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AIMS & SCOPE

Pakistan Journal of Scientific and Industrial Research ( PJSIR ) was started in 1958 to disseminate

research results based on utilization of locally available raw materials leading to production

of goods to cater to the national requirements and to promote S&T in the country. Over the past

58 years, the journal conveys high quality original research results in both basic and applied

research in Pakistan. A great number of major achievements in Pakistan were first disseminated

to the outside world through PJSIR.

It is a peer reviewed journal and published in both print and electronic form. Original research

articles, review articles and short communications from varied key scientific disciplines are

accepted however, papers of Pure Mathematics, Computer Sciences, Engineering and Medical

Sciences are not entertained.

From 54th Volume in 2011, it has been bifurcated into Series A: Physical Sciences & Series B:

Biological Sciences. Each series appears three times in a year as follows:

Physical Sciences in January-February, May-June and September-October issues. It includes

research related to Natural Sciences, Organic Chemistry, Inorganic Chemistry, Industrial

Chemistry, Physical Chemistry, Environmental Sciences, Geology, Physics, Polymer Sciences

and Technology. 

Biological Sciences in March-April, July-August and November-December issues. Papers

included in this series are from Agriculture, Agronomy, Botany, Biochemistry, Biotechnology,

Food Sciences, Genetic Engineering, Pharmaceutical Sciences, Microbiology, Marine Sciences,

Soil Sciences, Tissue Culture, Zoology and Technology.

Due to many global issues, we are encouraging contributions from scientists and researchers

from all across the globe with the sole purpose of serving scientific community worldwide on

the whole and particularly for our region and third world countries.



Effect of Terminal Drought Stress on Morpho-physiological

Traits of Wheat Genotypes

Muhammad Jurial Baloch
a
*, Irfan Ali Chandio

a
, Muhammad Ahmed Arain

a
,

Amanullah Baloch
a
 and Wajid Ali Jatoi

b

a
Department of Plant Breeding and Genetics, Sindh Agriculture University, Tandojam, Sindh, Pakistan

b
Cotton Section, Agriculture Research Institute, Tandojam, Sindh, Pakistan

(received May 05, 2015; revised March 30, 2016; accepted April 15, 2016)

Pak. j. sci. ind. res. Ser. B: biol. sci. 2016 59(3) 117-125

Abstract. Development of wheat varieties with low moisture requirements and their ability to withstand

moisture stress may cope-up well with the on-coming peril of drought conditions. Ten wheat genotypes

including two new strains, PBGST-3, Hero, Bhittai, Marvi, Inqlab, Sarsabz, Abadgar, Kiran, Khirman and

PBGST-4 were sown in split plot design with factorial arrangement in four replications at Experimental

Field, Department of Plant Breeding & Genetics, Sindh Agricutlure University, Pakistan during 2012-13.

The results revealed that water stress caused significant reductions in all morpho-physiological traits. The

genotypes differed significantly for all the yield and physiological traits. The interaction of treatments ×

genotypes were also significant for all the traits except  plant height, productive tillers/plant, grains/spike

and harvest index, were non-significant which indicated that cultivars responded variably over  the stress

 treatments suggesting that breeders  can select  the promising genotypes for both  stress and non-stress

environments. Among the genotypes evaluated Bhittai, Kiran-95, PBGST-3 and Sarsabz showed good

performance as minimum reductions occurred under terminal stress conditions for all the traits studied.

Hence, above mentioned genotypes were considered as drought tolerant group. The high positive correlations

of physiological traits like chlorophyll content and relative water content with almost all yield traits indicated

that these physiological traits could serve as reliable criteria for breeding drought tolerance in wheat. The

negative correlations of electrolyte leakage with several important yield traits indicated that though this

physiological trait has adverse effect on yield attributes, yet it could reliably be used to distinguish between

drought tolerant and susceptible wheat genotypes.

Keywords: drought stress, yield attributes, physiological traits, correlations, wheat genotypes, eleclrolyte

leakage

*Author for correspondence; E-mail: j.rind58@gmail.com

Introduction

Although breeders are continuing to improve the yield

potential of wheat, however, progress to achieve increa-

sing wheat yields in drought environments has become

more difficult (Jones, 2007). In defining a strategy for

wheat breeding under drought tolerance, Rajaram et al.

(1996) suggested that simultaneous evaluation of

germplasm should be carried-out both under near

optimum conditions (to utilize high heritability and

identify genotypes with high yield potential) and under

stress conditions (to preserve alleles for drought tolerance).

