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Abstract
Due to the major impact of pollen on plants’ lives the pollen germination tests are of significant
importance for ecotoxicological characterization and determination of eventual deleterious effects of
biocides on plants. Possible deleterious effects of two synthetic organic compounds –
cyclopentanespiro-5-hydantoin and cyclopentanespiro-5-(2,4-dithiohydantoin) to apple tree pollen
have been examined in the present study. It has been found out that the titled compounds have an
inhibitory effect on apple tree pollen. Dose-response modeling was carried out by R language for
Statistical Computing, drc package.
Key words: cyclopentanespiro-5-hydantoin, cyclopentanespiro-5-(2,4-dithihydantoin), apple tree
pollen, drc, R language
1. INTRODUCTION
The study interest in cyclopentanespiro-5-hydantoin and its dithioanalogue – cyclopentanespiro-5(2,4-dithiohydantoin) is mainly due to the biological activity reported for these compounds. Oldfield
and Cashin synthesized and tested a number of different cycloalkanespiro-5-hydantoins for toxicity,
anticonvulsant and analgesic activity on mice. A low toxicity and low sedative activity were
confirmed for cyclopentanespiro-5-hydantoins (Oldfield and Cashin 1965).
Cyclopentanespiro-5-(2,4-dithiohydantoin) is a compound with a strong insecticidal activity against
Cladius pectinicornis (Marinov et al. 2012a).
Various ecotoxicological tests with the title compounds were performed in our previous studies. Their
acute toxicity towards Planorbis planorbis (Ram's Horn Snail) was researched. It was found out that
cyclopentanespiro-5-hydantoin and cyclopentanespiro-5-(2,4-dithiohydantoin) manifest a toxic effect
on snails (Marinov et al. 2012b).
We also performed an ecotoxicological study of the above mentioned compounds on Black Sea
Mussel (Mytilus galloprowincialis). Toxicity manifestation on mussels was observed only at
cyclopentanespiro-5-(2,4-dithiohydantoin) (Ganchev et al. 2012a).
Acute toxicity deleterious effect of cyclopentanespiro-5-hydantoin and cyclopentanespiro-5-(2,4dithiohydantoin) towards Sea lettuce (Ulva lactuca) conducted in accordance with international
standards adopted by the Organisation for Economic Co-operation and Development (OECD) was
evaluated. It was found out that relatively high levels of cyclopentanespiro-5-hydantoin concentration
4
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will be able to produce acute deleterious effect on populations of Sea lettuce (LD 50 = 0.750 %)
(Marinov et al. 2012c).
In vivo phytotoxicological study of cyclopentanespiro-5-hydantoin and cylopentanespiro-5-(2,4dithiohydantoin) towards some cultural and non-cultural plants was performed. The tests were
conducted with cultural plants as Oil yielding rose (Rosa damascena), Plum tree (Prunus cerasifera)
and Grape (Vitis vinifera) variety Muller-Thurgau, as well as with non-cultural plants as Oval-leaved
privet (Ligustrum ovalifolium), Lime-tree (Tilia platyphyllos) and Chestnut (Aesculus hippocastanum).
The cyclopentanespiro-5-hydantoin had a deleterious effect on Chestnut (Aesculus hippocastanum)
and Lime-tree (Tilia platyphyllos) (Ganchev et al. 2012b).
On the other hand, cyclopentanespiro-5-hydantoin and cyclopentanespiro-5-(2,4-dithiohydantoin) are
compounds with good coordination properties. These substances have been used as ligands for
synthesis of complexes with ions of transitional metals (Enchev et al. 1999, Ahmedova et al. 2008,
Marinova et al. 2012).
Due to the major impact of pollen on plants’ lives pollen germination tests are of significant
importance for ecotoxicological characterization and determination of eventual deleterious effects of
biocides on plants. Such tests are principal for evaluation of pesticide compounds which have
inevitable effect on plant pollen of cultural crops and non-cultural adjacent plants.
Quantification of pollen tube growth will allow this inhibitory effect to be expressed in a numerical
value:
•

ED50;

•
ED25 (LOAEL – Lowest Observed Adverse Effect Level) – the lowest dose / concentration at
which observable toxic effect onto test object can be detected;
•
ED05 (NOAEL – No Observed Adverse Effect Level) – the highest dose / concentration at
which no observable toxic effect onto test object can be detected.
In the past two decades, pollen grains and pollen tubes of various plant species have been used to
determine the cytotoxic effects of environmental pollutants (Kristen and Kappler 1995).
Apple tree (Malus domestica) is the most important orchard culture for Bulgaria in present days,
cultivated in all parts of the country especially near the towns of Plovdiv, Sofia and Kyustendil (Mitov
et al. 1996).
The aim of the current study is an examination of the possible deleterious effects of
cyclopentanespiro-5-hydantoin and cyclopentanespiro-5-(2,4-dithiohydantoin) to apple tree pollen.
2. MATERIALS AND METHODS
2.1. Synthetic compounds
All chemicals used were purchased from Merck and Sigma-Aldrich.
The cyclopentanespiro-5-hydantoin (Fig. 1) was synthesized via the Bucherer-Lieb method (Bucherer
and Lieb 1934). The cyclopentanespiro-5-(2,4-dithiohydantoin) (Fig. 2) was obtained in accordance
with Marinov et. al (Marinov et al. 2012a).
Melting points were determined with a digital melting point apparatus SMP 10.
Elemental analysis data were obtained with an automatic analyzer Carlo Erba 1106.
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IR spectra were taken on spectrometers Bruker-113 and Perkin-Elmer FTIR-1600 in KBr discs.
NMR spectra were taken on a Bruker DRX-250 spectrometer, operating at 250.13 and 62.90 MHz for
1
H and 13C, respectively, and on a Bruker Avance II + 600 MHz spectrometer, operating at 600.130
and 150.903 MHz for 1H and 13C, respectively, using the standard Bruker software. Chemical shifts
were referenced to tetramethylsilane (TMS). Measurements were carried out at an ambient
temperature.

Fig. 1. Structural formula of cyclopentanespiro-5-hydantoin
(Systematic name: 1,3-diazaspiro[4.4]nonane-2,4-dione)

Fig. 2. Structural formula of cyclopentanespiro-5-(2,4-dithiohydantoin)
(Systematic name: 1,3-diazaspiro[4.5]decane-2,4-dione)
The products obtained were characterized by physicochemical parameters, IR and NMR spectral data.
The results obtained from these analyses are identical with the previously published in the literature
(Enchev et al. 1999; Marinov et al. 2005).
2.2. Ecotoxicological tests
Freshly collected pollen from a 5 year old apple tree of the Golden Delicious variety (which is the
most popular apple variety in Bulgaria) was used. In order to stimulate pollen germination, a solution
of 20 % (m/v) sugar in distilled water was used for dilution and preparation of the solution of tested
compounds.
Saturated concentrations of the compounds in water were as follows:
•

cyclopentanespiro-5-hydantoin – 1 %;

•

cyclopentanespiro-5-(2,4-dithiohydantoin) – 0.025 %.
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Pollen suspensions with tested compounds in various concentrations were prepared with pollen grains
density 2*10e-04 grains per ml determined with haemocydometer. After a 24 h stay in a thermostat
(22 °C), the germination of grains and length of elongation tube were measured with a light inverter
microscope (20x magnification).
Based on the germ tube germination, percentage was calculated via Abbott’s formula (Abbott 1925)
with regard to the control variant.
The dose-response modeling was conducted for each test variant for determination of LD 50, LD25
(LOAEL) and LD05 (NOAEL) using a drc package (R Foundation for Statistical Computing,
http://www.R-project.org/, Ritz and Streibig 2005).
3. RESULTS AND DISCUSSION
The initial cyclopentanespiro-5-hydantoin was obtained with an application of the Bucherer-Lieb
method (Bucherer and Lieb 1934). This technique is the main method for hydantoin and
spirohydantoin synthesis. It is based on the interaction between the cyclopentanone, sodium cyanide,
ammonium carbonate and ethanol.
The cyclopentanespiro-5-hydantoin obtained was subjected to a thionation with the reagent
combination of P4S10 and hexamethyldisiloxane, following a procedure of Curphey (Curphey 2002),
modified by Marinov et. al (Marinov et al. 2012a). The advantage of this technique is in obtaining of
product of higher yield and shorter reaction time as compared to previously used thionation

methods (Marinov et al. 2005).
Conducted trials reveal that cyclopentanespiro-5-hydantoin and cyclopentanespiro-5-(2,4dithiohydantoin) have a significant deleterious effect on the apple tree pollen (especially the
spirodithiohydantoin).
Fig. 3 and Fig. 4 represent the dose-response curves (models) of the cyclopentanespiro-5-hydantoin
and cyclopentanespiro-5-(2,4-dithiohydantoin).
The abbreviations used on the graphics depicted below are as follows:
•

CPSH for cyclopentanespiro-5-hydantoin;

•

CPSDTH for cyclopentanespiro-5-(2,4-dithiohydantoin).
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Fig. 3. Dose-response curve of cyclopentanespiro-5-hydantoin
The calculated values of the NOAEL (LD05), LOAEL (LD25) and LD50 for the products obtained are as
follows:
For cyclopentanespiro-5-hydantoin:
LD05 = 0.0072 %;
LD25 = 0.051 %;
LD50 = 0.16 %.
For cyclopentanespiro-5-(2,4-dithiohydantoin):
LD05 = 0.003 %;
LD25 = 0.0054 %;
LD50 = 0.0077 %.
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Fig. 4. Dose-response curve of cyclopentanespiro-5-(2,4-dithiohydantoin)

