation (Coastes, 1988; Mareus, 1982;

Bagenal, 1978). As a result, fecundity assessment of several

fishes has been the subject of a number of biological and

ecological studies (Pullin and Lowe-McConnell, 1982; Balarin,

1979; Fryer and Iles, 1972; Burchard, 1967).

King (1998) reported, in a study on the weight-fecundity rela-

tionship of Nigerian fish populations, that as the maximum

body weight of the fish increased, the number of eggs pro-

duced per gram increased. This trend may be linked to the

biomechanism where a fish continues to grow after the fecun-

dity has been stabilized, so that the fecundity for a given size

appears to decline, albeit remaining constant (Bagenal, 1978).

This phenomenon, best known in individual species, was also

observed in multispecific populations. Little is known about

interspecific fecundity variance of different families of fishes

in numerous small rivers and streams in Nigeria (Komolafe and

Arawomo, 1998; King, 1996). Besides the work of Roff (1986),

there appears to be no previous investigation, with a holistic

approach aimed at determining the fecundity variance with

regards to different fish families in a given small body of water.

Most of such studies in Nigeria have centered on families in-

habiting large rivers, lakes, lagoons and reservoirs (Fawole

and Adewoye, 1998; Mgbenekan and Eyo, 1992; Adebisi, 1987;

Nwadiaro, 1987; Nwadiaro and Okorie, 1986; Fagade, 1979;

1978; Akintunde and Imevbore, 1979).
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Interspecific Variations in the Fecundity of Some Dominant Fish

Populations in Ikpoba River, Nigeria
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Abstract. Interspecific variability and trends in the fecundity of five dominant fish species, namely, Auchanoglanis

occidentalis (Bagridae), Brycinus longipinnis (Characidae), Tilipia mariae (Cichlidae), Malapterurus electricus (Malap-

teruridae), and Xenomystus nigri (Notopteridae) from Ikpoba river were studied, vis-à-vis certain morphological attri-

butes. Estimates of the “b” value (regression coefficient; exponent of length-fecundity relationship) ranged between 0.301

in T. mariae and 3.265 in A. occidentalis with a mean of 1.850. The maximum size of the fish populations examined did not

significantly influence the relative magnitude of “b” (regression coefficient). The parameter β of the linear length-fecundity

(LF) relationship of the form F= β are also presented. Estimates of β (slope of regression coefficient) ranged from min 2.18

in X. nigri to max 142 in M. electricus. LF data in this study suggested that absolute fecundity of the fish populations was

dependent on the cube of their length, and hence body volume. There was a positive allometric functional relationship

between the mean total body weight, mean body condition and mean absolute fecundity (p < 0.05). The mean absolute

fecundity varied considerably among the families (coefficient of variation, cv = 74.04%). The decreasing order of variance

of the mean for absolute fecundity was M. electricus > T. mariae > B. longipinnis > A. occidentalis > X. nigri. The hierarchy

of mean absolute fecundity was B. longipinnis > M. electricus > T. mariae > A. occidentalis > X. nigri. There was no

significant relationship between the mean absolute fecundity and mean total length (p > 0.05). Interspecific divergence in

fecundity and morphometric attributes of these species (cv = 18.8-89.20%) appeared to enhance reproduction isolation or

partitioning. This explains, in part, the reason for sustainable coexistence of these fish species within the same habitat in

Ikpoba river.

Keywords: interspecific variation, fish fecundity, Ikpoba river, length-fecundity relationship, inland fishery
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Numerical Taxonomy of Two New Mite Species of the Genus

Caloglyphus Berlese (Acaridae) from Pakistan
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Abstract. During the mite sampling of the genus Caloglyphus, the taxonomical analysis of diagnostic features of the

hypopial stage confirmed two new taxa named as C. agrios and C. hadros. When compared with the already known

worldwide species within this genus, these species showed sufficient dissimilarity to be classified as separate taxa. The

characteristic features differentiating these new species from the other Caloglyphus species are the shapes of gnathosoma,

propodosoma, hysterosoma, apodemes, coxal fields, suctorial shield, and chaetotaxy and solenidiotaxy of legs. The present

study reports the historical review of the genus, completed with the information on already known species, their descrip-

tion, illustration of main characters, geographical distribution, host range, remarks on the new species, matrixes showing

comparisons, and the percentage of similarity along with a key for their identification based on hypopial characters for the

species known from Pakistan.