In wheat, yield is  reduced mostly when drought stress

occurs during heading or flowering and soft dough

stages. Drought stress during maturity resulted in about

10% decrease in yield, while moderate stress during

the early vegetative period had essentially no effect on

yield (Jatoi et al., 2012). Munjal and Dhanda (2016)

noted that  mean performance of wheat genotypes for

grain yield under irrigated conditions was significantly

higher than under drought stress conditions. Therefore,

physiological and biochemical approaches have a great

importance in order to understand the complex responses

of plants to water deficiency which could help to develop

new varieties rapidly. Development of cultivars with

high yield is the main goal in water limited environments

but success has been modest due to the varying nature

of drought and the complexity of genetic control of

plant responses (Mirbahar et al., 2009). Various quanti-

tative traits (including morphological and physiological

characteristics) have been proposed for the selection of

tolerant genotypes to drought stress (Hammad et al.,

2014). A wide range of putative selection criteria that

could be used to increase drought tolerance in plants is

available, however, very few examples of success obtained

using physiological traits in breeding programmes. A

physiological approach would be the most attractive

way to develop new wheat varieties, but breeding for

specific and sub-optimal environments involve a deeper

understanding of yield determining process (Araus
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Introduction

Strawberry (Fragaria ´ ananassa Duch) is a delicious

exotic small fruit crop in Bangladesh. It is photo sensitive

as well as thermo sensitive. It has adapted to different

environmental conditions and being cultivated across

the world (Rice, 1990). The cultivars, which are growing

in Bangladesh are short day plants. Environmental

conditions prevailing during October to March are

suitable for growth and development of strawberry

(Ahmad and Uddin, 2012). In Bangladesh there is a

cycle of six seasons in a year. Environments of each of

every two months are significantly different from the

other seasons. The temperature in Bangladesh starts

decreasing from the second half of October after which

the temperature starts to increase until the end of

February. Extreme environmental conditions of March

are not suitable for strawberry (Ahmad and Uddin,

2012). Daytime temperatures of about 20-26 °C and

night time temperatures of about 12-16 °C, with 8-12

h/day length are optimum for higher yields and quality

fruits of strawberry (Darnell, 2003). Planting time thus

exposes plants to different growing conditions. High

temperature can cause morphological, anatomical,

physiological, and biochemical change in plant tissue

influencing growth and development of crop (Biscoe

and Gallagher, 1978). Early planting encourages vege-

tative growth. On the other hand late planting exposes

plant to high temperature zone of climate cycle which

shortens developmental phases and thus reduces yield

(Rice, 1990). However, cultivar differences in response

to high temperature have not been sufficiently reported.

Selection of cultivars is one of the strategies to cope

with abiotic climatic stresses like high temperature and

change of precipitation pattern (Zheng et al., 2009).

Therefore, the present study was undertaken to evaluate

cultivars in different planting times to prolong strawberry

season in sub-tropical regions like Bangladesh.

Materials and Methods

Experimental site, design, layout and plant produc-

tion. The study was conducted on the Fruit Research

Farm of the Horticulture Research Centre, Bangladesh

Agricultural Research Institute, Gazipur, Bangladesh

Phenology and Yield of Strawberry as Influenced

by Planting Time and Genotypes in a Sub Tropical Region

M. Moshiur Rahman*, Madan Gopal Saha, M. Nazirul Islam,
M. Azmat Ullah and A.K.M. Quamruzzaman

Horticulture Research Centre, Bangladesh Agricultural Research Institute (BARI), Gazipur-1701, Bangladesh

(received April 6, 2015; revised June 8, 2016; accepted June 16, 2016)

Pak. j. sci. ind. res. Ser. B: biol. sci. 2016 59(3) 126-132

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

Abstract. Effects of planting time on phenology of five strawberry genotypes �Sweet Charlie�, �Festival�,

�Camarosa�, �FA 008�, and �BARI strawberry-1� were evaluated at Bangladesh Agricultural Research

Institute in two consecutive years 2009-2010 and 2010-2011. �Sweet Charlie� took the shorter time to

begin flowering, followed by �BARI Strawberry-1� and �Festival� when planted in 1st October. Genotype

�FA 008� took longer time to flower when planted in 1st December. Days to flowering of all the varieties

was found to decrease with the increase in air temperature. Regardless of planting year, the genotype �FA

005� followed by �Camarosa� and �Festival�, planted on 1st September, exhibited the longest harvest duration,

while �Sweet Charlie� planted on 1st December exhibited the shortest harvest duration in both years.