4. CONCLUSIONS
The tests and conducted dose-response analysis prove the extreme toxic effect of tested compounds
onto plant apple pollen – LD50 = 0.16 % for cyclopentanespiro-5-hydantoin and LD50 = 0.0077 % for
cyclopentanespiro-5-(2,4-dithiohydantoin). This should indicate a careful future use of the above
mentioned compounds in case they show potential pesticidal properties.
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Abstract
It is abundantly clear that entrepreneurship is important for economic growth, productivity,
innovation and employment, and many EU countries have made entrepreneurship an explicit policy
priority. As globalization reshapes the international economic landscape and technological change
creates greater uncertainty in the world economy, entrepreneurship is believed to offer ways to help to
meet new economic, social and environmental challenges. This paper presents the research conducted
in Croatia during 2012. We analyzed the state aid and available EU funds to identify the financing
capacities of target groups in the field of entrepreneurship and agriculture. We also conducted a
survey among 253 entrepreneurs and agriculture producers to determine the main obstacles and
problems in financing their development. The results revealed the main directions that we need to
pursue to achieve a higher rate of absorption of non-refundable financial aid.
Key words: Entrepreneurship, agriculture, development, state aid, EU funds
1. INTRODUCTION
Entrepreneurship is increasingly recognized as an important driver of economic growth, productivity,
innovation and employment, and it is widely accepted as a key aspect of economic dynamism: the
birth and death of firms and their growth and downsizing. As firms enter and exit the market, theory
suggests that the new arrivals will be more efficient than those they displace. Existing firms that are
not driven out are forced to innovate and become more productive in order to compete. Governments
increasingly consider entrepreneurship and innovation to be the cornerstones of a competitive national
economy, and in most countries entrepreneurship policies are in fact closely connected to innovation
policies, with which they share many characteristics and challenges. Both are associated with “doing
something new” and, designed correctly, they can be mutually reinforcing. The dynamic process of
new firm creation introduces and disperses innovative products, processes and organizational
structures throughout the economy. Entrepreneurship objectives and policies nevertheless differ
considerably among countries, owing to different policy needs and diverse perspectives on what is
meant by entrepreneurship. In some countries, entrepreneurship is linked to regional development
programmes and the creation of new firms is stimulated to boost employment and output in depressed
regions. In others, entrepreneurship is a key element of strategies designed to facilitate the
participation of certain target groups, such as women or minorities, in the economy. Some countries
simply seek to increase firm creation as such, while others set out to support high-growth firms. While
many countries are making serious efforts to support entrepreneurship, results appear to vary.
Countries want to understand the determinants of and obstacles to entrepreneurship, and they need to
analyze the effectiveness of different policy approaches. The lack of internationally comparable
empirical evidence has however constrained our understanding of entrepreneurship and many
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questions remain unanswered. Ultimately, policy making must be guided, as far as possible, by
evidence and facts.
In conditions of the global crisis and growing globalization, the European economy is facing moments
of transformation. Europe 2020: the EU Strategy for smart, sustainable and inclusive growth sets out a
vision of Europe's social market economy for the 21st century. Micro, small and medium-sized
enterprises (SMEs) play a central role in the European economy. They are a major source of
entrepreneurial skills, innovation and employment and account for a large proportion of Europe’s
economic and professional activity. The European Union has recognized the importance and the
potential of SMEs adopting the Charter for Small Enterprises pledging its commitment for creation of
environment crucial for SME development.
For small countries such as Croatia, market competitive and viable entrepreneurs, with value added
products are the prerequisite for new markets’ penetration. Market selection is predetermined by the
level of market competitiveness and products’ demand. Therefore it is obvious that technological
competency and product competitiveness are the key areas of concerns for overall SME
competitiveness. In recent years, Croatia has put major effort on adopting the principles of the Charter
in its strategic national documents such as the Strategic Development Framework for 2006-2013 and
Strategic Coherence Framework 2007-2013 that set the goals for development and improved
competitiveness of the Croatian economy in the context of EU accession process by fostering
improvement of production capacity, increasing the quality of the products and strengthening of
human resources in SMEs. This is to be achieved through productive investments into innovative
technologies, new product development, higher quality production, production with high added value
and production less demanding on the consumption of energy and raw materials. Difficulties regarding
access to finance represent an important barrier both in establishing new firms and in the further
development of existing ones. As a country which will soon join the EU, Croatia’s main concern is to
ensure that its enterprises remain competitive within the Single and global market, thus contributing to
competitive EU economy. One of the very important ways to increase the competitiveness will be
achieved through energy efficiency introduction and ecological product protection, as well as through
establishment of systems for quality management, environment management, and product
compatibility with International and EU standards. In order to do so, Croatian companies need to
invest in new processes and new technologies including green and energy efficient technologies, in
ICT development and in the development of new products including testing and certification to ensure
their compliance with international quality standards.
2. SITUATION IN THE ENTERPRISE AND AGRICULTURE SECTOR
Performance of the small and medium enterprise sector in Croatia is always important, because these
enterprises make up a significant part of the economy (through participation in employment, in
creation of gross domestic product and exports). The issue of performance of this part of economy is
now more important than ever – due to prolonged long-term unemployment in Croatia and Croatia’s
forthcoming accession to European Union whose economic policy gives special importance to small
and medium enterprises. The ability of Croatian small and medium enterprises to compete successfully
and respond to the challenges set by the demanding market, new regulations and tough competition in
the EU will be of key significance for their survival and development in the European Union’s single
market.
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Table 1. Criteria of classification of small business entities
Number

Annual revenue

Assets

Type of

of employees

In million EUR

In million EUR

business entity

EU/Croatia

EU/Croatia

EU/Croatia

Micro

0-9

2

2

Small

10-49

10

10

Medium

50-249

50

43

Source: Narodne Novine JSC, 2012.
Small Business Development Promotion Act in Croatia distinguishes micro, small and medium small
business entities. Micro entities are physical and legal entities that annually on average employ less
than 10 employees and achieve total annual revenue equivalent up to 2,000,000.00 EUR, i.e. have
value of long-term assets equivalent up to 2,000,000.00 EUR. Small entities are physical and legal
entities that annually on average employ less than 50 employees. Achieve total annual revenue
equivalent up to 10,000,000.00 EUR or have balance sum if they are profit tax payers, i.e., have longterm assets equivalent up to 10,000,000.00 EUR if they are income tax payers. Medium entities are
physical and legal entities that annually on average employ more than 50 and less than 250 employees.
Achieve total annual revenue equivalent from 10,000,000.00 EUR to 50,000,000.00 EUR or have
balance sum if they are profit tax payers, i.e., have long-term assets equivalent from 10,000,000.00
EUR to 43,000,000.00 EUR if they are income tax payers.
Table 2. Enterprise structure regarding enterprise size in 2001, 2010 and 2011
2001

2010

Number
of entities

2011

Number
%

of entities

Number
%

of entities

%

Small

54,416

95

95,004

98

89,539

98

Medium

2,203

4

1,379

1,5

1,292

1,5

Large

571

1

375

0,5

359

0,5

Total

56,987

100

96,758

100

91,190

100

Source: Croatian Chamber of Economy, 2012
In 2011, as a result of adverse conditions in the environment and general negative economic trends, a
decline in the number of business entities was recorded, but the structure of economy with regard to
enterprise size remained the same. The biggest drop was in the category of medium enterprises (6.3%),
followed by small enterprises (5.7%), while decline in the category of large enterprises was 4.3%.
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Table 3. Employee structure regarding enterprise size in 2001, 2010 and 2011
2001

2010

Number
of employees

2011

Number
%

of employees

Number
%

%

of employees

Small

247.340

34,0

415.320

48,3

386.692

46,4

Medium

161.426

22,2

157.147

18,3

159.616

19,1

Large

318.467

43,8

287.341

33,4

287.035

34,5

Total

727.233

100,00

859.808

100,00

833.343

100,00

Source: Croatian Chamber of Economy, 2012
Asymmetry of changes in employment, depending on enterprise size, is visible in comparison with
2001 (although in 2011 there are certain changes in relation to 2010, the global conclusion is valid):
employment in the category of small enterprises is significantly increasing, employment in large
enterprises is significantly decreasing, while level of employment in medium enterprises is the most
stable.
For many years, numerous worldwide studies in which Croatia is included point to the same obstacles
to the development of entrepreneurship in Croatia such as long and expensive procedures for start-up
and termination of an enterprise, inefficiency of the judiciary, long ownership registration procedures,
low focus on entrepreneurial education, underdevelopment of non-formal forms of financing of startup of business ventures.
Table 4. Global competitiveness results for 2011 – Croatia and reference countries
Ranking 2012

Ranking 2011

Change

Czech Republic

39.

38.

-1

Poland

41.

41.

0

Slovenia

56.

57.

+1

Hungary

60.

48.

-12

Bulgaria

62.

74.

+12

Slovakia

71.

69.

-2

Montenegro

72.

60.

-12

Romania

78.

77.

-1

Macedonia

80.

79.

-1

Croatia

81.

76.

-5

Bosnia and Herzegovina

88.

100.

+12

Albania

89.

78.

-11

Serbia

95.

95.

0

Source: World Economic Forum / NCC, 2012
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As the most problematic factors for doing business in Croatia the Global Competitiveness Report
identifies: low efficiency of public administration, corruption, instability of policies, tax rates,
restrictive labour legislation, access to financial resources, tax policy, and poor work ethic of the
national workforce. According to results of the Global Competitiveness Report for 2011, Croatia is
still situated among the countries of Southeastern Europe – Montenegro (72nd), Romania (78th),
Bosnia and Herzegovina (88th) and Albania (89th), while Macedonia (80th place) is ahead of Croatia
for the first time.
3. ACCESS TO FINANCING FOR ENTERPRISE AND AGRICULTURE SECTOR
Access to funding depends largely on private businesses and its business indicators in the last few
years. There are many possibilities for financing enterprise and agriculture, and the most dominant are
banks and financial institutions, state aid and EU funds.
3.1. Banks and financial institutions
The market of banking loans and services intended for small and medium enterprises is highly
developed in Croatia. Almost all banks offer loans to small and medium enterprises in a wide range of
products and services: loans for tourism services, agriculture, for young people, for women, for new
technologies, for Croatian war veterans, for export, for investments, for working capital, for start-ups,
etc.
Table 5. Terms of financing of enterprises according to the offer of largest banks in Croatia
Zagreba ka banka
JSC

Privredna banka
Zagreb JSC and
HBOR

Erste
Steiermarkische
Bank JSC

Hypo-Alpe-Adria
Bank JSC

75% of investment,
up to 1.050.000

depending on
creditworthiness

Up to 70% of total
investment value

at least 25%

-

-

-

up to 25 years

up to 10 years

3-15 years

10-15 years

up to 12 months

up to 2 years

12-24 months

1-3 years

consensual

annual fixed 2, 4, 6

consensual

depending

Long-term loans

Amount EUR

5.000-250.000

Own participation
Duration
Grace period
Interest %

Insurance

1:1,5

1:1,5, other
instruments
according to Bank’s
and HBOR’s
assessment

1:1-1:1,5

Promissory notes,
debentures,
deposits, land
registry certificate,
deed, property
valuation

Short-term loans
Amount EUR

15

Depending on
client’s credit
standings

-

depending on
creditworthiness
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Duration

up to 12 months

up to 12 months

up to 12 months

up to 12 months

Interest

consensual

consensual

consensual

consensual

1:1

1:1,5, other
instruments
according to Bank’s
and HBOR’s
assessment

Deposit, pledge of
commission
disbursement,
pledge of securities

Promissory notes,
debentures,
deposits, land
registry certificate,
deed, property
valuation

Insurance

Source: Zagreba ka Banka JSC et al, 2012
Table 5 shows the terms for allocation of long-term and short-term financing to small and medium
enterprises according to the offer of largest banks in Croatia (Zagreba ka Banka JSC, Privredna Banka
Zagreb JSC and HBOR, Erste Steiermarkische Bank JSC and Hypo-Alpe-Adria Bank JSC).
3.2. State aid for development
Current national and regional policies and programs that regulate and stimulate the small and medium
enterprise sector in Croatia are:
SME Promotion Programme 2008-2012, from 2008, which contains an overview of guidelines for
the implementation of incentives for SME development, and determines goals, measures and
assignments including mechanisms for implementation and monitoring of activities and projects;
SME Promotion Operational Plan for 2011, from February 2011, which includes projects,
beneficiaries, measures and incentive funds on the annual level with the aim of implementation of
the SME Promotion Programme 2008-2012;
Strategy for Regional Development of the Republic of Croatia 2011-2013, from May 2010, which
determines the development goals aimed at socio-economic development of the Republic of
Croatia, and reducing regional development disparities;
Strategy for Development of Women Entrepreneurship in the Republic of Croatia 2010-2013,
from 2010;
National Strategy for Entrepreneurial Learning 2010-2014, from 2010;
Cluster Development Strategy in the Republic of Croatia 2011-2020, from 2011;
Program of measures for simplification of business of small business entities, from 2010, goals of
which are protection of the market from unfair competition and imports of goods of unknown
origin, fight against the grey economy, and improvement of e-commerce;
Guidelines for short-term development crafts 2011-2012, from 2010.
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Table 6. Aids of the Ministry of Economy, Labour and Entrepreneurship approved within the SME
Promotion Operational Plan for 2011
Number of awarded aids
Competitiveness and innovation