Keywords: new mite species, Caloglyphus, mite taxonomy, Caloglyphus agrios, Caloglyphus hadros, Acaridae, hypopus

*Author for correspondence; E-mail: drmsarwar64@yahoo.com

Introduction

Mites are the widely distributed tiny arthropods, that can be

found in granaries, threshing floors, stacks of hay and straw,

dead organic matter, soil, and plant residues. Family Acaridae

contains some damage-causing mite species, which are com-

monly encountered in granaries. The mite-attacked grains lose

nutrients and the ability to germinate, due to the mite-feeding

on the germ. Crushed bodies of the storage mites cause colou-

ration in flour that reduces the product value. Under normal

conditions, these mites develop according to the following

pattern: egg, larva, nymph-I, nymph-II, and adult. Some spe-

cies may produce hypopus under unfavourable conditions.

Hypopus is a diapause form that can be carried by rodents or

insects to other storing places. This stage offers maximum

conservation attributes and provides stable taxonomic cha-

racters. Therefore, taxonomy of the stored commodity mites

is largely based on the characters of this stage.

The genus Caloglyphus has been recorded from many coun-

tries of the world and is a key pest among the mite fauna in

some of these areas. The present bibliography attempts to

compile the world literature on Caloglyphus, which is likely

to prove a useful tool to researchers involved in all aspects

of managing this serious pest. Berlese (1923) first described

the genus Caloglyphus, designating Caloglyphus berlesei

Michael, 1903, as its type species. Some species of the genus

Caloglyphus have been reported from several regions of the

world. Zakhvatkin (1941) made a comprehensive review of this

genus: described four new species, and redescribed six spe-

cies with improved descriptions. Nesbitt (1949; 1944), and

Samsinak (1966), respectively, added four and one new spe-

cies to this genus. Mahunka (1979; 1978; 1974; 1973) described

five new species. Hughes (1976) made a good addition to the

knowledge of this genus. Tseng and Hsieh (1976) redescribed

one species with improved description. Samsinak (1980) revi-

sed the tribe Caloglyphini, reestablished the genus Calo-

glyphus and described one new species. Channabasavanna

et al. (1981), Rao et al. (1982), and Ashfaq and Chaudhri (1983),

respectively, added one, one, and four new species. Samsinak

(1988) mentioned one new species to the tribe Caloglyphini.

Zou and Wang (1989), Sevastyanov and Radi (1991), Sher

et al. (1991), Klimov (1996), and Eraky (1999) added one, three,

two, one, and one new species, respectively. Klimov (2000)

analyzed acarid mites of the tribe Caloglyphini with the

narrative of a fresh species. Klimov and Oconnor (2003)

published phylogeny, historical ecology and systematics of

various mites, together with full descriptions of each taxon,

keys and natal informations. Sarwar and Ashfaq (2004)

identified and described two new species from Pakistan.

Materials and Methods

For conducting the present study, representative localities in

various ecological zones of Pakistan were surveyed to explore

new taxa and distribution range of mites of the genus

Caloglyphus. All the collected samples of different stored

commodities were brought to the laboratory to process them

further by employing Berlese’s Funnel Method (Berlese, 1923).
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Introduction

Development of high yielding wheat cultivars has been one

of the major objectives of wheat breeding programmes

throughout the world. Grain yield is a complex trait, which

is the combined effect of many causal factors or plant

parameters. Knowledge of association among various traits

is important to make improvement in the overall crop yield.

Determination of correlation coefficients between various

characters helps in obtaining the best combinations of

attributes in wheat crop for the highest grain yield returns

per unit area.

