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Improving Salinity Tolerance in Brassica

(Brassica napus var. Bsa and Brassica campestris var. Toria) by

Exogenous Application of Proline and Glycine Betaine

Ameer Khana, Hira Fatimab, Abdul Ghania, Muhammad Nadeemc, Abida Azizb,
Mujahid Hussaina* and Muhammad Ikrama

aDepartment of Botany, University of Sargodha, Sargodha, Pakistan
bDepartment of Botany, The University of Lahore, Sargodha, Pakistan

cInstitute of Food Science and Nutrition, University of Sargodha, Sargodha, Pakistan
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Introduction

Soil salinity along with a variety of environmental

stresses is now a very serious problem all over the world

due to its adverse effects on plant growth and physiology

(Taie et al., 2013). Salt stress is a great challenge for

agriculture. Yield of the crop is reduced because crops

fail to cope with salinity stress (Aymen and Cherif,

2013). There is 22 million hectares arable land in

Pakistan. About 24% of crops of Pakistan are grown

on rainfed land, whose area is about 4.6 million hectares

(Muhammad and Muhammad, 2007). All over the world

35% agricultural production has been decreased due to

salinity. Salinity affects 7% of the world�s entire land

area (Chaum et al., 2012). Salinization of arable land

is increasing day by day and it is expected that after 25

years 30% of the total land area will face the problem

of salt stress (Latef and Chaoxing, 2014; Kapoor et al.,

2013). Crop growth and productivity are decreased by

soil salinity (Cominelli et al., 2013).

Plants protect themselves from injurious and destructive

effects of salt stress by producing different compatible

osmoprotectant metabolites such as proline and glycine

betaine (Chelli-Chaabouni et al., 2010). These osmolytes

gather in the plant and protect tissue and cellular

membranes of the plant (Anjum et al., 2012). It has

been reported that foliar spray of proline and glycine

betaine is valuable for plants in mitigating salt induced

injuries (Ahmad et al., 2012; Hoque et al., 2007).

Proline and glycine betaine are also source of carbon

and nitrogen. They stabilize the structures of membranes.

Proline metabolism has a main role in storage and

transfer of energy (Gilberti et al., 2014). The effects of

salinity stress can be decreased by foliar application of

the osmolytes i.e. proline and glycine betaine. In the

plants stress tolerance quality is enhanced by the

application of foliar spray and it is also a beneficial

plan (Ali and Ashraf, 2011).

Brassica species are present in family Cruciferae.

Members of the family Cruciferae are known as mustard

plants. The petals of the plants belonging to this family

are in a cross manner i.e. four petals are cross shaped.

Canola (Brassica napus and Brassica campestris L.)

is an important oil seed crop, its world average is 1,820

kg/ha (Chambo et al., 2014). 13% of the world�s demand

of oil is obtained from canola. Oil content of canola

seeds is 40% (Snowdon et al., 2007). The experiment

Pak. j. sci. ind. res. Ser. B: biol. sci. 2018 61B(1) 1-8

Abstract. The pot culture experiment was conducted to determine the influence of proline and glycine

betaine on Brassica under saline conditions. Different salinity levels (0, 65, 130 mM) were created according

to the saturation percentage of the soil. Proline (0, 4, 8 mM) and glycine betaine (0, 5, 10 mM) were

exogenously applied to find out their effects on growth and physiological changes produced in Brassica

under salinity stress. Salinity stress reduced the growth of the plants and induced the physiological and

biochemical changes. Different growth parameters of plants such as plant height, shoot, root fresh and dry

weight was decreased with the increase of salinity stress. Salinity has also reduced the chlorophyll content,

protein content and nitrate reductase activity of the Brassica. But the application of proline and glycine

betaine was more effective to reduce the effect of salinity. Collected data from the present experiment

indicated that adverse effects of salinity were counteracted by proline and glycine betaine. Overall, it was

observed that exogenous application of both proline and glycine betaine has reduced the effect of salinity.