Amount of awarded aids EUR

3021

12.858.580

Entrepreneurial infrastructure

162

7.413.733

Education for entrepreneurship

174

586.573

1805

2.025.274

67

252.946

171

3.375.966

5400

26.513.072

Craftsmanship
Promotion of entrepreneurship
Promotion of international competitiveness
and internationalization
Total

Source: Ministry of Entrepreneurship and Crafts, 2012
In 2011, a total of 5,400 aids were approved within the following projects: Strengthening small
business competitiveness; Competitiveness through innovation; Competitiveness of the most
successful “Gazelles”; Women entrepreneurship; Entrepreneurship of young people, start-ups and
disabled people; Entrepreneurship in culture; Cooperative entrepreneurship; Clusters; Construction of
entrepreneurial zones; Business support institutions; Education for entrepreneurship; Promotion of
development of crafts; Additional training and retraining in crafts; Development of traditional and
artistic crafts; Promotion of entrepreneurship; Internationalization of Croatian economy and
Strengthening international competitiveness.
3.3. EU funds as an external financial contribution
Since the entry of new members from Central and Eastern Europe contributed to the creation of gaps
in development within the European Union, it was necessary to develop programs which will help to
encourage development in these countries. In this purpose, the European Union has provided structural
support for countries that are not yet EU members, candidate countries. By accessing the system
joining, opened the doors of many financial instruments that the country can use, or compete in
competitions for them. Here, then, is a so-called assistance programs. Pre-accession programs. To
meet the minimum criteria for the management of funds to help the European Union pre-accession
funds, the beneficiary must: define a system of fund management, internal rules of procedure on
procurement and payment and clear institutional and personal responsibilities; respect the principle of
separation of powers over the process of procurement and disbursement, management System to help
equip the European Union personnel who possess appropriate qualifications and experience in the
field of language, revision and implementation of the Union (Frki & Rek, 2004). In the periods of
financial crisis, the main efforts must go in direction of raising regional competitiveness of specific
country by investing in development. While it is important to introduce structural changes to adapt the
international system to prevent future crises, this cannot be achieved without significant immediate
measures to promote recovery from the current crisis. It is essential that governments undertake
reforms that address the underlying factors that contributed to the current economic crisis if the world
is to emerge from the crisis into sustainable, balanced growth (Stiglitz, 2010).
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One of the measures is made through regional policy of the government. Croatia has on its disposal
various granting shames on the national level for regional development as well as EU funds on the
level of the European Union. Croatia is used exclusively humanitarian aid. Since 1996 to 2000 she was
the beneficiary of RECONSTRUCTION, the first EU program that Croatian institutions provided
technical assistance for the process of European integration. This support continued through the
CARDS program, which is used by Croatia in the period since 2001 to 2004. After acquiring the status
of candidate country for EU membership, Croatia has on its disposal three pre-accession programsPhare, ISPA and SAPARD - during the fiscal year 2005 and 2006. The establishment of the Single
Instrument for Pre-Accession Assistance in 2007, Croatia became and remains his beneficiary until the
date of accession (Central Office for Development Strategy and Coordination of EU Funds, 2006).
Table 7. Allocated and used IPA until mid 2012 in million of EUR- Croatia
IPA I

IPA II

IPA III

Allocated financial resources

201.434.016

10.319.302

257.350.000

Contracted financial resources

121.740.691

5.899.059

126.779.475

60.44 %

57.17 %

49,68 %

Received financial resources from the
European Commission

94.648.780

5.315.556

78.026.901

Paid grant users

80.318.224

4.139.551

44.565.792

Paid/Contracted

65.04 %

63.82 %

40,58 %

Allocated/Contracted

IPA IV

IPA V

-

Allocated financial resources

69.977.000

129.400.000

-

Contracted financial resources

35.698.679

38 171 461

-

51.01 %

29.50 %

-

Received financial resources from the
European Commission

26.167.666

25.776.144

-

Paid grant users

27.119.648

4 416 817

-

Paid/Contracted

72.62 %

10.58 %

-

Allocated/Contracted

Source: Gr

, 2012.

As we can see in table 7, the rate of utilization of IPA fund is very unsatisfactory. The most used,
component IV has rate of 72.62%, while the rate of utilization of component V.- Rural Development
(IPARD) is shameful with only 10.58%. After the process of accession into the European Union,
Croatia will have on its disposal Structural and Cohesion funds in order to develop enterprises and
agriculture as well as whole regions.
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4. CHALLENGES IN FINANCING ENTERPRISE AND AGRICULTURE SECTOR
The globalization process is characterized by stronger competition and ever-stricter marketing
conditions. Therefore, quality management and quality assurance have become a necessity in the
struggle for a market and buyers resulting in continuous work in this field (Lackovi , Andrli , and
Lackovi , 2009). Entrepreneurs and agriculture producers play a significant role in all economies and
are the key generators of employment and income, and drivers of innovation and growth.
Entrepreneurs have been directly involved in building the U.S. economy since before the American
Revolution. As artisans, shopkeepers, and early industrialists, many of whom introduced innovations
and grew their businesses around them, they anchored and developed that economy. Their individual
business decisions and their active participation in local governance constituted early economic
development (Lichtenstein & Lyons, 2010).
The research was conducted through a questionnaire among 253 entrepreneurs and agriculture
producers in order to identify key barriers and constraints on the achievement of EU funds. The
conducted research led us to the following conclusions, which are the main problems in attracting
financial aid for enterprises and agriculture producers:
1. Entrepreneurs are not familiar with the available funding options;
2. Entrepreneurs do not have accurate and timely information;
3. Entrepreneurs are skeptical about possible aid;
4. Entrepreneurs are not educated enough;
5. Entrepreneurs do not have enough qualified personnel;
6. Entrepreneurs haven’t got ideas for developing projects;
7. Businesses do not meet the conditions and criteria’s of tender,
8. Bureaucracy and long procedures for obtaining the necessary permits.
One of the major problems limiting the absorption of the EU funds is human resources. Insufficient
number of trained people for the preparation and implementation of projects, insufficient information
and lack of experience are the main reasons why countries are not successful enough in attracting
funds.
In the EU there is a need for strengthening the absorption capacities of the countries, with emphasis on
increasing financial resources for the preparation and implementation of projects, increasing the
number of employees involved in projects, improving cooperation with state bodies, increasing
cooperation with scientific and research institutions, increasing employee training, improving
cooperation with European partners, improving cooperation with business sector, improving
cooperation with other regions, improving cooperation with NGOs, improving internal organization
and management, improving the availability of information on tenders, improving technical conditions
for work (Puljiz, 2011). Most challenges of regional development in the context of absorption of EU
funds are complex rules for the implementation of all programs, the need for a significant
improvement of strategic planning, lack of information and awareness about the importance of
successful implementation of projects financed from the EU funds, establishment of new and
consolidating existing institutions and their accreditation by the European Commission, the need to
recruit new staff, while simultaneously reducing the required number of employees in public
administration, requested the experts who are deficient in the management occupations (engineers
with specific knowledge, etc.), the importance of maintaining the system of specially trained, high
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quality, and at the same relatively low-paid workers, according to their value on the labor market
(Pej inovi , 2010).
5. CONCLUSION
Entrepreneurs and agriculture producers are an important part of all economies and they are essential
for the economic growth. For the regional development of Croatia, it is essential to invest in project
preparation and implementation on all levels, especially in development of entrepreneurs and
agriculture producers. There are many support programs on the national level but the main direction
should be support of EU and its available funds. The European Union provides support to European
entrepreneurs and agriculture producers in different forms such as grants, loans and, in some cases,
guarantees. Support is available either directly or through programmes managed at national or regional
level, such as the European Union’s Structural Funds. Entrepreneurs and agriculture producers can
also benefit from a series of non-financial assistance measures in the form of programmes and
business support services. Croatian entrepreneurs and agriculture producers will have on its disposal
structural funds when Croatia became the EU full member. In the meanwhile, Croatia can use
Instrument for pre-accession assistance (IPA) for various granting sectors.
Based on our research, the conclusion is that the main problem in Croatia is lack of quality human
resources; lack of knowledge, inertness, lack of information, information in delay, instant consultants,
political influence and other limiting factors in project preparation and granting process. The only
solution is that every entrepreneurs and agriculture producers have inside their organization person
educated for project preparation or to engage in preparation external expert for that. It is also needed to
reduce factors for rejecting projects from the contracting authority and to inform entrepreneurs and
agriculture producers with right information in the right time. Entrepreneurs and agriculture producers
should present both positive and negative sides and give them instructions for the timely response. All
that problems should be solved through regional policy of Croatia, and measures that will insure that
mistakes don’t happen in the future. Croatian entrepreneurs and agriculture producers must be
prepared for the EU funds that are coming in the future to have competitiveness power on the
European market.
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Abstract
Being widely used in medicine fructan polysaccharides are also considered the protective agents to
various abiotic stresses. Antarctic mosses must have characteristics of extremal adaptation so
studying their adaptation mechanisms including fructan synthesis appears promising. Moss different
species tolerance to the effect of increased salinity (NaCl), increased nitrogen content (NH4NO3), low
and high (+4 and +38oC) temperature abiotic stress factors was measured by the level of moss
surviving, the coefficient of reproduction and the fructan content in plant extracts. W.fontinaliopsis
plant samples appeared the most tolerant to modeled abiotic stress conditions, comparing to the other
studied moss species. Salt and nitrogen stress effect led to fructan content increasing in
W.fontinaliopsis plants comparing to control non-effected samples while high temperature stress effect
caused nearly ten-time fructan content increasing. The neutral comet assay was performed in order to
evaluate the moss extracts UV protective activity and showed the decreasing of the DNA damages
level depending on the extract concentration.
Key words: fructans, Antarctic mosses, abiotic stress tolerance, UV-protection.
1 INTRODUCTION
Fructans are carbohydrate fructose polymers known for their biological activity and usability in
medicine. They are naturally found in cichory, artichokes, leeks, onion bulbs, garlic, watermelon and
others (Pollock, CJ & Cairns, AJ 1991, Wei, JZ et al. 2002, Bancal, P, Carpita, NC & Gaudillère JP
1992, Bhatia, IS & Nandra, KS 1979, López, MG, Mancilla Margalli, NA & Mendoza Díaz, G 2003,
Gupta, AK & Kaur, N 2000) though finding the new sources of fructans seems promising. The fructan
polysaccharides are used as diet food additive in case of carbohydrate metabolism disorders, calcium
and magnium metabolism disorders (Abrams, SA et al. 2005.) dysbacteriosis, diabetes, bloodcirculatory system diseases (Roberfroid, MB 2005). For example, inulin type fructan is considered a
full glucose substitute with hypoglycemic effect while its usage causes the sugar level, cholesterol and
triglyceride content decreasing significantly in blood of diabetic patients. (Kok, NN, Taper, HS &
Delzenne, NM 1998, Delzenne, NM & Kok, N 2001, Delzenne, NM t al. 2002, Williams, CM &
Jackson, KG 2002, Kaur, N & Gupta, AK 2002) As the long-chained fructans are not digested they are
called dietary fibers, as sorbent they also cause toxic substances excretion from digestive system.
(Kelly, G 2008) Moreover, the fructans are used as prebiotics as inulin stimulates the lacto- and
bifidobacteria intestine microflora growth. (Özer, D, Akin, S & Özer, B 2005, Roberfroid, MB, Van
Loo, J & Gibson, GR 1998) The short-chained fructans are used as additive medicine for curing some
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forms of oncological diseases. (Pool-Zobel, BL 2005, Taper, HS, Lemort, C & Roberfroid, MB 1998,
Taper, HS & Roberfroid, MB 2000)
Fructans are storage polysaccharides in plant and bacteria cells, they also act as osmoregulators and
antifreezes. Fructans appeared the protective agents to various abiotic stresses. Fructan synthesis level
was shown to increase greatly in case of low temperature (Portesa, MT et al. 2008), drought (Monti, A
et al. 2005) and other abiotic stress effect due to fructan ability to change polymerization level.
(Hincha, DK et al. 2002, Monti, A et al. 2005, Pilon-Smits, EAH et al. 1995)
Fructan synthesis is also carried out in case of plant in vitro cultivation. For chicory roots in vitro
culture inulin concentration has been reported even higher comparing to the one of in vivo root culture.
(Ranjitha Kumari, BD, Velayutham, P & Anitha, SA 2007) Besides the in vitro plant cultivation
enables the conservation of rare or endangered plant species, quick plant biomass production and
controlling the conditions of in vitro plant cultivation for regulation of valuable plant substance
synthesis.
Antarctic mosses are considered the ones of great interest because of the extreme conditions of
surviving in this region. Being the Antarctic plants, they, naturally, must have characteristics of
extremal adaptation so that the studying of their adaptation mechanisms including fructan synthesis
appears promising. Besides, Antarctic mosses are reported of various types of biological activity
(Decker, EL & Reski, R 2007). They may become new source of biologically active substances, for
example fructans.
Here we report the increasing of fructan level in Antarctic moss plants in response to the abiotic stress
effect and discuss the UV- and DNA-protective activity of moss extracts.
2 MATERIALS AND METHODS
2.1 Plant material
We used the in vitro culture samples of Polytrichum juniperinum Hedw., Warnstorfia fontinaliopsis
Müll.Hal., Sanionia georgicouncinata (Müll.Hal.) Ochyra and Hedenäs, Bryum pseudotriquetrum
(Hedw.) P.Gaertn., Bryum argenteum Hedw., Pohlia nutans (Hedw.) Lindb., Ceratodon purpureus
(Hedw.) Brid. Antarctic mosses. Antarctic mosses were obtained from several regions of Antarctica:
Galindes Island, Dronning Maud Land, Enderby Land (Fig.1). We also used non-Antarctic
Physcomitrella patens (Hedw.) Bruch & Schimp. moss samples from Ukraine (Lviv).