Cause and effect relationship, or the path coefficient analysis,

is a handy technique which elaborates the extent of relation-

ship among different plant characters. It is an index to predict

the basis for allocation of weightage to each contributing com-

ponent in deciding upon suitable selection criteria for the

genetic improvement of complex characters, such as yield

(Rehman et al., 1998). Many workers have studied the rela-

tionship between grain yield and various yield contributing

components in wheat under different environmental condi-

tions. Hussain and Khan (1990) and Zaheer et al. (1987)

observed positive and direct effect of the number of grains

per spike and 1000-grain weight on yield.

Bahadur et al. (1993) observed that correlation coefficients

at the genotypic level were higher than phenotypic correla-

tion coefficients and observed  that grain yield was highly and

positively associated with tillers per plant, the ear-length, spike-

lets per ear, grains per ear, and 1000-grain weight. Uddin et

al. (1997) evaluated genotypic and phenotypic correlation for

grain yield per plant and other quantitative characters in

21wheat varieties and found that grain yield per plant was

positively and significantly correlated with spikes per plant,

spikelets per spike, and 1000-grain weight. Nabi et al. (1998)

estimated phenotypic and genotypic correlation coefficients

among various morphological characters and reported that

grains per spike had positive and significant genetic and

phenotypic correlation with grain yield. Dhonde et al. (2000)

recorded nine yield-related components in 40 genotypes.

Higher genotypic and phenotypic correlation coefficients were

observed for productive tillers per plant, plant height, grains

per ear and grain yield  per plant. Number of grains per ear and

grain weight per ear had the highest direct effect on grain yield.

Shukla et al. (2000) evaluated 25 cross-combinations of

wheat for yield related components and recorded significant

positive association of desirable traits, such as grains per

ear, tillers per plant and 1000-grain weight. The present study

was undertaken to evaluate the relationship amongst

different biometric traits and their direct and indirect effect

on grain yield in bread wheat under rainfed conditions.

Materials and Methods

Twenty-five cross-combinations comprising five parents,

namely, GPW-235, GPW-273, GPW-272, GPW-36 and GPW-

37, ten F-1s, and ten reciprocals were evaluated for establish-

Cause and Effect Relationship for Some Biometric Traits in

Bread Wheat

Nazar Muhammad Cheema*, Muhammad Ashraf Mian, Muhammad Ihsan,

Muhammad Azeem Tariq, Ghulam Rabbani and Abid Mahmood

Barani Agricultural Research Institute, P.O. Box 35, Chakwal, Pakistan

(received July 27, 2004; revised June 6, 2005; accepted August 31, 2005)

Abstract. Genotypic and phenotypic correlations and path coefficient analyses were conducted for grain yield and

some biometric traits in 25 cross-combinations of bread wheat under the rainfed conditions. Significant positive geno-

typic and phenotypic association was observed between grain yield per plant, and the yield components, such as

productive tillers per plant, spike-length, spikelets per spike, grains per spike and 1000-grain weight. The path coeffi-

cient analysis revealed that the number of grains per spike and 1000-grain weight had the maximum direct effect on

grain yield. These traits may be considered as the selection criteria for developing high yielding wheat genotypes for

rainfed areas.

Keywords: bread wheat, biometric traits, grain yield, correlation coefficient, path coefficient analysis, rainfed wheat

crop
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Combining Ability Analysis of Seed Cotton Yield and its Components in

Cotton (Gossypium hirsutum)
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Abstract. In order to examine the genetic mechanisms controlling seed cotton yield and its components, four lines of

Gossypium hirsutum L., MNH-554, Delcerro, Coker-304 and Albacala-(71)1190 were crossed in all possible combina-

tions. Combining ability analysis of the data revealed that general combining ability effects were highly significant at p =

0.01, in respect of the number of bolls, seed cotton yield and lint percentage. The general combining ability variances were

greater than specific combining ability variances, which showed the predominance of additive gene effects. Among the four

parents, MNH-554 appeared to be the best general combiner for all the characters studied. Due to the preponderance

effects of additive genes, it seems that single plant selection in segregating generations would be effective for improving the

seed cotton yield and its various components.