Genotype �Festival� planted on October yielded fruit with the greatest fruit weight, followed by �Sweet

Charlie� and �Camarosa� planted on the same date. Plants of �FA 008� and �BARI Strawberry-1� planted

in December produced minimum fruit weight. Maximum number of fruits/plant as well as yield/plant

obtained from �Sweet Charlie� planted in October, while BARI Strawberry-1 planted in December yielded

the least. With the use of quadratic equation it was estimated that maximum yield was obtained at ambient

temperature 18.5 °C then it was decreased with the increase of temperature. Strawberry planted in early

October was found to be the most suitable in Bangladesh. Among the studied genotypes, �Sweet Charlie�

was found to be superior in yield and early planting, and �Camarosa� was suitable for late planting. �Festival�

was found less sensitive to planting date.

Keywords: phenology, strawberry, planting time, sub tropical region
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Pak. j. sci. ind. res. Ser. B: biol. sci. 2016 59(3) 133-138

Abstract. Soil seed banks  were assessed in three soil layers (L1, from 0 to 2 cm, L2, 2 to 4 cm and L3,

4 to 6 cm depth ) from five microhabitats  i.e., Lee-ward side of sand dune (S1), Wind-ward side of sand

dune (S2), Clayey area covered with sand (S3), Interdunal sandy area (S4) and  Shifting sand dune of site

Dingarh Fort area (S5) in Cholistan desert of Pakistan to analyse differences of soil seed bank among these

habitats. Ten soil samples were collected from each microhabitat and from each layer i.e., 0-2 cm depth

(L1), 2-4 cm depth (L2) and 4-6 cm depth (L3) by using 15´15´6 cm metallic sampler. Consistent

differences in seed composition were observed among these microhabitats. Seedling emergence approach

was used to assess the soil seed bank of Cholistan desert. Canonical correspondence analysis (CCA) was

used for the soil seed bank and the plant species analysis. The microhabitats S3 (Clayey area covered with

sand) and S4 (Interdunal sandy area) contributed prominently to the total variance in the species and had

maximum density of seed bank and soil layer L1 contained maximum number of seeds.

Keywords: Cholistan desert, seed bank, microhabitat, canonical correspondence analysis

*Author for correspondence; E-mail:ziaghazali@gmail.com

Composition of Soil Seed Bank Over Cholistan Desert

Microhabitats at Dingarh Fort Area, Pakistan

Abdul Hamid
a
, Muhammad Arshad

a
, Hafiz Muhammad Zia Ullah Ghazali

b*,
Mansoor Hameed

c
, Malik Muhammad Yousaf

d
 and Mumtaz Hussain

d

a
The Islamia University of Bahawalpur, Pakistan

b
Regional Agricultural Research Institute, Bahawalpur, Pakistan

c
University of Agriculture Faisalabad, Faisalabad, Pakistan

d
Arid Zone Research Institute (AZRI) , Bahawalpur, Pakistan

(received May 28, 2015; revised April 12, 2016; accepted April 13, 2016)

Introduction

Cholistan is a hot and sandy desert in South of Punjab

province of Pakistan (Arshad et al., 2002). The mean

annual rainfall ranges from < 100 mm in the West and

up to 200 mm in the East. Rain usually occurs during

monsoon (July-September) and spring (January- March).

Average minimum and maximum temperature ranges

between 20 °C and 40 °C, with highest soaring up to

50 °C (Arshad et al., 2002; Mughal, 1997). As annual

rainfall is highly variable both on temporal and spatial

scales, aridity is the most striking feature of this desert

with wet and dry years occurring in clusters. Information

of soil seed banks and their relationship to the standing

vegetation of this area is a fundamental part of our

scientific knowledge and understandings about the

ecological and physiological processes through which

all plants in general and desert plants in particular have

become adapted to their variable and harsh environment.

Although the literature related to seed banks is increasing

and expanding (Mandák et al., 2012; Zuo et al., 2012;

Schütz et al., 2008; Wolters and Bakker, 2002; Gul and

Khan, 2001; Khan, 1993; Benoit et al., 1989; Egley,

1986) however, the present literature has no evidence

about the seed bank of Cholistan desert of Pakistan. A

major generalization of desert ecology is that the number

of seeds per unit area in the soil seed bank remarkably

varies among microhabitats, so far as in any desert

different microhabitats can be selected for analysing

the seed bank. Assessing differences in seed composition

of distinct microhabitats can clarify the relationship

between patterns and processes of soil seed banks.