Keywords: Brassica napus, Brassica compestris, proline, glycine betaine

*Author for correspondence;

E-mail: mujahid.hussain7877@gmail.com
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Introduction

Maize (Zea mays L.) being the highest yielding cereal

crop in the world after wheat and rice holds a prominent

position in major crops. In Pakistan it is cultivated in

all the provinces, with Punjab and Khyber Pakhtunkhwa

being the major producers. It fits well in our cropping

system due to higher yield potential, short duration,

high net economic return and ability to grow in varying

environments (Shahzad et al., 2012). Being a multi-

purpose crop for food, feed and fodder; currently, except

potato, maize is the most profitable and dependable

crop in our agriculture system. At present 1.13 million

hectares are utilized for maize cultivation in Pakistan

with total production of 4.69 million tonnes and an

average grain yield of 4.15 t/ha (GOP, 2014). Although

the soil and climatic conditions of Pakistan are favorable

for maize production, but per hectare yield is very low

as compared to other maize growing countries of the

world. Low yield of maize in Pakistan is due to many

constraints but among them, poor plant nutrition

(micronutrients), traditional sowing methods and lack

of optimal crop stand are the factors of prime impor-

tance (Ahmad et al., 2011; Alias et al., 2008).

Various micronutrients including boron and their

application methods have significant effect on growth

and yield of different crops (Nadim et al., 2013; Ahmad

et al., 2012). However, maize is the kind of crop

especially sensitive to micronutrients deficiency and

definite quantity of micronutrients is indispensable for

its proper growth and development (Ziaeyan and Rajaie,

2009). Boron is one of those micronutrients which are

rapidly being deficient in soils. It is needed in small

amount but proved essential micronutrient for plant

growth. Its deficiency symptoms and nutritional disorder

characteristics appear when plant faces reduced supplies

of boron (Leghari et al., 2016). Boron impacts transport

of carbohydrates, cell division, cell wall strength and

development, onset of fruits and seed development and

hormonal production (Gunes et al., 2003). Its severe

deficiency causes abnormal development of reproductive

organs and ultimately results in reduction of plant yield

(Rashid et al., 2004). Boron is able to mitigate the

drought effects as explained by Davis et al. (2003) and

its application improved the parameters of the main

Efficacy of Boron as Foliar Feeding on Yield and

Quality Attributes of Maize (Zea mays L.)

Muhammad Tahira, Waqas Shehzada, Muhammad Aqeel Sarwarab*,
Sajid Hussainac and Muhammad Imranb

aDepartment of Agronomy, University of Agriculture, Faisalabad, Pakistan
bCrop Sciences Institute, National Agricultural Research Centre, Islamabad, Pakistan

cCollege of Agriculture, Bahauddin Zakariya University, Bahadur Sub Campus, Layyah, Pakistan

(received December 19, 2016; revised March 10, 2017; accepted April 18, 2017)

Pak. j. sci. ind. res. Ser. B: biol. sci. 2018 61B(1) 9-14

Abstract. Boron being an essential micronutrient plays a vital role in improving crop productivity and

quality. Therefore a field study was conducted at agronomic research area, University of Agriculture,

Faisalabad, Pakistan, during spring season 2014, to evaluate the effect of boron as foliar application on

yield and quality of maize. The experiment was laid out in randomized complete block design with three

repeats. There were nine treatments in the experiment including a control treatment, four treatments of

foliar sprays of 0.5% borax and four treatments of water sprays (without borax) with different time intervals.

Statistical analysis revealed that use of boron significantly affected maize yield and quality and the

application of boron with three foliar sprays of 0.5% borax had significant positive effect on most of yield

contributing parameters, giving plant height (217.00 cm), cob length (15.81 cm), cob diameter (6.10 cm),

cob weight (147.00 g), number of grains per cob (481.00), 1000 grain weight (333 g), grain yield

(5.26 t/ha), biological yield (14.75 t/ha) and harvest index (35.66%). However in case of quality, four foliar

sprays of 0.5% borax displayed better results by producing higher seed protein (10.06%) and oil contents

(4.72%), respectively. From the results of experiment it can be concluded that three foliar sprays of 0.5%

boron triggers yield attributes while four foliar sprays of 0.5% boron encourages qualitatively to maize crop.