Keywords: combining ability, Gossypium hirsutum, seed cotton yield, additive variance
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Introduction

For the development of genetically promising plant materi-

als through hybridization, selection of the appropriate par-

ent stock  is the crucial step in plant improvement strate-

gies. The selection of desirable plant characteristics in the

breeding population can be effective, if information on the

pattern of inheritance of plant yield and its components is

also available. Several biometrical techniques are available,

which can provide the working knowledge for determining

the genetic basis of variation in different plant characters.

These techniques include graphic analysis (Hayman, 1954),

North Carolina designs (Comstock and Robinson, 1952),

triple test cross technique (Kearsey and Jinks, 1968), gen-

eration mean analysis (Hayman, 1958), line x tester analysis

(Kempthorne, 1957), besides several others. All these tech-

niques describe the mode of gene action controlling the

manifestation of characters. None of these techniques, how-

ever, deal with the potential of the parents involved in a

crossing programme. The combining ability analysis

(Griffing, 1956) is a biometrical method, which identifies the

parents having the best combining ability and the effects

of genes governing the inheritance of characters. This

method was, therefore, followed in the present invisti-

gations to collect information on seed cotton yield and its

components.

In some previous genetic studies, the pattern of inheritance

of seed cotton yield and its components normally appeared

to vary, whereas both additive and non-additive gene effects

have been reported in the literature. The work of Shakeel et

al. (2001) and Khorgade et al. (2000) showed that the seed

cotton yield was normally affected by the genes having domi-

nance characteristics. On the contrary, Islam et al. (2001) and

Hassan et al. (2000) have reported the genetic mechanism

under additive gene effects. Similarly, the number of bolls,

which is an important attribute  of cotton plant yield, was

reported to be controlled by non-additive gene effects

(Ahmad et al., 2000). Other studies, however, have shown it

to be affected by genes with cumulative effects (Kumareson

et al., 2000; Ajmal et al., 2000). Ginning percentage was also

observed to be under the influence of genes acting addi-

tively and non-additively (Pavasia et al., 1999). The present

study was carried out to remove this confusion by undertak-

ing investigations on these aspects on some of the genetic

materials available in the Department of Plant Breeding and

Genetics, University of Agriculture, Faisalabad, Pakistan. The

observations so made are likely to be useful for continued

genetic improvement in the Gossypium hirsutum L. lines

through the conventional breeding methods.

Materials and Methods

Study material. For the purpose of examining the genetic

basis of yield and its components in G. hirsutum, the experi-

mental materials used in the studies were developed by cross-

ing four parents, namely, MNH-554, Coker-304, Delcerro, and

Albacala-(71)1190 in 4x4 complete diallel fashion.

Experimental design and collection of data. The seeds of the

parents were sown in 30x30 cm earthen pots using the green-

house facility.  At the time of flowering, the plants were
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Abstract. Seven seed storage fungi (Aspergillus flavus, Alternaria brassicae, Helminthosporium brassicae, Penicillium sp,

Pythium sp, Rhizoctonia solani and Fusarium oxysporum) were isolated from four mustard seed varieties (B-raya, Y-raya,

B-M-1 and S-9). A. flavus was the most predominant fungus found on seeds of all the four mustard seed varieties. The

germination percentage of the fungal infected seeds of B-raya  decreased significantly,  followed by Y-raya, B-M-1 and S-

9 mustard seed  varieties, both in the laboratory and the pot-scale studies. It was noted that weight and oil contents of seeds

of all the four varieties decreased in those that were infected by fungi during storage in comparison with the seeds that were

stored in sterilized bottles. The fungal infected seeds  also had lower  glucosinolate and erucic acid  contents  than those of

the non-infected seeds.