Knowledge of the particular location of different seed

types may explain the spatial pattern of plant recruitment

at the microhabitat scale (Marone et al., 2000). The

detection of differences in composition of soil seed

banks, but not of gross differences in total seed numbers,

can help to identify the main ecological mechanisms

which govern seed fluxes in arid and semiarid

ecosystems of deserts like Choilstan. From 80 to 90%

of soil seeds are present in the upper 2 cm of soil (Al-

Yameniand Farraj, 1995; Reichman, 1975; Childs and

Goodall, 1973) and of those, most are in the litter or

top few centimeters of soil ( Bastida et al., 2010; Young

and Evans, 1975). The information on how spatial scale

influences the spatial heterogeneity of soil seed banks

in a grassland under grazing disturbance is still lacking

(Zuo et al., 2012). Same is the case with the information

about the soil seed bank of Cholistan desert, although

the soil seed bank is very important for conservation
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Introduction

Changing dietary patterns have led to preparation of

certain health endorsing foods. Amongst, dietary fibre

holds paramount importance in addressing various

lifestyle related disorders.

In this regard people put their health at stake and adopt

such dietary patterns that are health deteriorating leading

to various ailments. In this regard they use junk foods

that are deficient in dietary fibres. Therefore, to fulfill

this need, sugar beet can be used as a good dietary fibre

provider.

Sugar beet (Beta vulgaris) a good source of energy, nutrition

and dietary fibre belongs to the family Chenopodiaceae

(Ahmad et al., 2012). It has many varieties of different

shapes and colours. Sugar beet has a characteristic barn,

silage like, musty or strong earthy odour because of two

main compounds namely: geosmin (tarns-l,10-dimemyl-

trans-(9)-decalol) and 2-methoxy-3-sec-butylpyrazine

(Lu et al., 2003). It is a potential source of phenolic and

potent antioxidant compound with significant amount

of various vital phenolic acids (Vulic et al., 2012) with

chlorogenic, gallic, gentisic, ferulic and coumeric acids

(Belal, 2007; Sakac et al., 2004; Brand-Williams et al.,

1995). Ferulic acid, a potent antioxidant is much higher

in sugar beet as compared to wheat flour and wheat

bran.

It is a good source of minerals and vitamins especially;

vitamin A, C, folate, potassium, sodium, magnesium,

calcium, iron, copper and zinc (Skrbic et al., 2010). It

contains betaine along with folic acid, vitamin B12 and

vitamin B6 which helps to reduce higher levels of

homocysteine (Schnyder et al., 2002). Sugar beet is

also high in bio-flavonoids and has half sweetness than

sucrose therefore more suitable for hyperglycemic

patients (Vulic et al., 2012).

Almost 70% total dietary fibre of sugar beet composed

of 1/3rd soluble fibre and 2/3rd insoluble fibre (Filipovic

et al., 2007). Being a good source of dietary fibre it

reduces the risk of cancers, obesity, diabetes, gallstone

formation and heart diseases; prevents and treats consti-

pation and cures diverticulitis (Ahmad et al., 2012).

Besides providing health benefits, it also performs

certain functional properties in food products i.e., it can

act as antioxidant, anticaking, binding, bulking, dispersing,

thickening, stabilizing and texturizing agent in various

food products like patties, sauces, sausages, snacks,

fruit fillings, yogurt, beverages and bakery (Ralet

et al., 2009; Thibault et al., 2001).

Biochemical Characterisation and Dietary Fibre Analysis of

Sugar Beet Supplemented Cookies

Imran Pasha, Muhammad Farhan Jahangir Chughtai*, Sabeen Akhter,
Aysha Sameen and Muhammad Sajid Manzoor

National Institute of Food Science and Technology, University of Agriculture, Faisalabad, Pakistan

(received February 1, 2016; revised May 12, 2016; accepted May 19, 2016)

Pak. j. sci. ind. res. Ser. B: biol. sci. 2016 59(3) 139-145

Abstract. This study was planned to utilize sugar beet powder as a rich source of dietary fibre in cookies.

Purposely, five treatments namely T1, T2, T3, T4 and T5 with 4%, 8%, 12%, 16% and 20% sugar beet

powder addition in wheat flour were chosen to estimate fibre, antioxidant profiling and engineering

properties of cookies. Results showed an increased content of all above mentioned parameters. With the

increment in sugar beet powder addition in treatments, dietary fibre analysis have shown that total dietary

fibre (TDF), insoluble dietary fibre (IDF) and soluble dietary fibre (SDF) have depicted increasing trend

with maximum for T5 for all dietary fibre types. Significant results were obtained for in vitro antioxidant

studies including total phenolic content (TPC) and DPPH that showed increasing trend with T1 0.6 mg

GAE/g and maximum values for T5 with 2.0 mg GAE/g for TPC and for DPPH with T5 being maximum

value of 1.7% and minimum for T1 with 1.3%. T5 treatment with 20% sugar beet gave best physicochemical

results but disturbed sensory properties while T3 with 12% sugar beet powder showed good physicochemical

and sensory characteristics. Therefore, T3 with 12% level is considered as the best source of dietary fibre

in bakery products and can be considered as the prospective choice to address metabolic syndromes.