Keywords: maize, boron, foliar application, yield

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

Mungbean (Vigna radiata L. Wilczek), is an indigenous

legume and one of the most important pulse crops.

Mungbean is rich in digestible proteins (24%) and

utilized in the cereal-based diets (Khattak et al., 2006).

It contains vitamin A (94 mg), iron (7.3 mg), zinc (3 mg),

calcium (124 mg) and folate (549 mg) per 100 g dry

seed. Usually it is used in split form (Dhal) and in other

different food products (Rasul et al., 2012). Fallow

period window of 70-90 days during April to June in

rice wheat cropping system is very suitable to plant

mungbean. Mungbean is low input requiring, short

duration, high value and restorative crop (Achakzai

et al., 2012). Being leguminous crop it fixes nitrogen

thereby improving soil fertility (Khan et al., 2008).

Fitting mungbean in cereal cropping system can increase

farmers� income, improve soil productivity and saving

irrigational water (Hussain et al., 2012). Mungbean

cultivars so far release in Pakistan have comparatively

longer growth duration (90-110 days), indeterminate

growth habit (Jahan and Golam, 2012), low yielding

(400 kg/ha), small seed, susceptible to yellow mosaic

virus (YMV) and insects (Rehman et al., 2009).

Developing cultivars having short growth duration

(55 to 65 days), high yield potential (up to 2000 kg/ha),

synchronized maturity, resistance to MYMV, Cercospora

leaf spot and having bold seeds (Aslam et al., 2010).

Agricultural Research Institute, Dera Ismail Khan

released �Inqalab Mung� a variety developed from cross

between AVRDC line and NM-92, that gives better

yield (up to 2.5 t/ha) and is early maturing, bold seeded

and having resistant against Mungbean Yellow Mosac

Virus (MYMV) disease. The variety has been recom-

mended for general cultivation in both spring and

summer seasons in KPK province. It is the first ever

variety approved for general cultivation in both seasons.

Moreover, it has got full adaptability to recent climate

changes prevailing in the area.

The present study therefore, presents the detailed

developmental and evolution process of this new high

yielding bold seeded mungbean variety.

Materials and Methods

AVRDC genotype VC 1482C having high yield potential

but un-acclimatized to the agro-climatic conditions of

Pakistan (highly susceptible to MYMV) was crossed

with NM-92 (local mungbean cv.) having high resistant

to MYMV adopting breeding procedures of Khattak

et al. (2003b). F1 generation of the cross was planted

during summer (May-July) 1999 and the recombinants

were harvested individually. F2-F5 generations were

raised as plant to row progenies for selecting high

A Brief Description of �Inqalab Mung� Mungbean

(Vigna radiata L. Wilczek) Variety Released for the Agro-Climatic

Conditions of Khyber Pakhtunkhwa, Pakistan

Muhammad Mansoora*, Amanullaha, Noman Latif a, Nazir Hussaina and Abdul Majeedb

aArid Zone Research Center (PARC), Dera Ismail Khan, KPK, Pakistan
bAgricultural Research Institute, Dera Ismail Khan, KPK, Pakistan

(received April 13, 2016; revised January 18, 2017; accepted March 15, 2017)

Pak. j. sci. ind. res. Ser. B: biol. sci. 2018 61B(1) 15-20

Abstract. �Inqalab Mung� (DM-3) was developed through cross between VC1482 C and NM-92 at

Agricultural Research Institute, Dera Ismail Khan, Pakistan. Various experiments for production technology

and yield performance of Inqalab Mung were conducted from 2005 to 2008 in different seasons and

locations. Result showed that 40 kg/ha seed rate with 30 cm row spacing, fertilizer dose @ 20:50 kg/ha