A

B

Figure 1 Warnstorfia fontinaliopsis (Müll.Hal.) Ochyra plants collected in Galindes Island (point 023,
65° 14' 56.73" S 64° 14' 42.53" W): – native sample, – in vitro cultivated samples
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2.2 Stress conditions modeling and fructan content measurement
The plants were being cultivated in vitro on MS medium (Murashige, T & Skoog, F 1962) at 24oC
under the conditions of 16-hour photoperiod and propagated by shooting induction. The effect of
increased salinity (NaCl), increased nitrogen content (in NH 4NO3 form), low and high (+4 and +38oC)
temperature abiotic stress factors on fructan synthesis level was measured. For salt or nitrogen stress
modeling the plants were being 30-day-cultivated on the media with 25, 50, 100 and 200 mM NaCl or
0,83, 1,65, 3,3, 6,6 and 13,2 g/l NH4NO3 respectively. For studying low and high temperature effect
the plants were being cultivated at +4 oC for 2, 10 and 20 days or at +38 oC for 24 and 48 hours
respectively, and then they were grown at +24 oC up to 30 days since the beginning of stress factor
effecting. We used the method based of fructan ability to interact with rezorcin (in acidic environment)
with the stained hydroxymethylfurfural formation for fructan content measurement on the 30th day.
2.3 Biological activity assay
The comet electrophoresis method was used for measurement of W. fontinaliopsis extract biological
activity. This Antarctic moss extracts were obtained by incubation of weighed plants in phosphate
buffer (pH 7,4) aliquots at +240 for 60 minutes.
Human peripheral blood lymphocytes were used for comet assay. Cell suspension in RPMI 1640
medium was separated into four aliquots. The first one was exposed to UV-C light in dose of 40 J/m2
to induce DNA damages (for example, thymine dimmers) and then cells were incubated at 370 to
allow excision repair proteins introduce single strand brakes at these sites (negative control). The
second aliquot (suspension of interest), previously incubated at 370 in RPMI 1640 medium with 100
µl and 200 µl of extract for one hour, was irradiated at 40 J/m2 and then again cultivated for 15 min at
the same condition. Cells from third sample were cultivated as the second one, but without UV-C
exposure (control of extract action) and the fourth sample was exposed to any treatment (positive
control).
Each aliquot of lymphocytes suspension (50 µl) was mixed with 100 µl 1% low-melting agarose and
25 µl of this mixture was used to prepare microscope slides covered with 1% high-melting point
agarose. Slides were kept at 4° until agarose polymerization and then placed into lysis solution (2,5
M NaCl, 100 mM DTA, 10 mM Tris-HCl (
8,0), 1% Triton X-100). Cells were exposed to the
lysis solution for 2 hour at 4° . After lysis treatment slides were washed with TBE buffer (0,089
Tris, 0,089 M H3BO3, 0,002 M EDTA, p 7,5) and then neutral comet assay was performed for 20
min (4° , 1 V/ m, 300
). After electrophoresis slides, without any fixation, were stained with 1
mg/mL 4’,6-diamidino-2-phenylindole (Sigma) and immediately analyzed with fluorescence
microscope (LOMO, Russia) connected with camera Canon A570. Totally 100–200 cells on each slide
were analyzed with Comet Score software to determine the relative amount DNA in tail.
2.4 Statistical methods
The statistical design was carried on for the obtained results in way of fructan content measurement.
The variance analytical models showing the median with the confidence ranges for the studied group
rates with p value <0.05 were considered statistically significant and became the basis for
comparisons. We also used Student criterion to evaluate the significance of comparisons of the
obtained results.
3 RESULTS AND DISCUSSION
The fructan content was measured for the moss P. juniperinum, W. fontinaliopsis, S.
georgicouncinata, B. pseudotriquetrum, B. argenteum, P. nutans, C. purpureus and P. patens in vitro
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samples. The obtained data differed for the mosses of different species from 19,29 ±0,67 mg/g FW for
P. juniperinum to 34,12± 3,81 mg/g FW B. pseudotriquetrum cultivated at +24 (fig. 2).
Moss different species tolerance to abiotic stress effect was measured by the level of moss surviving
and the coefficient of moss reproduction under the stress conditions. W.fontinaliopsis plant samples
appeared significantly the most tolerant to abiotic stress conditions, compared to the other studied
moss species. For example the salt stress conditions showed even stimulating effect on the
W.fontinaliopsis coffiecient of plant reproduction while, for example, the P.patens coefficient of
reproduction significantly decreased with NaCl concentration increasing (data unshown). This way the
further studies were carried out mainly for W.fontinaliopsis plant samples as for the most promising
ones. The P.juniperinum samples were taken for the control ones.

Figure 2 Fructan content in Antarctic P.juniperinum, B. argenteum. P. nutans, B. pseudotriquetrum,
S. georgicouncinata, W. fontinaliopsis mosses and non-Antarctic moss P. patens
High temperature stress effect led to nearly ten-time fructan content increasing in W.fontinaliopsis
moss extracts comparing to the control non-effected samples. The P.juniperinum sample high
temperature treatment led to fructan content lowering under the same conditions (Fig 3).
The obtained results let us assuming the W.fontinaliopsis moss samples a promising source of fructan
obtaining in case of modeling the certain conditions of moss cultivating.
Low temperature stress effect led to fructan content increasing in W.fontinaliopsis moss extracts
comparing to the control non-effected samples while P.juniperinum samples low temperature
treatment led to insignificant fructan content lowering under the same conditions (Fig 4).
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Figure 3 Fructan content in P.juniperinum or W. fontinaliopsis mosses under the high temperature
stress conditions

Figure 4 Fructan content in P.juniperinum or W. fontinaliopsis mosses under the low temperature
stress conditions
Salt and nitrogen stress effect led to fructan content increasing in W.fontinaliopsis plants comparing to
the control non-effected samples. So that the fructan content in case of 50 mM NaCl treatment
increased in 1,64 times for W.fontinaliopsis mosses (fig. 5). The NH4NO3 concentration increasing
from 0,82 to 3,3 g/l led to fructan content increasing in 2,14 times for these plants (fig.6). The fructan
content of P.juniperinum samples was varying insignificantly under salt or nitrogen stress conditions.
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Figure 5 Fructan content in W. fontinaliopsis (W.f.) and P.juniperinum (P.j.) mosses under the NaCl
stress conditions

Figure 6 Fructan content in W. fontinaliopsis (W.f.) and P.juniperinum (P.j.) mosses under the
NH4NO3 stress conditions
To evaluate whether the moss extracts have UV protective activity the neutral comet assay was
performed. The relative amount of DNA in comet tail was used as main parameter that indicates the
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level of UV-induced damages (Fig.7). The average DNA rate in tail was 0.125 for positive control,
that correlates the results previously obtained for intact lymphocytes (Afanasieva, K, Zazhytska, M &
Sivolob, A 2010). In negative control (UV) the average DNA level in tail was 0.139 that shows the
accumulation of strand breaks of UV-induced DNA damages in excision sites and, thus, the
effectiveness of UV-C irradiation. In UV-irradiated cells which were incubated with extracts (third
aliquot) relative amount DNA in tail was 0.052 for 100 µl and 0.039 for 200 µl of additive extract.
Thus, addition of moss extracts to cell suspensions leads to decreasing of the DNA damages level
depending on extract concentration in culture medium.