Keywords: storage fungi, mustard seed, seed quality parameters, glucosinolate in mustard, erucic acid in mustard, stored

seed germination
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Introduction

Mustard (Brassica  juncea L) is commonly known as “sarson”

in the Indo-Pakistan sub-continent. It is an annual winter  crop

and a major oil seed source in  Pakistan. It is cultivated in the

temperate regions of the world, in Europe, China, India and

Pakistan (Shafi et al., 1994). In Pakistan, it is cultivated in all

the provinces while the  province of Punjab is its major area of

cultivation. The total area under the cultivation  of mustard in

Pakistan is 33950 hectares, averaging 859 kg/ha (PARC, 1998).

The average oil and protein content in the mustard seed is 38-

45% and 28%, respectively (Bhatti and Soomro, 1994). Mus-

tard plant, during all the stages of its growth,  is attacked by a

number of diseases, such as downy mildew (Peronospora

parasitica), white rust (Albugo candida), powdery mildew

(Erysiphe cichoracearum), blight  (Alternaria brassicae),  wilt

(Fusarium oxysporum), stem and root rot (Sclerotinia

sclerotiorum), and seed storage rots caused by species of

Rhizoctonia, Aspergillus, Penicillium and Fusarium  (Rakesh

et al., 1995).  The seed mycoflora associated with abnormal

wrinkled and discoloured mustard seeds include Chaetomium

indicum,  Cladosporium fulvum, Penicillium rubrum,  Alter-

naria brassicae, Rhizopus arrhizus, Fusarium sp, Alternaria

brassicae (Kumar et al.,1986); Rhizoctonia brassicae,

Pyrenopeziza brassicae, Botrytis cinerea, Fusarium

oxysporum, Macrophomina phaseolina, Pythium butteri,

Urocystis brassicae  (Saha and Singh, 1988); and Altenaria

curvularie, Aspergillus sp, Rhizopus sp and Mucor sp  (Rani

et al., 1995). Healthy seeds play  an important role in increas-

ing plant population, improving seed quality and yield of any

crop  species (Hafiz, 1986).

Keeping in view the importance of mustard seed  crop in the

production of oil in the country, the present studies were

carried out to evaluate the effect of storage fungi on the seed

quality parameters of different mustard varieties.

Materials and Methods

Collection of mustard seeds. Seed samples of four mustard

varieties,  namely,  B-M-1, S-9, brown raya (B-raya) and yellow

raya (Y-raya) were obtained from the Oil Seed Section of Agri-

cultural Research Institute, Quetta, Pakistan. 1 kg seeds of

each variety were stored for 6 months at 25 °C and 8-20%

relative humidity in open atmosphere. Furthermore, 1 kg  seeds

of each variety were stored for 6 months in sterilized glass

bottles at 25 °C and 8% relative humidity.

Isolation and identification of storage fungi. 200 seeds of

each variety, stored in the open, were thoroughly washed un-

der running tap water for about 20 min. These seeds were

sterilized by rinsing in 0.01% mercuric chloride for 1-2 min and

washing twice with distilled water for about 2-3 min. 25 seeds

of   each variety were placed  in petri dishes containing steril-

ized potato dextrose agar medium. All plates were kept at room

temperature (25±1 °C) for 12 days in three  replications. The

fungi associated with each seed were  identified on the basis

of their specific mycelial and spore characteristics using  the

genera identification protocol  (Agrios, 1978) . The percentage

of infection in the storage fungi was determined using the
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Abstract. Commercial and candidate bread wheat varieties were evaluated for durable resistance to rusts. The candi-

date varieties included genotype lines from the National Uniform Wheat Yield Trial, including Rainfed, Normal and