N:P2O5 and inoculation with rhizobium strain Vm M1 were optimal for its maximum yield. Inqalab Mung

outclassed among all candidate lines included in NUYT-2007 and 2008 with average yields of 961.5 kg/ha

and the highest grain yield of 3620 kg/ha. Inqalab Mung has 28-36% high grain yield potential compared

to the standard variety NM 98 and parent NM 92 along with resistance to charcoal rot, cercospora leaf

spot and yellow mosaic virus (YMV). Provincial Seed Council (PSC), Khyber Pakhtunkhwa, approved

DM-3 as �Inqalab Mung� for general cultivation in KPK in 2014.

Keywords: mungbean (Vigna radiata L. Wilczek), Inqalab Mung, grain yield, bold seeded

*Author for correspondence; E-mail: joyadkpk@gmail.com
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Assessment of Vegetation-Edaphic Correlation of Wetland Complex

of Soon Valley, Pakistan using Multivariate Techniques

Arooba Zia, Sheikh Saeed Ahmad*  and Hafsa Bashir

Department of Environmental Sciences, Fatima Jinnah Women University, Mall Road, Rawalpindi, Pakistan

(received September 23, 2016; revised December 6, 2016; accepted December 20, 2016)

Pak. j. sci. ind. res. Ser. B: biol. sci. 2018 61B(1) 21-31

Abstract. Vegetation-edaphic correlation was studied to abserve ecological relationship of plants. Because

of the interrelationship of environmental variables various ordination techniques i.e., Two-way Indicator

Species Analysis (TWINSPAN), Detrended Correspondence Analysis (DCA) and Canonical Correspondence

Analysis (CCA)) were employed to reveal the inherent pattern on visual inspection. Total 36 herbaceous

species belonging to 16 families were identified in the area of Ucchali wetland complex, Soon Vally,

Khusab, Pakistan, with Cynodon dactylon as dominant species owing to its high tolerance to prevailing

environmental conditions. Results of CCA exposed elevation, organic matter and pH to be the most

influencing factors in growth and distribution of flora of the area. Different analyses such as biplots, data

attribute plots and pie symbols plots were accomplished for the species of the study area. Because of the

induced change, various non-native and invasive species were also recorded in the area which might

contribute to further altering the range ecology of the area. Apart from promoting sustainable use of natural

resources in Ucchali Wetlands Complex (UWC); ecological integrity of the Ramsar sites must be conserved

and improved through ecological interventions related to illicit cutting of forest, unsustainable utilization

of water resources, municipal pollution, agricultural intensification, etc.

Keywords: TWINSPAN, DCA, CCA, multivariate techniques, vegetation, wetland complex

Introduction

The association between vegetation and environment

is a very significant topic of plant ecology. A huge

number of environmental variables are correlated as a

result of an overriding influence; it is often complicated

to conclude which factors are in fact causing vegetation

patterns (Tavili et al., 2010). In the field of ecology,

study of vegetation in relation to different environmental

factors with the use of ordination technique and

classification method has become well acknowledged

and to study the complex nature of plant communities

various multivariate techniques are available (Ali and

Malik, 2010). A multivariate analysis integrating

ecological, physical and socio-economic characteristics

to investigate flora of the area has been well researched

and numerous approaches and techniques exist to study

their association. For the classification of flora according

to ecological liking a computer based software

application i.e. TWINSPAN exists (Ahmad et al., 2014a;

2014b; 2014c; Hill, 1979), while for the phytosociological

ordination an indirect analysis technique i.e. DCA is

widely used owing to its inclusive results (Urooj et al.,

2015; Kent and Coker, 1996). CCA is a more modern

day technique to study the correlation between flora

and environmental variables in addition to its

comprehensive results in the form of graphs and pie

charts (Ahmad, 2011; Ter Braak and Smilaur, 2002).