A

B

Figure 7 Typical comets after DAPI staining at 20 min of electrophoresis. ( ) – after UVC treatment
without incubation with moss extracts, (b) – after incubation with extracts and UVC treatment.
Such effect was observed also for the other experiment in non-irradiated cells. In control the average
rate of DNA in tail was 0.15. The relative amount DNA in tail was 0.07 -0,09 in cells which were
incubated with extracts. The obtained results let us suggest the W.fontinaliopsis extract had UVprotecting properties.
The plants (including mosses) are known for various regulatory mechanisms of their protecting of the
abiotic stress factors (Valluru, R & den Ende, WV 2008). Fructans are reported able to stabilize
membranes and protect plant cells against salt, temperature, drought stresses. (Hendry, GAF 1993,
Hincha, DK et al. 2002, Hincha, DK, Hellwege, EM, Heyer, AG & Crowe, JH 2000, Hinrichs, WLJ et
al. 2005, Vereyken, IJ et al. 2003).
The salt, nitrogen, cold and high temperature stress in our study has been shown to lead to fructan
content increasing for the moss plant species known for their high tolerance to abiotic stress factors.
Here the W.fontinaliopsis plants appeared prominent as the ones that reacted the stresses by significant
fructan level increasing. The greatest effect on fructan accumulation was observed in case of high
temperature stress. W.fontinaliopsis plants incubation for 24 hours at +37C led to ten-time fructan
content increasing comparing to the control variant. The extracts of Antarctic W.fontinaliopsis moss
known for their high tolerance to abiotic stress effect and high fructan content showed the biological
activity in way of decreasing the DNA damage level in case of UV radition effect. The discovered
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effect of fructan level increasing in case of abiotic stress effect may be used for biotechnology for
obtaining the biologically active extracts with UV and DNA protective features or enable the highlevel fructan production for moss plants.
Supported by NASU RFBR grant 2012-2013 no. 0112U002937
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Abstract
Prohexadione-calcium (Regalis) is a shoot growth retardant that inhibits gibberellins biosynthesis.
The study aimed to evaluate the efficacy of Regalis by foliar applications in Passé Crassane pear to
reduce tree vigor, shoot growth, to improve the structure of the canopy, to accelerate the earliness of
fruit bearing and to control the alternate fruit production. Three different dosages were tested: 50ppm,
100ppm 150ppm. Regalis treatments ranging from 50 to 150ppm were compared with control, without
treatments. The first treatment was applied 7days after petal fall; the others every 10 days after the
first treatment. The data was collected at the end of the vegetation. Shoot growth vigor and length of
node was significantly different at 150ppm treatment compare to 100ppm and 50ppm treatments. The
mean number of nodes per shoot was not significantly different between different treatments (50ppm,
100ppm,150ppm). Shoot length on nontreated trees was higher than for treated ones.
Key words: Prohexadione-Ca, Regalis, Growth retardant. Passe Crassane
1. INTRODUCTION
Several techniques have been employed to avoid excessive shoot growth as different types of dwarfing
rootstocks, dormant and summer pruning, root pruning, root restriction, stem girdling or sawing, limb
bending, breaking or wounding and restrictive fertilization and irrigation. However, any of these
methods is cost-intensive and bears a high risk of failure. Furthermore, part of trees assimilates are
lost.
Alternatively or additionally, plant regulator may be employed for the reduction of shoot growth (7)
Plant growth regulators that inhibit the development and growth of shoots have been used to reduce
the amount of shoot growth and subsequently increase yield. Plant growth regulators modify growth
and development in various ways. They can be well integrated into orchard production systems
gibberellin biosynthesis inhibitors have one key role in cell elongation (5,8).The most used growth
retardant is the Prohexadione-calcium (Regalis that has low toxicity and persistence in the plant.)
The inhibitory effect of Prohexadione-calcium (Regalis) lead on the formation of growth-active
gibberellin (8) leads to a reduction of longitudinal shoot growth
There are a number of applications of plant hormones in agriculture, horticulture, and biotechnology.
Trials with Prohexadione-calcium to control vegetative growth of apple, pear and plum trees were
demonstrated by other authors (1, 8). Prohexadione-calcium is a new generation gibberellins
biosynthesis inhibitor that has low toxicity and persistence in the plant.
The objective of this research was to quantify the efficacy Prohexadione-calcium (Regalis) at three
different concentrations, on three treatment times, on pear cultivar Passe Crassane.
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2. MATERIALS AND METHODS
Investigations of (Prohexadione-calcium (Regalis) effect on pear tree cv. Passe Crassane were carried
out at the region of Peja , municipality of Kline, Republic of Kosova. The orchard was planted in the
spring of 2009.Planting distance were 3x1,5m.Trees were trained as slender spindle A randomized
complete block with four replications, four treatments and two trees per experimental unit was used as
the experimental design.
Regalis ranging of treatments were as follow:

1. Control without treatment
2. Treatment with 50ppm (a.s) Regalis
3. Treatment with 100ppm (a.s) Regalis
4.

Treatment with 150ppm (a.s) Regalis

The first treatment was applied 7 days after the petal fall
The second 10 days after the first treatment
The third 10 days after the second treatment
The length of shoots, the number of the nodes, the length of internodes and number of leaves of new
growth (current growing season) on 15 randomly selected extension shoots (selected randomly on
each tree) was measured at end of growing season, on10 October. Differences between means of each
treatment were analyzed by the Duncan multiple range test (P < 0. 05).
3. RESULTS AND DISCUSSION
Vegetative growth is the parameter most obviously affected by (Prohexadione-calcium (Regalis)
applications. The inhibitory effect of the (Prohexadione-calcium (Regalis) formation of growth-active
gibberelline (8) leads to a reduction of longitudinal shoot growth .
As a general result, a successful use of in pear (Prohexadione-calcium (Regalis)r was more difficult to
achieve than in apple (3,4)
Table 1 summarizes the results of several experiments with ‘Passe Crassane”the widespread pear
cultivar in Kosova, in which the effects of different dosages of application had been evaluated. Final
shoot length was generally reduced by treatments by approximately 14.5% to 22 % as compared to
untreated trees. The length of the shoots was not significantly different between 50ppm and 100ppm.
Our results that the successful use of Regalis in pear was difficult to achieve have been confirmed by
other researchers (3).The treatment of the pome with Regalis both a single application of 250 g ha–1
(a.s). or a split treatment with 2 x 125 g ha–1(a.s). led to an average reduction of shoot growth by
approximately 40 %(9)
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Tab1. Effect of Prohexadione –calcium (Regalis) on length of shoot (cm)
Treatments

R1

R2

R3

R4

Sum

Means

V0(control )

27.536

26.370

27.240

31.545

112.691

28.173 a+

V1

25.818

22.870

23.080

24.042

95.810

23.953 b

V2

23.857

26.556

19.500

26.053

95.966

23.992b

V3

24.233

21.500

18.667

21.183

85.583

21.396b

Sum

101.444

97.296

88.487

102.823

390.050

Mean

25.361

24.324

22.122

25.706

24.378

* Separation by Duncan’s multiple range tests, at P< .05
(+Mean of four replications)
ANOVA
Source of Variation

SS

df

MS

F

F crit 95%

F crit 99%

Variation

94497500

3

31499167

7.74**

3.862548

6.991917

replication

31291156

3

10430385

2.565

3.862548

6.991917

Error

36597757

9

4066417

Total

1.62E+08

15

Means Comparisons
Comparisons with a control using Dunnett's Method
Control Group =
Control:
|d|

Alpha

2.68292

0.05
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Oneway Analysis of Replications By Variations

Tab 2 shows that number of nodes was not significantly difference between non-treated trees and
treated trees, while the increase in shoot length in absolute terms was different between treatments.
This means that the treatment with Regalis inhibits growth of the shoots but did not prevent the
formation of the buds. For this reason the average number of the buds is equal in treated trees with
Prohexadione-calcium and untreated ones.
Tab2. The mean number of internodes for shoot
Treatments

r1

r2

r3

r4

Means

V0(control)

7,010

8,507

8,513

8,013

8.0107

V1

7,594

7,290

7,360

6,869

7,278

V2

7,455

8,047

6,167

8,684

7,588

V3

8,078

7,414

6,667

7,845

7,501

Means

7,534

7,814

7,176

8,103

7.657

Source of Variation

SS

df

MS

F

F crit 95%

F crit 99%

Variation

1.128238

3

0.376079

0.650369

3.862548

6.991917

Replication

1.172953

3

0.390984

0.676145

3.862548

6.991917

Error

5.204294

9

0.578255

Total

7.505484

15

ANOVA
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9

R 8.5
e
pl 8
ic
at 7.5
io
7
n
6.5
6

Control

V2

V3

V4

With Control
Dunnett's

Treatments

0.05

Evaluation of the data of Table 1 with Table 3 shows that the increase of the shoot length is
proportional to the increase of internodes length. This means that the buds formed on the trees treated
with Regalis have less competition from the apical dominance of the growing shoot. Consequently, the
possibility of their differentiation in flowering must be greater. This has been confirmed by other
authors. Excessive vigor could be considered to competitively inhibit flowering through hormonal
control (6)
Tab3.The mean length of internodes(cm)
Treatments

P1

P2

P3

P4

Means

V0

3.5

3.1

3.2

3.5

3.325 a

V1

3.4

3

3

3.5

3.225a+

V2

3.2

3.3

3

3

3.125a

V3

3

2.9

2.8

2.7

2.85b

Means

3.275

3.075

3

3.175

3.116

* Separation by Duncan’s multiple range tests, at P< .05
(+Mean of four replication)
ANOVA
Source of Variation

SS

df

MS

F

F crit 95%

F crit 99%

Variation

0.501875

3

0.167292

5.365256*

3.862548

6.991917

Replications

0.171875

3

0.057292

1.837416

3.862548

6.991917

Error

0.280625

9

0.031181

Total

0.954375

15
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As can be seen in Tab.4 the numbers of the leaves were almost equal in all the treated and untreated
trees.
Analyzing Tables 1 2 3 and 4 found that the effect of Regalis was not significantly in the number of
nodes and consequently in the number of buds and in the number of leaves. This confirms that only
shoot growth and internodes length may be controlled by Regalis application.
Tab.4 the mean number of leaves per shoot
Treatments

r1

r2

r3

r4

Means

V0

15.699

16.564

15.995

20.991

17.3121

V1

17.870

18.412

16.102

16.999

17.3458

V2

15.975

19.351

12.624

18.907

16.7142

V3

16.611

16.574

15.475

17.386

16.5113

Means

16.539

17.725

14.799

18.821

16.9709

Analysis of Variance
ANOVA
Source
of
Variation
Variation
Replications
Error
Total

36

SS

df

2.1358
28.0360
7
24.3637
4
54.5356
1

3
3
9

MS
0.71193
3
9.34535
6
2.70708
2

F

F
crit
95%

F
crit
99%

0.262989

3.862548

6.991917

3.452188

3.862548

6.991917
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So, the use of Regalis reduces the apical dominance of the growth of the shoots and may be promotes
the differentiation of flowers on the lateral buds.

Figure1. Treatment with 150ppm Regalis
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Figure 2.