Short trial programmes. A total of 89 genotype entries were evaluated. The evaluation was done on the basis of well

recognized visual phenotype marker, the adult plant leaf tip necrosis. It was noted that 64% of the genotype varieties

expressed this phenotype marker.
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Bread wheat (Triticum aestivum L.) is the staple food of the

population, and an important commodity in the economy of

Pakistan. Therefore, every Government agenda during the last

50 years has received the top-most priority for increasing wheat

production with the objective of attaining self-sufficiency in

this important food crop. Yellow rust (Yr) and leaf rust (Lr)

are the major biotic constraints, which have been the cause of

putting wheat yields at risks in Pakistan. Genetic resistance is

the most effective and environmentally sound method of con-

trolling these diseases (Hussain et al., 1997). Resistance to

rusts in improved wheat cultivars, in the past, was solely based

on major race-specific genes that often succumbed to virulent

pathogenic mutant strains within five to seven years

(CIMMYT, 1992). This was experienced in Northern parts of

Pakistan in the early 1990s when two popular wheat culti-

vars, namely, Pirsabak-85 and Pak-81, became susceptible to

Yr9 resulting in yield losses of up to 40% (Saari et al., 1995).

These losses can be minimized by carefully screening the com-

mercial and future candidate wheat genotypes for slow rust-

ing, before their release for field cultivation. The durability of

resistance can be assessed  by careful observation of pheno-

typic traits, and analysis of the area under disease progress

curve (AUDPC). With this objective in view, field screening

experiments on 54 promising genotypes and 35 commercial

wheat varieties, received from the National Wheat Improve-

ment Programme, were carried out at the National Institute

for Food and Agriculture (NIFA), Peshawar, Pakistan. The

candidate wheat genotypes were taken from the National Uni-

form Wheat Yield Trial-Normal (NUWYT-N), National Uni-

form Wheat Yield Trial-Short (NUWYT-S), and National Uni-

form Wheat Yield Trial-Rainfed (NUWYT-R). The commer-

cial wheat varieties were taken from the Trap Nursery (TN).

NUWYT-N, NUWYT-S and NUWYT-R genotypes consisted

of 20, 20, and 14 entries, respectively, which were sown in

replicated trials, whereas the TN included  35 commercial

varieties which were sown next to the candidate genotype tri-

als. Every entry was planted in a single meter row, separated

by 0.3 m. Two spreader rows, with a mixture of susceptible

genotypes (Local White, Morocco and Sonora), were planted

around the trial nurseries. In addition, two rows of suscep-

tible check (Local White) were planted, 20 entries apart, in  in

the TN entries.

Despite massive inoculation of the spreader rows, after sun-

set, using Yr and Lr virulent races prevailing in the North-

West Frontier Province of Pakistan, it was not possible to ob-

tain satisfactory epidemic disease levels. This may have been

due to the  unfavourable dry weather that had prevailed dur-

ing the whole growing season. Under our experimental field

conditions, adult plant leaf tip necrosis (APLTN), a recog-

nized visual marker for the presence of durable rust resistance

genes (Lr34 and Yr18), was used as the evaluation tool in the

absence of disease response to the virulent rust races in the

experimental field inoculations (CIMMYT, 1992; Singh,

1992).

Out of the 89 genotypes studied, 57 showed  APLTN (Table

1). The number of entries with APLTN varied between 6-

22 per experiment. All the promising entries in the

NUWYT-R genotypes showed that trait. In the other three

experiments, up to 75% of the genotypes showed this use-

ful morphological marker. The commercial varieties and

candidate wheat genotypes used in the present study were

either direct selections from CIMMYT (International Maize

and Wheat Improvement Centre, Mexico), or the CIMMYT

Short Communication

366



Multiple Shoot Bud Formation and Plantlet Regeneration from in vitro
Cultured Pistacia vera Seeds

Shaista Jabeen and  Nasreen Zaidi*

Food and Biotechnology Research Centre, PCSIR Laboratories Complex, Lahore-54600, Pakistan

(received October 2, 2003; revised January 8, 2005; accepted August 10, 2005)

Pak. J. Sci. Ind. Res. 2005 48(5) 368-370

Abstract. Studies were carried out on the primordial initiation and development of shoot buds derived from pistachio

(Pistacia vera) seedlings, cultured on MS medium with added 6-benzylaminopurin (BA). The in vitro culture of  pistachio

seeds in the presence of BA (1.0 - 4.0 mg/l), plus kinetin (Kin, 1.0 mg/l) and naphthalene acetic acid (NAA, 0.25-1.0

mg/l) stimulated varying degree of seed germination and the number of shoots produced. When excised single shoots

from these in vitro cultured  seeds were subcultured on fresh medium containing high concentration of BA (4.0 mg/l),

alongwith Kin and NAA, multiple shoot production was observed. Normal bud growth and shoot elongation were achieved

by transferring cultures to the MS medium containing low concentration of the growth regulators BA (1.0 mg/l), plus

NAA (0.25 mg/l) and Kin (1.0 mg/l).