The study on multivariate and statistical analysis is not

the only method because various researches from

international and national level have already been

successfully conducted for classification of flora ( Urooj

et al., 2015; Ahmad and Quratulain, 2011; Ahmad,

2010; Xiaoni et al., 2007). Studies related to ethno

medical survey (Ghani et al., 2014), estimation of

nutrients in medicinal plants (Ghani et al., 2012) and

evaluation of biomass and carrying capacity (Saleem

and Mirza, 2012) has already been conducted in Soon

Valley of Pakistan. However the vegetation associated

with environmental variables has not been quantitatively

correlated in the region. Hence, this study aims to

examine the relationship between species distribution

with the changing environmental factors and gradients

by using ordination technique.

Ucchali wetlands complex located in a cup shaped

valley called Soon Valley in district Khushab of Pakistan.

The complex has three Ramsar sites surrounded by

mountains which are Ucchali, Khabeki and Jahlar. It

extends from Khabeki in the east to Sakesar in the west

and covers approximately an area of 745 km2 (Fig.1).

The area is sub-humid, sub-tropical and has suffered*Author for correspondence; E-mail: drsaeed@fjwu.edu.pk
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Introduction

Antioxidants play an important role in maintaining

human health due to their ability to scavenge free

radicals in the bodies. Reactive free radicals either from

endogenous sources, through normal physiological and

metabolic processes or exogenous sources by exposure

to pollutants are harmful and capable of oxidizing

biomolecules, resulting in cell death and tissue damage

(Barros et al., 2008; Ames et al., 1993). Flavonoids and

other phenolic compounds of plant origin are non-

enzymatic antioxidants that have been reported as

scavengers of free radicals (Rice-Evans et al., 1997).

Coumarin is useful in pharmaceutical for its physio-

logical, bacteriostatic and anti-tumor activity, though

its hepatotoxicity in animal models has been reported

(Jain and Himanshu, 2012). Flavonoids and coumarin

exhibit a common benzopyrone structure and have been

reported to possess various beneficial properties (Cook

and Samman, 1996). The place of natural antioxidants

in form of food nutrients or phytochemicals from plant

origin cannot be underestimated in maintaining human

health due to their ability to scavenge free radicals in

the body; thereby supplementing the defense mechanisms

of antioxidant enzymes such as superoxide dismutase,

glutathione and catalase to fight harmful substances

and prevent cell damages (Halliwell, 1996). Phytochemicals

have been evinced as effective antioxidants that can

help in the fight against the prevailing degenerative and

chronic diseases.

Many researchers reported that mushrooms are rich

sources of natural phytochemicals that can make them

find different applications as functional foods and

excellent sources of nutraceuticals (Abdullah et al.,

2015; Obodai et al., 2014). Some have been reported

to function as antioxidants and potential  fermentation

agents to enhance feed nutrition (Abdullah et al., 2015)

and primordial and anthropogenic radio-nuclides

composition study in some edible mushrooms samples

in Nigeria revealed that the effective doses from selected

primordial radionuclides were within acceptable limit

(Faweya et al., 2015; IAEA, 1994) making them safe

for consumption. Nevertheless, mushrooms are yet to

take the proper place in human diet and nutrition as

many varieties are yet to be exploited and are still in

the wild despite having been used as food and medicine

since ancient times. Phenolic compounds, protein

hydrolyzates and some amino acids, present in different

foods, were evinced to possess antioxidant properties

(Yun-Zhong et al., 2002). Phenols are important plant

constituents because of their scavenging ability due to

their hydroxyl groups (Arbaayah and Umi, 2013).