No treatment
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Abstract
The paper aims to develop marginal budget share, income and price elasticities of household food
consumption for Turkey by applying the Linear Expenditure System (LES) to the data between 2002
and 2011 Household Budget Survey.
In this study, data of the Household Budget Survey (HBS) conducted and calculated by the Turkish
Statistical Institute (Turkstat). Marginal budget share, Income and Price elasticities under food group
for divided five income groups was estimated within the framework of the Linear Expenditure System
(LES) approach in Turkey. Findings for the price elasticities for LES model are consistent with
economic theory. At that time, price elasticities are negative.
Key words: Linear Expenditure system, Marginal budget share, Income and Price elasticity.
1. INTRODUCTION
The problem in this study stems from the fact that what household demand parameters by food group
would be in Turkey. In addition, as for the importance of this study for Turkey, it reveals the
expectation that despite advanced technological developments in the globalized world of today.
Especially, famine, food insecurity and food consumption will continue to be an important problem in
the world and in Turkey in the future, just like it is today.
In this study, calculation of price and income elasticities drawn from the Linear Expenditure System
was aimed, by using expenditure data relevant to the food group included in the Household Budget
Surveys (HBS) between 2002 and 2011. The main goal of this study is to analyze the food
consumption behavior of the households living in Turkey. As it is known, despite the fact that
household consumption expenditures are composed of twelve commodity groups, budget shares for
expenditures represent an important part of them. With in this study, it is possible to monitor, via the
marginal budget share, income and price elasticities, the food group for which the most and the least
expenses were made by the consumers. According to the results obtained, consumer demand
estimation of the households living in Turkey was analyzed.
There are numerous studies analyzing the demands for expenditure groups in world countries, whereas
the number of the studies conducted in this regard in Turkey. In the large majority of these few
studies, cross section data are used, yet studies conducted with time series data remain insufficient.
There are a few studies analyzing the demands for food items in Turkey and in the World that are as
follows:
Howe (1977), Sasaki and Saegusa (1974), Narayana and Vani (1996), Huang and Bouis (2001),
Burney and Akmal (1991), Lee, Brown and Seale (1994), Lewis and Andrews (1989), Deaton, Castillo
and Thomas (1989), Eastwood and Craven (1981), McConnell (1978), Lluch and Williams (1975),
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Lluch (1973), Philips (1972), Stone (1954), Pollak and Wales (1969), Ni anc (2002), Tansel (1986),
ahinli (2010).
In our data was established as a cross-section data set in this study. The econometric model was
estimated according to this organized and established Household Budget Surveys (HBS) data. In our
study, marginal budget share, income and price elasticities relevant to whole Turkey were obtained
between 2002 and 2011. Income and price elasticities were found in line with the parameters estimated
from the LES.
This paper comprises four sections that can be follows: In this second part, The Linear Expenditure
System is mentioned, in the third part comprises the data section, in the fourth part estimation results
are given and the last section is composed of conclusion section.
2. THE LINEAR EXPENDITURE SYSTEM
In production and consumer theory the mostly used production function and utility function is
presumably the one due to Cobb and Douglas (1928). A major shortcoming of the Cobb-Douglas
utility function is that preferences are homothetic implying unitary expenditure elasticities so that
Engel curves are straight lines through the origin.
In the theory of household behavior in a series of articles: Klein and Rubin (1948-1949), Samuelson
(1948), Geary (1949-1950) and Stone (1954). Klein and Rubin developed the LES as the most general
linear formulation in prices and income satisfying homogeneity, the budget constraint, and Slutsky
symmetry. This function is known as the Stone-Geary utility function and the ensuing demand model
as the Linear Expenditure System (LES).
If the basic model is written for each commodity, the following equations might be obtained. The
Linear Expenditure System is the most frequently used system in empirical analysis of demand. If the
equations are to be used for estimations, solely short-term estimations can be made.
The LES model general form is as follows;
m

pi q i

pi

i

i

w

pj

j

, i 1, 2,..., m

j 1

Where;
m = no. of commodities
pi = price of ith commodity
qi = is the commodity of ith commodity
w= total expenditure
i

= are interpreted as subsistence consumption levels of ith commodity

Advantages:
1. expresses qi as a linear function of real total expenditure x/pi and of relative prices pj=pi,
2. is the only demand system that satisfies all the theoretical restrictions.
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Regarding with demand elasticities are calculated as follows:
Marginal budget share of i commodity:
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3. THE DATA
As known, TurkStat has launched a continuous survey application in 2002. The essential changes in
definition and concepts of the survey arise in 2002 survey which is the first survey after 1994. The
series continued in later years, hasn't include significant changes. The name of the survey was changed
as “Household Budget Survey (HBS)” since 2002 whereas it was “Household Income and
Consumption Expenditure Survey (HICES)” in 1994. The level of estimation was Turkey, urban and
rural areas, 7 geographical regions and 19 independent provinces in 1994 HICES whereas, it was
changed as Turkey, urban and rural settlements in 2002, 2004-2007 HBS, and Turkey, urban and rural
areas, Classification of Statistical Regional Units Level 1 and urban/rural area distinction for each
Level 1 and Level 2 in 2003 HBS. It was included 10 expenditure groups in 1994 HICES and 12
expenditure groups beginning from 2002 HBS (Turkstat, 2013).
The consumption expenditure values of the households per month are listed from the least amount to
the most amount within the month, the households were divided in five equal parts and quintiles were
formed and share of expenditure of each group was calculated. Since the quintiles are formed
separately for urban and rural settlements, values for Turkey can not be obtained from the total of the
urban and rural values. It is also caused by the fact that each level of settlement was listed
independently; the household quintiles were formed and sub features within these groups were
calculated separately (Turkstat, 2013).
The HBS data between 2002 and 2011, the method of which is given above by the Turkstat were used
in this study. This survey data were organized and changed with relevant to the researcher’s aim and
objective.
Household Income and Consumption Expenditures Survey of between 2002 and 2011 were obtained
from Turkish Statistical Institute. In the data relevant between 2002 and 2011, general sum of total
monthly consumption expenditures and expenditure values regarding food group was taken.
12 month-consumer prices index figures were used from the TurkStat’s Price Statistics database. Price
indexes belong to food group was used. After that price data were converted into real price values.
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The data set created for study use was distributed by food group. Moreover, the data which were
regions in the cross section and 10 year-observations of 2002 and 2011 in the time section were
combined.
4. ESTIMATION RESULTS
The estimation of model parameters was calculated by The Ordinary Least Squares method.
Estimation of the model was made by using Eviews 7 econometrics package program. The data
relevant to the food group which take place in the Household Budget Survey of between 2002 and
2011 were applied to the Linear Expenditure System.
Table 1. Linear Expenditure System Statistics, 2002-2011
R2

Income group

DW

t-Ratio

1. %20 Income group

-12.281,2

0.035331

.998

2.021

0.018

0.365

2. %20 Income group

-260.668,1

-0.032436

.999

1.804

0.521

0.455

3. %20 Income group

-582.859,1

-0.069521

.999

2.141

0.793

0.668

4. %20 Income group

-301.555,0

-0.029527

.999

2.045

0.385

0.263

5. %20 Income group

-62.737,1

0.215392

.998

2.156

0.039

0.938

The regression results are reported in Table 1. The results of these equations seem to have a fit by all
standards and expectations. The coefficients and determination coefficient have correct signs. The
negative intercepts emphasize the inadequate availability that is the existing very low base of
consumption of these items which identifies them as superior goods (Table 1).
In Table 1, calculated R2 and DW values of the Linear Expenditure System are given. While the
lowest R2 value %99.8 was in the first and in the fifth %20 income group, R2 values of the remains
%20 income groups %99.9 are the same. DW values relevant to the Linear Expenditure System are
given in Table 1. For 10 observations at 5% level and one explanatory variable taken out of DurbinWatson table, dL = 0.879 and du = 1.320. When the DW values are considered, between first and fifth
%20 groups, we can’t reject null hypothesis or alternative hypothesis because there aren’t any positive
or negative autocorrelations in this range (Table 1).
Marginal budget share, income and price elasticities values with relevant to food group for the Linear
Expenditure System is calculated for estimated parameter values that are as follows in Table 2. The
marginal buget shares explain in the expenditure elasticities of demand. If household expenditure per
capita is increased by one Turkish lira it is nearly allocated across various items as follows:
Income elasticity for food belongs to five income groups are given Table 2. According to these income
groups, income elasticity of food doesn’t exceed unity. For that reason, we categorize for food as
inferior goods not luxuries or superior goods.
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Table 2. Distribution of Marginal budget share, price and expenditure elasticities for food
Income group

Marginal Budget Share (%)

Income Elasticity

Price Elasticity

1. %20 Income group

0.2963041

0.0394328

-1.588756357

2. %20 Income group

-0.2720251

-0.0292387

-2.793267432

3. %20 Income group

-0.5830391

-0.0540235

-4.611739765

4. %20 Income group

-0.2476287

-0.0200746

-2.629507423

5. %20 Income group

1.8063888

0.1186210

-2.393672344

Total

1.00

Price Elasticity (PE) can be calculated by the percent change in the quantity demanded by the percent
change in price. PE measures the responsiveness of a change in demand, after a change in price. When
the PE of a good is greater than one in absolute value, the demand is said to be elastic; it is highly
responsive to changes in price.
Goods which are elastic, tend to have some or all of the following characteristics: a. They are luxury
goods, expensive and a big % of income e.g. sports cars and holidays. b. Goods with many substitutes
and a very competitive market. Demands with an elasticity less than one in absolute value are
inelastic; the demand is weakly responsive to price changes.
Goods which are inelastic tend to have some or all of the following features: a. They have few or no
close substitutes, e.g. petrol, cigarettes. b. They are necessities and addictive. c. They cost a small % of
income or are bought infrequently. Demands with an elasticity equal to one in absolute value are unit
elastic; the demand is smoothly responsive to price changes.
According to the the Linear Expenditure System model, price elasticities are suitable for economic
theory that is values of price elasticities are negative. While food price elasticity of all %20 income
groups are elastic.
When the price elasticities of the food group for all income groups are considered, in case of 1%
increase food group in first %20 income group, this might be interpreted as demand for food group
will grow by 1,588756357%, demand for food group in second %20 income group will grow by
2,793267432%, demand for food group in third %20 income group will grow by 4,611739765%,
demand for food group in fourth %20 income group will grow by 2,629507423% and demand for food
group in fifth %20 income group will grow by 2,393672344%.
While the lowest price demand elasticity was observed 1,588756357 in first %20 income group, the
highest price demand elasticity was observed 4,611739765 in third %20 income group. In line with
this, it is possible to say that consumers are more responsive to price changes. Although third %20
income group is more sensitive to food price changes, first %20 income group is less responsive to this
food price changes. Price elasticities are calculated to be negative as expected in accordance with the
economic theory.
5. CONCLUSION
The study carries out to consumer responsiveness to changes in income and food prices. The used
methodology was based on a system approach known as Linear Expenditure System (LES).
Household Budget Survey data are used between 2002 and 2011.
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The most important findings of the study are summarized as follows:
1. The regression of these equations seem to have a fit by all standards and expectations. The
statistics and coefficient of determination have correct signs for expectations. The negative intercepts
emphasize the inadequate availability that is the existing very low base of consumption of these items
which identifies them as superior goods.
2. The marginal buget shares explain in the expenditure elasticities of demand. If household
food expenditure per capita is increased by one Turkish lira, 29.6% goes to food first %20 income
group,-27.2% goes to food second %20 income group, -58.3% goes to food third %20 income group, 24.8% goes to food fourth %20 income group and 1.81% goes to food fifth %20 income group.
3. According to the the Linear Expenditure System model, price elasticities are suitable for
economic theory that is values of price elasticities are negative and food price elasticity of all %20
income groups are elastic.
4. According to these income groups, income elasticity of food don’t exceed unity and we
categorize for food as inferior goods not luxuries or superior goods.
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Abstract
The synchronization of fertilities and births of the ewes are main elements of the reproductive
management in sheep breeding The aim of the present review is to summarize the studies during last
10 years in the area of estrus control of sheep and to do recommendations for future studies.
Key words: ewes, estrus, synchronization
1. INTRODUCTION
The main factor, determining the profit from sheep breeding, is fecundity (lamb(s) born from 1 ewe).
The synchronization of fertilities and births of the ewes are main elements of the reproductive
management in sheep breeding. Synchronization of estrus (SE) allows control and shortening of
lambing and kidding, with synchronization of weaning and uniform batching of animals to slaughter;
it also allows more efficient use of labor and animal facilities (Abecia, Forcada & Gozales-de Bulnes
2011).
The aim of the present review is to summarize the studies during last 10 years in the area of estrus
control of sheep and to do recommendations for future studies.
2. PRESENT STATUS OF STUDIES, CONCERNING ES
The methods of estrus synchronization (ES) can be classified as natural (non-hormonal) and
pharmacological (hormonal) (Tyankov et al. 2000; Wildeus 2000; Dankó 2003).
2. 1. Non-hormonal methods
Non-pharmacological methods are alternative to the conventional methods of estrus synchronization,
an important issue in today’s consumer – driven climate (Martin et al. 2004). The most popular nonpharmacological methods are: the ram effect, flushing, salt-free-salt diet, the uses of vitamins and
mineral supplements (Tyankov et al. 2000). In table 1 were summarized the studies, that were done for
the last 10 years.
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Table 1. Non-hormonal studies during last 10 years, done in Bulgaria
Methods

Treatment scheme

Salt free-salt
diet
Ram effect
Salt free-salt
diet
Ram effect
Flushing
with soybean
screening

Breed

Fertility (at
first
estrus), %

Fecundity

127,27

Salt-free- 17 days, salt diet – 9
days. The first day of the salt
diet coincided with the first day,
in which ewes contacted with
rams.