Keywords: sugar beet, dietary fibre, biochemical characterisation, cookies, sensory analysis

*Author for correspondence;

E-mail: m.farhan.chughtai@hotmail.com
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Introduction

Pawpaw (Carica papaya) is a small tropical tree native

to South America. It normally grows with a single and

branched trunk which may reach 10 m in height but is

more commonly 4-5 m tall. The pawpaw plant is widely

spread throughout tropical Africa. It belongs to the

group Caricaceae (Adetuyi et al., 2008). The skin colour

of pawpaw fruit is usually green when immature,

changing to fully reddish-orange or yellow-orange when

fully ripened. The changes in the outer colour of the

fruit skin is an indication of ripeness, and this change

is considered mainly due to an increase in the carotene

content and a decrease in chlorophyll (Maisarah et al.,

2014). In the early stages of fruit development, the main

sugar in pawpaw is glucose. There is an increase in

sucrose content of pawpaw fruit during ripening which

can be up to 80% of the total sugars. The crude protein

content has been reported to range from 3.74-8.26 g/

100 g dry matter while aspartic and glutamic acid are

the most abundant amino acids in ripe fruits (Saran and

Choudhary, 2013).

The central cavity of pawpaw fruit contains large

quantities of seeds that are small, black, round, covered

with gelatinous aril and make up about 15% of the wet

weight of the fruit (Malacrida et al., 2011; Afolabi and

Ofobrukweta, 2011). Several studies revealed that

pawpaw seeds are a rich source of proteins (27.3-28.3%),

lipids (28.2-30.7%), and crude fibres (19.1-22.6%).

Also it contains appreciable quantities of calcium and

phosphorus (Malacrida et al., 2011). In pawpaw seed

the enzyme carpesemine is a plant growth inhibitor and

oleanolic glycoside is an agent of sterility in male albino

rats. Alkaloids have been reported in the endosperm of

pawpaw seed. Fatty acids such as oleic, palmitic, stearic

and linoleic acid have been found in pawpaw seed (Bolu

et al., 2009). It has been discovered that glutamic acid,

arginine, proline, and aspartic acid are present in the

endosperm of pawpaw seed while proline, tyrosine,

lysine, aspartic acid and glutamic acid are found in the

sarcotesta (Saran and Choudhary, 2013).

Pawpaw latex, shoot, leaves, fruits and seeds contain

a broad spectrum of phytochemicals including enzymes,

carotenoids, alkaloids, phenolics, and glucosinolates.

People in Lao, Cambodia, and Vietnam use the latex to

treat eczema and psoriasis. The seeds have been used

as vermifuge, thirst quencher, or pain alleviator (Krishna

et al., 2008; Amenta et al., 2000). Phenolic compounds

The Influence of Storage of Pawpaw Carica papaya Fruit

on the Bioactive Components, Antioxidative Properties and

Inhibition of Fe2+-Induced Lipid Peroxidation

of Water-Extracts of Pawpaw Seed

Foluso Olutope Adetuyi*, Abimbola Olawumi Iroaye, Olamide Muyiwa Babatunde
and Gloria Jacinta Effiong

Biochemistry Unit, Chemical Sciences Department, Ondo State University of Science and Technology,

PMB 353, Okitipupa, Ondo State, Nigeria

(received August 25, 2015; revised February 16, 2016; accepted March 17, 2016)

Pak. j. sci. ind. res. Ser. B: biol. sci. 2016 59(3) 146-154

Abstract. Freshly harvested, matured, newly ripe pawpaw (Carica papaya) fruit (Maradol variety) was

stored at room temperature (27±1 °C) for 7days. The seeds of the freshly harvested and stored pawpaw

fruit were taken and divided into two groups each; one was dried as dry sample, dry freshly harvested

sample (DFHS) and dry stored sample (DSS) while the other was left as wet sample, wet freshly harvested

sample (WFHS) and wet stored sample (WSS). The bioactive components, antioxidative properties and

inhibition of Fe2+ induced lipid peroxidation activity of the water extract of the seed were investigated.

Storage of pawpaw fruit caused a significant increase in ascorbic acid and flavonoid content of the pawpaw

seed in both dry and wet samples but only in dry stored sample significant increase in the phenol content

of the seed was observed. The dried pawpaw seed DFHS and DSS showed stronger inhibition of Fe2+

induced lipid peroxidation activities.