Studies have established that macro fungi like mush-

rooms as well as fruits and vegetables are very important

Bioactivity Studies on Two Wild Edible Mushrooms Extracts

Funmilayo Bosede Borokini*a, Mary Tolulope Olaleyeb and Labunmi Lajidec

aDepartment of Chemistry, University of Medical Science, Laje, Ondo City - 0340001, Ondo State, Nigeria
bDepartment of Biochemistry, Federal University of Technology, Akure, PMB 704, Akure, Ondo State, Nigeria

cDepartment of Chemistry, Federal University of Technology, Akure, PMB 704, Akure, Ondo State, Nigeria

(received August 20, 2015; revised January 5, 2017; accepted January 11, 2017)

Pak. j. sci. ind. res. Ser. B: biol. sci. 2018 61B(1) 32-46

Abstract. The aqueous and alcoholic extracts of Lentinus squarrosulus and Termitomyces robustus were

analysed for phytochemicals, antioxidant and antimicrobial activities. Polyphenolic profile of the ethanol

extracts revealed the presence of phenolic acids and flavonoids at different concentrations. Total phenol

and total flavonoid contents demonstrated concentration dependent increase and positive correlation with

the antioxidant activities in the corresponding extracts in the range of TFC (r = 0.794-0.993; 0.904-1.000)

and TPC (r = 0.317-0.999; 0.621-0.995) for L. squarrosulus and T. robustus extracts, respectively. Inhibition

concentrations at 50% (IC50) for each extract in terms of its reducing and scavenging ability ranged from

0.54 to 15.04 mg/mL for total antioxidant property (TAP), ferric reducing antioxidant property (FRAP),

DPPH, OH and NO radicals. Mushrooms extracts exhibited significant antifungal activities against

Aspergillus fumigatus and Candida albican compared to bonlate but weak antibacterial activities against

Bacillus substilis, Escherichia coli and Salmonella typhi compared to streptomycin sulphate. The mushrooms

possessed appreciable antioxidant and antifungal properties for promoting good health.

Keywords: phytochemicals, antioxidant, antimicrobial activity, mushrooms

*Author for correspondence; E-mail: borokinif59@yahoo.com
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 Comparative Study of Tribolium castaneum H. (Coleoptera:

Tenebrionidae) Occurred on Different Wheat Varieties in Pakistan

Muhammad Waqar Hassan*, Javaid Iqbal and Moazzam Jamil
University College of Agriculture and Environmental Sciences,

The Islamia University of Bahawalpur, Pakistan

(received October 18, 2014; revised June 12, 2017; accepted July 11, 2017)
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Abstract: Five wheat varieties i.e., AASS, CHAKWAL, FARID, MIRAJ and GALAXY in Pakistan were

campared to survey the red flour beetle population occurrence during one month period. Only sound grains

were taken as medium of population growth for the red flour beetles. Study parameters included number

of grains per unit weight, beetles population growth/survival percentage in relation to different wheat

varieties and percent weight loss, if any in grains of these wheat varieties due to beetles feeding. Wheat

varieties had significantly different number of grains per unit weight. Red flour beetles� population growth

was checked in a 30 day time period. Beetles could not grow within the food medium of sound wheat

grains of these varieties in this time span and most of these died. Survival percentage of beetles was

measured in relation to different wheat varieties which did not vary significantly for these varieties. Within

a given span of time percent weight loss due to beetle feeding in grains was nominal in all varieties and

it also did not vary significantly between varieties. From these results it is concluded that red flour beetles

being secondary stored grain insect pests were unable to multiply on sound grain wheat varieties and caused

minimal weight loss in these varieties.

Keywords: wheat varieties, number of grains, weight loss, storage insects, red flour beetle, population growth

Introduction

Annual post-harvest losses of stored cereals range from

10-20% of the overall production, in which insect

damage, microbial deterioration and other factors play

the major role (Phillips and Throne, 2010). A primary

factor in these losses is due to ravages of stored product

insect pests that can reduce the quality and quantity of

grains (Weaver and Subramanyam, 2000). Stored product

insects have been associated with human activities since

the earliest civilizations, and methods for their diagnosis

and control have been reported for over a century

(Levinson and Levinson, 1985). There are many safe,

effective, and relatively simple prevention and control

methods available to manage populations of stored-

product insect pests without the use of chemical

insecticides (Phillips and Throne, 2010). In integrated

pest management system, alongside other management

practices, host plant resistance against different insect

pests is very important part to effectively reduce pest

populations without the indiscriminate use of toxic

insecticides. It has been reported that varietal resistance

is one of the basic components that should be seriously

taken into account when a stored-product integrated

pest management-based strategy is planned (Throne

et al., 2000). It has been stated that substrate type,

germplasm and cracked kernels in the stored materials

should be give due care for the management of serious

stored grain insect pests (Athanassiou et al., 2010).