Synthetic
Population
Bulgarian
Milk

77,00%

I group – Salt-free (10 days) –
salt diet (7 days)+ acute flushing
(n=23, BCS= 3.09),

Ile de
France

I – 86,95
II – 76,19

year

&

– 200

III - 156

III – 85,18

II group – acute flushing (n=21,
BCS=3.18),

Authors,

Metodiev,
Raicheva
& Ralchev
2009
Metodiev,
Todorov &
Raicheva
2010

Control – no flushing (n=27,
BCS=3.39).
The acute flushing of ewes from
I and II group was consisted in
supplement of 300 g crisp
soybean screenings in addition
to concentrated mix (200g daily)
with duration of 10 days before
the onset of the breeding
campaign.
Salt regimen was started 2 days
before ram introduction.

Static,
dynamic and
acute effect
feeding
Ram effect

I BCS -3.95 – static, feed only
conc. mix 300g

Caucasian

II BCS 3.20 – dynamic, 20
before and 15 after ram
introduction supplement feeding
with 200 sunflower meal
addinitionaly to conc. mix
(200g)

I – 86,02

I – 110,53

II – 85,82

II – 116,1

III – 95,14

III – 129,01

IV – 80,0

IV – 105,71

Staikova et
al. 2010,
2011

* no info if
it was from
first estrus

III BCS – 3.47– acute flushing
with 300g sunflower meal +
conc. mix (300g)(5 days)
between 1-15 of estrus cycle,
synchronized with the ram effect
IV BCS – 3.32. control. feed
only conc. mix 300g.

Ram effect
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Milk

after
beginnings
of matings

Ram effect

Analysis of whole flock in 3
consecutive years (2006 -2008)

West
Balkan
Mountain
sheep

67.1- 71.3
% between
days 16-28
after
beginnings
of matings

No info

Nedelkov
et al. 2011

Flushing
from 9-th to
14-th day of
the estrus
cycle,
synchronized
by the ram
effect

Two groups:

Middle
Balkan
Mountain

No info

124.1% for
exp. Group
vs. 107.7%
of control

Nedelkov
et al. 2012

Salt free-salt
diet

Experimental group - 16 days
salt free diet

Synthetic
Population
Bulgarian
Milk

No info

131.9% control vs.
125.7
experimental

Nedelkov
and
Todorov
2012

Tsigai

No info

123.5% (exp.
Gr) vs.
126.7%

Karakachan

No info

140.8%

Nedelkov ,
Todorv &
Vasilev
2012

Experimental – flushed 500 g
sunflower expeller
Control – no flushing

2 days before and 4 days after
the ram introduction – salt diet

sheep

Control
Salt-free –
salt diet

Series of 3 experiments with 3
flocks
I (Tsigai) and II experiment
(Karakachan) Experimental
group – salt free diet - 15 days, 2
days before and 3 days after the
ram introduction – salt diet
Control
III experiment (SPBM)
Experimental group – salt free
diet – 10days, 2 days before and
3 days after the ram introduction
– salt diet

(control) vs.
128.6 %
(exp. Gr.)
Synthetic
Population
Bulgarian
Milk

No info

110.1% (exp.
Gr) vs. 106.9
%
(control)

2.1.1. Ram effect
The reproductive response of anestrous ewes to the introduction of rams (i.e. ram effect) is well known
and there are a lot of studies about it. In Bulgaria, there are two experiments, where only ram effect
was applied (Todorov et al. 2011, Nedelkov et al. 2011) (Table 1). Also, there are few experiments
with combined treatments with other non-hormonal methods (Table 1). All of the experiments
confirmed the ram effect in Bulgarian conditions.

49

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

ISSN 1314-8591 Published at: http://www.scientific-publications.net
2.1.2. Flushing
According Forcada and Abecia (2006), the flushing has less effect to sexual activity, rather than
ovulation rate. There are three exact experiments, with different sources of flushing (soybean crisp
(Metodiev et al. 2010, sunflower meal, Staikova et al. 2011, sunflower expeller, Nedelkov et al. 2012)
(table 1), which showed the effect of flushing ob fecundity (table 1). These experiments are good basis
for future experiments about flushing. It must be tested other different sources with high percentage of
crude protein for flushing, for example rapeseed meal, dried grain distillery residues and etc.
2.1.3. Salt-free – salt diet
The method of salt-free- salt diet has applied traditionally in Bulgaria. The traditional use of the saltfree-salt diet is in next scheme: beginning with salt-free diet with continuance of 6 or 7 days, and then
salt diet followed as it continued the same days with dose of salt (NaCl) 15-20 g per ewe per day
(Solomonov 1977; Tsolov et al. 2000; Hristova 2007). The effect of salt-free-salt diet is 40-50% of
ewes come in estrus at first week from starting the breeding campaign. For the last five years series of
experiments were done with the aim to test the effect of diet and the obtained results were
contradictory.
Metodiev, Raicheva & Ralchev (2009) (Table 1) studied the effect of combined treatment of the salt
free-salt diet and ram effect on main reproductive traits of ewes in different ages from the Synthetic
Population Bulgarian Milk at the beginning of breeding season. The experiment was carried out with
107 ewes (in that number 26 maidens). Salt-free-salt diet was applied by the next scheme: first was
salt-free diet, which continued 17 days. After that the ewes were put in salt conditions during 9 days
(the salt licks were returned and in the concentrated forage was put salt (NaCl) in dose 20 g per ewe
per day). The first day of salt diet coincided with the first day, in which ewes contacted with rams. Up
to the beginning of the breeding campaign, the rams were raised apart from ewes, in neighbor barn in
the distance of 15 m. The ewes in estrus were detected by teasers once daily (1 teaser for 50 ewes)
during 29 days. The ewes in estrus were inseminated according breeding plan artificially, vaginocervically, with non-diluted semen. 89,70% of the ewes were manifested estrus in the framework of 20
days as it was observed 2 surges – between day 1 and day 9 and between day 15 and day 20, after the
beginning the breeding campaign. The first surge coincided with the second silent ovulation that is
consequence of the ram effect. But this ovulation wasn’t silent, which was confirmed by the
manifested estrus and the high percentage of fertility. These results could be explained as a result of
the ram effect and salt-free-salt diet and their synergic effect. The general fertility (at first estrus) of
the flock was 77,00% and the fecundity was 127,27%.
In another our experiment (Metodiev, Todorov & Raicheva 2010), we studied the presence of sexual
activity of ewes from Ile de France breed during the spring and the effect of different schemes of nonhormonal treatments for synchronization of fertilities and increasing litter size. The salt-free-salt diet
of the first group was conducted parallel to acute flushing by the next scheme: 10 days salt-free
regimen, following by 7 days salt regimen (20 g salt per ewe per day) and free access to the salt-licks.
Salt regimen was started 2 days before ram introduction. The rams were isolated from the ewes till the
beginning of the breeding campaign.
The distribution of estrus was presented in table 2. The fertility at first estrus was 86,95 for first group,
76,19 for second and 85,18 for third group. It was established a significant effect of flushing with
soybean screenings on litter size (F=5,47*, P<0,05). It was obtained a significantly higher litter size
for the ewes that were flushed (200%) in comparison to controls (156%) (P<0,05).

50

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

ISSN 1314-8591 Published at: http://www.scientific-publications.net
Table 2. Number of the ewes from groups, with manifested estrus for the first time and distributed by
10-th –days Metodiev, Todorov &Raicheva 2010.
First 10-th days

Second 10-th
days

Third 10-th days

Forth 10-th
days

n

%

n

%

n

%

n

%

Salt-free salt diet + acute
flushing(n=23)

10

43.47

8

34.78

4

17.39

1

4.34

Acute flushing (n=21)

6

28.57

8

38.09

7

33.33

0

6

22.22

14

51.85

6

22.22

1

Control (n= 27)

3.70

On the opposite site were the experiments of Nedelkov & Todorov 2012 and Nedelkov et al. 2012,
who ignored effect salt-free - salt diet and said there was no effect. In our opinion the experiments,
especially of Neldelkov & Todorov 2012, were wrong developed. The authors, Neldelkov & Todorov
2012, didn’t study how the estrus was manifested and they made conclusion for manifestation of estrus
by lambing. In other series of their experiments, they did not practice, traditional scheme of the diet
(see above). Also they did ultrasound and hormonal assay, but there were not statistical differences.
2.2. Hormonal methods
Three kinds of hormonal methods for estrus synchronization of the ewes are used in practice: by
retention of ovulation and prolonging of life of corpus luteum or these methods are based on activity
of progesterone or its synthetic analogues called progestagens; by luteolysis with prostaglandin F2
(PG F2 ) or its synthetic analogues; by using of melatonin for inducing estrus in anoestrus ewes.
2.2.1. Methods, based on progestagens
The traditional progestagen treatments for ES in small ruminants are with intravaginal sponges
impregnated with progestagen (flurogestone acetate FGA or medroxyprogesterone acetate MGA)
inserted over periods of 9 to 19 days and used in conjunction with PMSG, particularly for out-ofseason breeding, injected at the time of sponge removal or 48 hours prior to sponge removal. (Wildeus
2000). Long-term progestagen treatments effectively synchronized estrus, but with variable fertility
(Menchaca & Rubianes 2004). For the last 15 years an alternative methods for ES in small ruminants,
named short-term progestagen treatment (consisting of 5-7 days progestogen priming) were developed
(review, Menchaca & Rubianes 2004).
In this topic are the most of the studies. In table 3 were summarised the studies and applied schemes
for the last 10 years.
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Table 3. Progestagen treatment experiments, during last 10 years, done in Bulgaria
Fertility
(at first
estrus),
%

Fecundity

46,29

117,0%

Beginning of
estrus, after
removal of
progestagen
device, hours

Breed

1/3 Crestar (Intervet, Holland, 1
mg norgetsomed) for 12
days+600 UI PMSG (Folligon,
Intervet)

37,68

Ile de France

1/3 Crestar (Intervet, Holland 1
mg norgetsomed) for 12
days+700 UI PMSG (Folligon,
Intervet)

37,06

62,5

Sponge Chronogest (Intervet,
Holland 30 mg Cronolon) for 14
days + 600 UI PMSG (Folligon,
Intervet)

46,32

45,45

140,0%

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 300 UI PMSG (Folligon,
Intervet

43,35

76,0

128,0

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 500 UI PMSG (Folligon,
Intervet

45,02

50,0

55,0

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 600 UI PMSG (Folligon,
Intervet

46,37

54,0

45,0

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 700 UI PMSG (Folligon,
Intervet

35,05

62,0

62,0

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 300 UI PMSG (Folligon,
Intervet ( nuliparous )

No info

35,0

157,1

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 500 UI PMSG (Folligon,
Intervet (nuliparous)

77,0

145,0

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 300 UI PMSG (Folligon,
Intervet (multiparous)