Keywords: pawpaw seed, storage influence, phenol, ascorbic acid, flavonoid, DPPH scavenging ability,

lipid peroxidation

*Author for correspondence; E-mail: foluadetuyi@yahoo.co.uk
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Stabilisation of Some Vegetable Oils by Sugarcane Leaf Extract

at Ambient Temperature

Muhammad Nadeema* and Muhammad Waqar Azeemb
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Abstract. The present study was aimed to assess the antioxidant activity of ethanolic sugarcane leaf extract

for the stabilisation of sunflower, (SFO), soybean and (SBO) canola oils (CO) at ambient temperature.

SFO, SBO and CO were added with 600 ppm sugarcane leaf extract, filled in transparent PET bottles,

stored at ambient temperature for 180 days, sampled at 0, 60, 120 and 180 days for the assessment of

oxidative stability. Total phenolic content in sugarcane leaf extract (SLE) was 724.3 (mg GAE/100g).

2,2,diphenyl- 2 picrylhydrazyl free radical scavenging activity of SLE was 76% as compared to 88% in

butylated hydroxyl toluene. C18:1 and C18:2 in fresh, 6 months stored controls and SLE supplemented

SFO were 46.12%, 42.59%, 44.91% and 47.15%, 40.29, 43.13%, respectively. C18:2 and C18:3 in fresh

and 180 days stored control and SLE supplemented SBO were 51.19%, 45.61%, 48.97% and 6.19%, 3.37%

and 5.67%, respectively. Similar trend was also recorded in canola oil. Induction period of supplemented

vegetable oil was higher than the un-supplemented samples (P<0.05). Viscosity and specific gravity of

supplemented vegetable oils were not different from non-supplemented samples. Sensory characteristics

of SLE supplemented vegetable oils were not different from the control. Sugarcane leaf extract can be

used for the long term preservation of SFO, SBO and CO at ambient temperature.

Keywords: sunflower oil, soybean oil, canola oil, oxidative stability, sugarcane leaf

Introduction

The auto-oxidation and photo-oxidation susceptibility

of vegetable oils is one of the biggest problems of

vegetable oil processing industry (Choe and Min, 2006).

Health apprehensions of rancid vegetable oils are even

worse than bad fats because of the absorption of several

oxidation products in the body (Quiles et al., 2002).

Auto-oxidation of fats and oils leads to the generation

of potentially toxic oxidation products which have been

connected in a large number of health related disparities

such as atherosclerosis, carcinogenesis etc. (Turner

et al., 2006). The conversion of primary oxidation products

into highly reactive and toxigenic secondary oxidation

products such as 4-hydroxy-2-alkenals has led to the

great deal of concerns regarding the consumption of

oxidized fats, the toxicity of oxidation products for L6

muscles has also been scientifically proven ( Pillon

et al., 2010; Zarate et al., 2009). Further, the nutritional

and sensory characteristics of oxidized fats and oils are

on the lower side due to the generation of a wide range

of disagreeable flavouring compounds, loss of fats

soluble vitamins and essential fatty acids (Kanner,

2007). Degree of unsaturation, processing conditions,

metal ions, antioxidants, light and heat greatly influence

the oxidation of vegetable oils. The undesirable activities

of reactive oxygen species (such as superoxide, hydrogen

peroxide and hydroxyl radicals) can cause oxidative

damage to the cells, the unrestrained free radicals in

body can lead to the damage of DNA, lipids, proteins,

lipoproteins, carcinogenesis, cardiovas-cular diseases,

diabetes, stroke and accelerated ageing (Adedapo et al.,

2008;Yazdanparast and Ardestano, 2007). The role of

phytochemicals as biologically active compounds in

the neutralisation of free radicals, protective against

oxidative damage and inhibition of lipid peroxidation

has been well established (Valantina et al., 2009).

Sugarcane (Sacchrum officinarum L.) is one of the most

widely cultivated cash crops in the world and recent

studies have reported the presence of phenolic acids,

flavonoids with diuretic, anti-anaemic, anti-ulcer and

live protective properties. Although some work has

been previously conducted to assess the antioxidant

characteristics of sugarcane leaves, the detailed work

is the need of hour to explore its antioxidant potential

for the stabilisation of some commercially important

vegetable oils. The oxidative stabilisation of vegetable

oils through natural antioxidants has been extensively

studied (Nadeem et al., 2014) but the antioxidant activity
*Author for correspondence;

E-mail: muhammad.nadeem@uvas.edu.pk
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Introduction

Marine pollution is a major threat to the health of millions

of people, marine animals and plants. The pollution,

especially of the metals (either heavy or trace) poses a

direct threat to marine life and ultimately the human

health (Qari and Siddiqui, 2004). The main sources of

pollution in Karachi coastal water includes domestic

and industrial waste, tanneries effluents, rainfall and

associated pollutant from runoff, shipping and agri-

cultural sources (Qari and Siddiqui, 2008). The rapid

industrialisation and urbanisation of the city has altered

the quality of the environment and created ecological

disturbances and associated problems for the local

community (Siddiqui et al., 2009).