Wheat is staple food for the people in many countries

across the globe. In Pakistan wheat is harvested in May

and is stored for the entire season during which it is

likely to be infested by different stored grain insect

pests. Presence of broken grains in stored wheat is either

an indication of an earlier infestation by primary pests

(Arbogast et al., 2000) or otherwise it may be due to

physical or mechanical injuries met with during

harvesting, transport or storage process. As soon as a

cereal contains cracked grains it may become vulnerable

to attack by secondary stored product pest insects which

primarily feed on broken grains.

Red flour beetle Tribolium castaneum Herbst

(Coleoptera: Tenebrionidae) is a cosmopolitan pest of

wheat especially wheat by-products. Its presence in

wheat flour makes it responsible for change in colour

and odour and is also pollute the host with its excreta

and cast skins (Bosly and Kawanna, 2014). Consumption

of the contaminated edibles can cause serious health

issues (Gorham, 1979; 1975). Red flour beetles are

primarily secondary stored product pests which can

rarely feed or damage sound grains of cereals (Walter,

1990). However other authors indicated that red flour*Author for correspondence; E-mail: waqar_722@hotmail.com
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Abstract. This study was taken to evaluate pesticide quality and their impact on crop. Total 14336 number

of pesticide samples were received for quality evaluation from 2006 to 2012. The data was analysed

statistically at 5% level of significance and treatment means were worked out. The results revealed that

out of 14336 analysed samples, 13541 (94.5%) were declared fit for crop use whereas the remaining 795

(5.5%) were found to be unfit. The trend in generic and branded unfit samples between the years 2006 to

2012 revealed that the agencies marketing branded pesticides had better quality than generic ones.

Keywords: Pakistan, pesticides, quality control

Introduction

There are serious ecological and environmental problems

with over reliance on pesticides. Persistence of pesticides

in the food chain (Carson et al., 1962) and the develop-

ment of resistance in pests towards pesticides (Brown

1971) are the two serious problems encountered. Pesticide

usage has become obligatory for crop protection. However,

pest suppression with synthetic chemicals is the quickest

and most effective method of pest management. Control

through pesticides takes least time in situations of

massive pest outbreak when compared with biological

and cultural control practices.

The pesticide usage differs with crops in Pakistan, with

reduced use of fungicides and herbicides. Pesticide is

mainly used in Pakistan for cotton crops (60%) and

40% for all other crops. This has increased steadily and

substantially over the years in Pakistan (Table 1 and

Fig. 1).

Plant Protection Directorate and Pesticide Division was

set up for sample testing and understanding research

on quality control of pesticides during 1970 at Faisalabad,

Pakistan and quality control programme of pesticides

was initiated in Punjab, Pakistan. The private sector

started this industry by promoting the sale of pesticide

*Author for correspondence;

E-mail: khurram.mubeen@mnsuam.edu.pk
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during 1980�s. Hence, to strengthen the quality control

of pesticides two more Pesticide Laboratories were

established at Kala Shah Kaku and Multan during

1984-85.

World Health Organization (WHO) and the Food and

Agriculture Organization of the United Nations (FAO,

2005) reported that in developing countries about 30%

marketing of pesticides amounting to worth US $ 900

million per year do not meet international quality

standards. Pesticides with low quality have also been

reported to WHO and FAO by national quality control

laboratories of pesticides. Developed countries have

also shown to have low quality pesticides magnifying

the seriousness of the issue. Pesticides with low quality

could be owing to many reasons like low standard

production technology and poor production admixing

of products and poor pre marketing store conditions.