Keywords: Pistacia vera, pistachio plantlet regeneration, multiple shoot formation, in vitro seed culture, primordial

   initiation

Pistacia vera (the pistachio nut plant) is a tree crop, which

grows  naturally in the low rainfall areas where the irrigation

water supply is also insufficient. The plant produces nuts,

which are of significant economic importance having high

nutritional value. Inspite of these attributes, arboriculturists

are not sufficiently attracted to pistachio orchard growing. It

is partly due to the imbalanced ratio of male and female plants

and the late expression of plant sex, at the age of 6-7 years.

The male plants far outnumber the female plants. Thus, the

plant nurseries raised from seeds put a serious constraint on

time and money in terms of investment on non-productive

stock. In addition to this, the other serious  causes that hinder

the propagation of this plant include its lack of resistance to

pests and some common diseases, as well as the instability of

characters in the seed-grown plants. A rapid multiplication

method, based on a disease  resistant and stable character stock,

is likely to help overcome these problems effectively.

The potential of tissue culture techniques for the propagation

of woody plants has been extensively reported (Nowak et al.,

2004; Quraishi et al., 2004; Ahmed et al., 1995; Philips, 1984;

Zimmerman, 1979; Boxus, 1974; Mehra and Mehra, 1974).

Although the pistachio tissue culture has also been reported,

the success in plant regeneration has been only limited (Ahmed

et al., 1995; Jabeen et al., 1995; Baragchi, 1986a; 1986b;

Bustamante-Garcia, 1984). The present study reports the re-

quirements for successful in vitro multiple shoot  formation

and plantlet regeneration from excised single juvenile shoots

of pistachio raised from in vitro cultured seeds.

Seeds of Pistacia vera were procured from the Department of

Agriculture, Quetta, Pakistan. After  removing  the testa, the

pistachio seeds  were submerged in 95% ethanol for a few

seconds and distinfected by immersion in 0.1% HgCl
2
 solu-

tion containing 2-3 drops of Tween-20 per 100 ml of the dis-

infectant. After 20 min, the seeds were rinsed three times with

sterile distilled water and placed directly on  the MS medium

(Murashige and Skoog, 1962). Growth regulators, such as

6-benzylaminopurin (BA), kinetin (Kin) and naphthalene ace-

tic acid (NAA), were added  to the defined MS medium indi-

vidually (BA), or in combination (BA+NAA, NAA+ Kin,

BA+NAA+Kin). To obtain the growth of regulator-treated

seedlings, pistachio seeds were inoculated on the defined MS

medium, supplemented with various concentrations and com-

binations of growth regulators. The growth medium pH was

adjusted to 5.7. To the liquid MS medium were added 0.8%

agar and 3% sucrose, which was then autoclaved for 20 min

at 121 °C at 15 lb psi pressure. The pistachio seeds were asep-

tically placed on the solidified culture medium and incubated

in a growth chamber at 20±2 °C with 16 h photoperiod. Cool

white fluorescent light of 3000 Lux intensity was provided in

the growth chamber.

The effect of addition of  BA, alone, or of BA and Kin in

combination with NAA on the pistachio seed germination was

examined.  The results showed that the percentage of seed

germination was  high  (42-47%), whether BA was used alone,

or when BA or Kin was used in  combination with NAA (Table

1). The seed germination, in comparison, was below 30% when

seeds were in vitro cultured on the MS basal medium with no

added growth regulators. The rate of seed germination was*Author for correspondence; Email: drnasreenz@yahoo.com
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