Pollution in the Karachi coastal region is mainly

attributed to the Lyari and Malir rivers, which are served

by various channels of untreated domestic and industrial

waste, carrying more than 300 million gallons per day

(MGD) (1,125,000 m3/day) of the untreated effluent of

more than 6,000 industries. These rivers ultimately

drain into the beaches of the Arabian sea (Hasnie and

Qureshi, 2002; Rizvi et al., 1988). It is estimated that

about 300 MGD of wastewater is generated in Karachi

out of which only 40 MGD is treated, rest of the water

waste and the treated effluents are discharged into the

sea and creating harm to marine environment (Khattak

et al., 2012). Thus, it has become important to estimate

the heavy metal concentration in organisms which act

as bio-accumulators in sediments, in overlying water,

in fresh water, estuarine and marine environment because

many of these organisms are indicator of metal contami-

nation. Bio-monitoring by employing living organisms

such as mussels, which is an economically important

bivalve with outstanding potential as sentinel organism

(Qari et al., 2015) and as sensor plays a vital role in

governmental and industrial strategies to identify, assess,

control, and reduce pollution problems (Krishnakumar

et al. 1995; 1994). The intertidal portion of the exposed

rocky shore at Paradise Point, the present study site,

harbours a large population of P. viridis. The present

An Assessment of the Bivalve Perna viridis, as an Indicator

of Heavy Metal Contamination in Paradise Point

of Karachi, Pakistan
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(received September 3, 2015; revised May 6, 2016; accepted May 12, 2016)
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Abstract. The edible bivalves Perna viridis (green mussel), (n = 100) were analysed for their total Hg,

Pb, Cu, Ni, Zn, Co, Fe, Cr, Cd, and Mn concentrations to indicate heavy metal contamination in Paradise

Point of Karachi coast using atomic absorption spectrophotometer. There are large seasonal variations in

the metal concentrations of Mn (0.025-0.67 µg/g), Fe (0.055-7.740 µg/g), Ni (0.004-0.52 µg/g), Hg (0.0001-

0.004 µg/g), Zn (0.04-3.32 µg/g), Cu (0.008-1.66 µg/g), Pb (0.022-2.43 µg/g), Co (0.01-0.044 µg/g), Cd

(0.04-0.88 µg/g) and Cr (0.13-1.20 µg/g) recorded in bodies/soft tissues of P. viridis obtained in the samples

of the year 1993 and 2012 at the Paradise Point of Karachi coast. The results of heavy metals are in the

following descending order of concentration in the samples collected in the year 1993: Fe>Cr>Zn>Mn>

Pb>Cd>Cu>Ni>Co>Hg, while Fe>Zn>Pb>Cu>Cr>Cd>Mn>Ni>Co>Hg order was recorded in samples

collected in the year 2012. The high accumulation of metals was found mostly in the samples collected

in the year 2012 when compared with the samples of the year 1993. This is an indication that the area

under study showed signs of being exposed to significant levels of heavy metal pollution due to direct

discharge of industrial and domestic wastes along the coast. The concentrations of these heavy metals were

lower than the permissible limits for human consumption. However, if this pollution persists, it can prove

to be very detrimental in future.

Keywords: Paradise Point, heavy metals, pollutants, industrial wastes, domestic wastes
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Wheat (Triticum aestivum L.) is staple food source and

leading cereal crop of Pakistan (Anwar et al., 2011). It

adds 10.0% value in agriculture and 2.1% to the GDP

with the yield of 25.478 million tonnes (PESR, 2015).

Moisture stress is one of the environmental constraints

of wheat along with salinity and high temperature (Sial

et al., 2013; 2007; Blum et al., 1980), which reduces

plant growth, development and ultimately causes reduc-

tion in the productivity. Early seedling establishment

is a very critical growth stage to determine the tolerance

of genotypes to moisture stress (Baloch et al., 2012).

Water stress during early stages can adversely affect

plant growth and ultimately its final yield (Sial et al.,

2013). Tolerance to biotic and abiotic stresses and

ultimate high potential for grain yield determines the

productivity of the wheat genotypes (Seher et al., 2015).

Several drought-related morphological and physiological

characteristics under in vivo field conditions have been

proved to be useful in screening of drought studies in

wheat (Razzaq et al., 2013). The early seedling water

stress can be evaluated in vitro through different tech-

niques by artificially imposing drought stress through

high molecular weight chemicals such as polyethylene

glycol (PEG) (Khan et al., 2012). Earlier studies reported

that PEG can induce stress to the plant in a relatively

controlled manner through modifying the osmotic

potential of the nutrient solution culture (Meneses et al.,

2011; Zhu et al., 1997).