Inadequate implementation of rules by law enforcing

authorities may also open windows for such mal-

practices.

In developing countries like Pakistan, the authorized

inspectors from Directorate of Pest Warning and Quality

Control and Agriculture (extension and adaptive

research) Department collect pesticides samples from

market. Inspectors have the authority from the

Government under APO Law, 1971 to collect the sample

on intelligence basis or complaint basis by the farmer
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Abstract. Hydroponic experiment was carried out to assess the effect of K in reducing the oxidative damage

in maize (Pioneer-3335) under salt stress. Seedlings were transplanted to three levels of K (3, 6 and 9 mM)

with 100 mM NaCl stress. Plant growth parameters, membrane stability index, K+ / Na+ ratio and antioxidant

enzymes activity were reduced due to salt stress. Addition of K significantly improved the morphological

and physiological attributes along with the antioxidant enzymes (SOD, CAT and POD) activity. With

increasing K levels an improvement in crop growth was observed but the treatment with 9 mM K was

found to give the best results. Maximum shoot and root lengths (61.2 and 30.6 cm) were observed at

9 mM applied K level. The similar trend regarding shoot and root fresh weight was observed for maize

genotype. Improved membrane stability was observed at 9 mM K level in (Pioneer-3335) (75.6%) under

salt stress. Similarly, improved antioxidant enzymes (SOD, CAT and POD) activity was found in maize

plants (35.5, 65.6 and 49.6 unit/g fresh weight) as compared to salt stress at 9 mM K level. The antioxidant

enzymes activity was improved with the application of potassium under salt stress which ultimately induced

oxidative stress tolerance in maize (Pioneer-3335).

Keywords: maize, salt stress, potassium, oxidative damage, antioxidant enzymes

Saline soil and water are the major constraints in reduced

agricultural yield of many crops (Chaum et al., 2011;

Ashraf, 2009; AzevedoNeto et al., 2006; Alam et al.,

2000). The metabolic activities in most crops ceased

due to higher salt concentration in soils that ultimately

results in low agricultural productivity (Karsensky and

Jonak, 2012; Munns and Tester, 2008; Cramer et al., 1996).

Along with osmotic stress, ionic imbalance and specific

ion toxicity, the reactive oxygen species (ROS) genera-

tion is also coupled with salinity (Ali et al., 2011; Nabati

et al., 2011; Gapinska et al., 2008; Mittler, 2002).

Among all other macro nutrients potassium has the signi-

ficant role in plant survival under salt stress (Mahmood,

2011; Cherel, 2004; Mengel and Kirkby, 2001).

Keeping in mind these factors this study was planned

to assess the ameliorative efficiency of potassium under

salt mediated oxidative stress.

This study was conducted in the Institute of Soil and

Environmental Sciences, University of Agriculture,

Faisalabad, Pakistan. Three potassium levels (3, 6 and

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

9 mM) were applied with 100 mM NaCl stress. Maize

genotype (Pioneer-3335) was used for this study. Maize

seeds were germinated in sand containing trays and

were transplanted in thermo pore sheets floating over

Hoagland solution containing tubs at two leaf stage

(Hoagland and Arnon, 1950). In respective saline treat-

ments salinity was developed after two days of transplan-

tation in 3 increments. 8 h daily aeration was provided

through aeration pump and pH was maintained daily

from 6-6.5.

After four weeks plants were harvested, recorded the

growth attributes and stored in refrigerator for further

analysis. The samples were analysed for membrane

stability index according to method of Sairam et al.

(2002). Sodium and potassium ion concentration was

analysed using flame photometer.

Antioxidant enzymes activity (SOD, CAT, POD) was

recorded using spectrophotometer from enzyme extract

(For extracting antioxidant enzymes, 0.5 g fresh leaf

samples were ground using a tissue grinder in 5 mL of

50 mM cooled phosphate buffer (pH 7.8) placed in an

ice bath. The homogenate is centrifuged at 15000 × g
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