Present studies were designated to observe the effects

of artificial osmotic stress at early seedling stage of

wheat genotypes induced through two PEG-6000

concentrations. 21 newly evolved wheat genotypes

(advance/mutant lines) along with four check commercial

wheat varieties were screened at Nuclear Institute of

Agriculture (NIA), Tandojam Sindh, Pakistan. Moisture

stress was imposed through two levels of PEG-6000

(T1=0.5 MPa, T2=0.75 MPa) along with control (T3=0.0

MPa). The experiment was conducted in complete

randomized design (CRD) with 3 replications. Healthy

seeds of each wheat genotype were surface sterilized

with 5% sodium hypochlorite (NaOCl) solution for 10

min, followed by washing with distilled water for several

times on a blotting paper. Surface sterilized 10 seeds of

each genotype were sown separately for germination on

soaked filter paper using sterilized petri dishes. Filter

papers in the petri dishes of T1 and T2 were moisturized

by adding 10 mL PEG-6000 solution with 0.5 MPa and

Early Growth Behaviour of Wheat Genotypes as Affected

by Polyethylene Glycol (PEG-6000)
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Abstract. Polyethylene glycol (PEG-6000) is often used for the early establishment screening of the wheat

genotypes against drought stress conditions. A collection of  twenty-one newly developed bread wheat

genotypes (developed through conventional and mutational breeding techniques) and four commercial drought

tolerant check varieties were included in screening at seedling stage under three treatments of PEG-6000;

T1 (0.5 MPa) and T2 (0.75 MPa) along with control T3 (distill water only). Three important early growth

establishment traits like germination percentage, root length and shoot length of the wheat genotypes were

observed. Significant variation among genotypic means regarding the observed traits was recorded at both

the treatments. Wheat genotypes performance including check varieties for germination percentages was

recorded as T1 (86.1%), T2 (72.4%) with reduction percentage of 12.5% and 33.8%. Root length of genotypes

decreased by 37.0% in 0.5 MPa and 82.75% in 0.75 MPa, whereas, shoot length reduction was recorded as

38.9% (T1) and 84.6% (T2) as compared to control. This study provided essential information about the

performance of advanced wheat genotypes under water stress conditions at early seedling establishment.

Keywords: moisture stress, PEG-6000, germination percentage, root length, shoot length
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ENERGY: Sources, Utilization, Legislation, Sustainability,

Illinois as Model State
Authored by G.A. Mansoori, N. Enayati and B. Agyarko; World Scientific Publishing Co.,

Hackensack, NJ, 810 pages (January 2016). (Hardcover: $(US) 214.00,

ISBN 978-981-4704-00-7); (Ebook: $(US) 171.00. ISBN 978-981-4704-02-1)

This new book authored by Prof. GA

Mansoori and his co-authors aims to ease

understanding of the general public of energy storage

and conversion methods, environmental concerns

associated with energy conversion, economics and

future trends of energy conversion technologies.

The book is written in an excellent fashion, partly

in technical language (reporting mathematical

equations and chemical formulae, flow charts,

graphs and tables) of interest to scientific and

engineering community, and partly in non-technical

language to make it easy to understand by non-

technical communities. All the energy sources

including fossil fuels, nuclear, wind, solar,

geothermal and biomass along with energy storage

methods are discussed and all the real examples

of energy conversion and storage methods are

illustrated. Examples of central governments, state

and local governments and private businesses

involvement in promoting energy efficiency and

environmental protection are shown to illustrate

effectiveness of collective action. Of course,

considering that the State of Illinois, USA, has been a pioneer in all aspects of energy it is used as a

model state in this book. State of Illinois is where the peaceful use of nuclear energy was first utilized

to produce electricity, the state with biggest user of coal and pioneer in conversion of energy uses to

renewable sources.

It is interesting and quite significant to note that this book is quite timely published, immediately

after the UNFCCC COP 21, also known as the 2015 Paris Climate Conference, held last December in

Paris, France. Nearly 200 countries, including Pakistan and USA signed the COP21 Climate Agreement

on December 12, 2015. This historic agreement aimed to reduce, or even prevent, environmental effects

of global warming by reducing release of greenhouse gases into the atmosphere. This marvelous book

covers all the possible ways to achieve the aims of the COP21 Climate Agreement.

An introductory chapter which is open access by publisher for everyone to read and get familiar

with the excellent contents of the book is available at: (www.worldscientific.com/doi/suppl/10.1142/9699/

suppl_file/9699_chap01.pdf).
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