27,0

142,8

Treatment scheme
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Bonev et al.
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Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 400 UI PMSG (Folligon,
Intervet (multiparous

45,0

133,33

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 14
days + 500 UI PMSG (Folligon,
Intervet (multiparous

41,0

152,0

No info

147,5

Sponge Chronogest (Intervet,
Holland 30 mg Cronolon) for 14
days + 300 UI PMSG (Folligon,
Intervet

No info

Tracian fine
wool

Sponge Chronogest (Intervet,
Holland 30 mg Cronolon) for 14
days + 500 UI PMSG (Folligon,
Intervet

150,0

Sponge Chronogest (Intervet,
Holland 30 mg Cronolon) for 14
days + 700 UI PMSG (Folligon,
Intervet

180,6

43

133,3

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 12
days + 400 UI PMSG (Folligon,
Intervet

57

175,0

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 12
days + 500 UI PMSG (Folligon,
Intervet

71

140,0

28,6

100

71,42

140

66,7

116,6

50,0

66,6

Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 12
days + 300 UI PMSG (Folligon,
Intervet

Sponge synchro part ( Ceva Sante
Anemale, 30 mg FGA) for 6 days
+ PMSG (Folligon, Intervet) 1012 UI/ kg live weight

Tsigai

Karakachan

Sponge synchro part ( Ceva Sante
Anemale, 30 mg FGA) for 12
days + PMSG (Folligon, Intervet)
10-12 UI/ kg live weight
Sponge Chronogest (Intervet,
Holland 40 mg Cronolon) for 12
days + 500 UI PMSG (Folligon,
Intervet) PMSG injected 48
before sponge removal
Sponge Chronogest (Intervet,
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Hristova
2005**

Maslev,
Hristova &
Stoycheva
2010*

Hristova et
al. 2011**
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Holland 40 mg Cronolon) for 12
days + 500 UI PMSG (Folligon,
Intervet) PMSG injected at the
sponge removal
125 g cloprostenol (Oestrofan
®, BIOVETA, Czeck Republic )
at sponge insetation, sponge
Synchro part ( Ceva Sante
Anemale, 30 mg FGA) for 6 days
+ 250 UIPMSG (Ceva Sante
Anemale) at sponge removal

51,27

Sponge Synchro part ( Ceva
Sante Anemale, 30 mg FGA) for
6 days + 250 UIPMSG (Ceva
Sante Anemale) at sponge
removal

57,82

Sponge Synchro part ( Ceva
Sante Anemale, 30 mg FGA) for
12 days + 250 UIPMSG (Ceva
Sante Anemale) at sponge
removal

40,8

Sponge Synchro part ( Ceva
Sante Anemale, 30 mg FGA) for
12 days + 250 UIPMSG (Ceva
Sante Anemale) 48 before sponge
removal

38,67

Ile de France

Ile de France

63,64

142,0

45,45

140,0

40,0

150,0

55,56

120,0

Metodiev &
Raicheva
2011

Ralchev,
Metodiev &
Raicheva
2012,
unpublished
data

Note. * This fecundity isn’t exact, because it didn’t represent number of born ewes from 1 fertilized
ewes ** this fecundity was calculated from author of review, according to data of investigating
author(s).
2.2.2. Methods, based on use of PGF2 or its analogues
The use of PGF2 has become more important as a consequence of the restriction in the use of
progestogens in animal production in the USA and the EU (Menchaca and Rubianes 2004). The
traditional schemes for estrus synchronization with PGF2 or its analogues consist of two doses
separated by 9 to 14 days ( Menchaca & Rubianes 2004; Abecia, Forcada & Gozales-de Bulnes 2011)
and were based on the refractoriness of young corpus luteum (till 5-th day after ovulation) to lysis
from PGF2 . In a recent work Rubianes et al. 2003 demonstrated that such refractoriness might be
restricted to the first two days after ovulation and the authors have proposed new scheme Sychrovine™, which shortens the interval between two PGF2 doses to only seven days.
The studies that use prostaglandins for ES are scarce. There are only two investigations of Metodiev,
Raicheva & Ralchev (2012) and Metodiev (2013, unpublished data). The authors evaluate scheme
Sychrovine™ and to compare it to the applied tradition protocol for synchronization of estrus and
fertilities of Ile de France ewes (Metodiev, Raicheva & Ralchev 2012) and ewes from SPBM
(Metodiev 2013).
At Ile de France ewes, authors reported, that the effect of ES after application of the protocols with
synthetic analogue (alfaprostolum) of PGF2 was better to traditional scheme in 9-th day interval
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(76,92%) in comparison scheme Sychrovine™ (65,38%).For both groups, the established fertility was
similar - 56,25% for I group and 55,0% for II group. The established fecundity of both groups was
higher - 177,78 % for I group and 163,64% for II group, which showed that that the treatment didn’t
influenced on fecundity.
In the other study, the same experimental treatments with ewes from Synthetic Population Bulgarian
Milk were done and results for ES were better – 90,91% synchronization for protocol Sychrovine™
compared to 90, 0% for traditional scheme in 9 days interval and fertility was 60.0% for the
Sychrovine™ vs. 66,66% for the traditional scheme in 9 days interval.
2.2.3. Methods that use melatonin for inducing estrus in anoestrus ewes
Also, there are few studies (3) in Bulgaria about this method. Bonev (2008) treated North Bulgarian
fine wool ewes and milk crosses ewes from June 1st for 40 days and the estrous season started after 20
days of rams’ introduction. The peak of estrous behavior was on day 24 for fine wool ewes and on
days 28, 31, 34 and 43 after rams’ introduction. The same experiment, Bonev & Yotov (2008) did
with ewes from Ile de France breed during June. The authors reported, that fertilites were shortened
for 36 days and the percentage of fertility after first estrus was high – 71%. In another study (Bonev
2012) were investigated the effects of administering melatonin alone on reproductive performance and
inducing estrus. The melatonin implants improved the fertility in the ewes when inserted in spring
(March-April) - (Pleven Blackhead x Awassi -94,5%; Awassi – 93,26%; Ile de France – 91,42% ).
The author concluded, that the response of ewes to melatonin treatment may vary according to breed
season, and the latitude where the study was conducted. Exogenous melatonin treatment could
improve ovulation rate in ewes. The result in the present study showed that melatonin micro- implants
treatment in pure Awassi breed did not affect litter size.
3. RECOMMENDATIONS
The perspectives for future studies are good. There are few questions that need their answers.
First is to analyze the character of sexual-cyclic activity of the breeds, raised in Bulgaria. There were
few investigations in the past (during 1980s) for breeds North East fine wool, Plevenska Blackhead,
Tsigai, Corridale and Il de France (Kynchev, Baichev & Kacheva 2010). But the climate conditions
are changing, and also new breeds become leader for breeding.
The second is salt free –slat diet. It is obligatory to researchers on field of sheep reproduction to do
exact experiments to solve the problem. Up to know there are not satisfied conclusions to accept or
reject the salt-free – salt diet.
Also have to find alternative resources for flushing and to make schemes to flushing in field
conditions.
Next problem that is needed to solve is hormonal synchronization. More investigations are needed
about prostaglandin and melatonin methods.
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STUDY OF THE DISTRIBUTION OF METALS IN MUSCLE TISSUE OF BROOK CHARR
AND BROOK TROUT FROM THE TROUT STREAM
Milena Bušová
Department of Biochemistry, Chemistry and Biophysics, University of Veterinary and Pharmaceutical
Sciences Brno, Str. Palackého 1/3, 612 42 Brno, Czech Republic

Abstract
Breeding salmonid fishes is in the Czech Republic widespread in areas with mountain climatic
conditions. Our study is focused on the metals Cd, Pb and Hg in muscle of brook charr (Salvelinus
fontinalis) from the fish breeding in location of the upper trout stream of the Králický potok. The area
is located above the urban agglomeration and industrial premises, where we did not anticipate any
ecological burden of contaminating metals. The results are compared with the contents of metals in
muscle of the naturally occurring brook trout (Salmo trutta m. fario L.) from the lower part of the
same stream from the site of under the industrial complex and urban agglomeration. The results of the
metal content in fish muscle from both locations are compared with the hygienic limit valid in the
Czech Republic.
The average values of all the analyzed metals in muscle of the brook charr did not exceed the hygienic
limits for these metals (Cd < 0.003 mg/kg, Pb = 0.063 mg/kg, Hg= 0.283 mg/kg ± ). In three samples
of the brook charr the limit was exceeded for mercury (Hg 1.21 mg/kg). In the muscle of brown trout,
the average concentrations of all analyzed metals complied to the hygienic limits (Cd < 0.003 mg/kg,
Pb = 0.14 mg/kg, Hg = 0.19 mg/kg ± ). In none of the sample was the limit for metals exceeded, only
in one case, Pb from location L2. Higher found values for mercury in the brook charr may be related
to the earlier environmental burden, other character of the locality and higher age of the fish.
Key words: fish muscle tissue, heavy metals, cadmium Cd, lead Pb, mercury Hg, stream
1. INTRODUCTION
Contamination of water by heavy metals is one of the serious problems of water flows in areas with
anthropogenic sources of these contaminants. Character of the stream, its location, topography and
terrain elevation difference from the source area to the confluence and also the presence of
contamination sources, their nature and location on the basin are significant factors affecting the level
of contamination of the streams. Metals are getting into the aquatic environment mainly through the
contaminated wastewater from industrial production. In addition, to contamination of flows also
partially contributes dust fallout in areas of high population density and a high frequency of
automobile traffic. From the contaminated water the metals are getting into the aquatic organisms in
the form of simple or complex ions and compounds. Metals can sorb at the water sediments and
through small aquatic animals enter the food chain (Spurný et al 2002, Svobodová et al, 2002, Kiurski
et al, 2010). They may accumulate in some tissues and organs of fish and aquatic organisms . If the
input of the contaminant metals does not stop significantly and the fish stays in the contaminated
aquatic environments for a longer period of time, the metals accumulate in the organs and tissues,
which may induce significant changes in the organs leading even to health disturbance. Most metals
are bound with amino acids and -SH groups of proteins and can thus act as enzyme poisons. The
negative feature is the ability of accumulation in tissues and organs (Yilmaz, 2006).
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Fish living longer time in contaminated aquatic environment need not show signs of intoxication and
yet their organs or muscle may contain toxic metals in concentrations above the limit. The risk of
eating fish from such an environment is there especially for lovers of sport and recreational fisheries.
Their catches are not subject to hygiene controls. The contaminants can thus get to the human body
through fish as food. Some metals are at low concentrations required for proper functioning of the
organs and metabolic processes. In higher concentrations, however, they can cause serious disorders,
particularly if their supply to the organism is repeated. Some metals are even associated with the
development and carcinogenesis. With regard to the hazardous effects of some metals to aquatic
organisms and humans there are set limits on their concentrations in fish for consumption. The limits
are given in Czech Republic by the Commission regulation (EC) No. 1881/2006 for muscle of
freshwater fish (EC Commission Regulation, 2006).
Due to possible accumulation of toxic metals in fish, it is important to monitor the quality of water
streams and reservoirs and monitor the quality of fish muscle in terms of toxic metals content.
For the actual study was selected the basin of Králický stream, which is located in the piedmont region
of northern Moravia and flows into the Tichá Orlice river. By this area also passes through one of the
main European watershed of the Black Sea and the North Sea. In this area also rises the significant
flow of the Morava river. The Králický stream rises in the forest at an altitude of 665 m above sea
level below the the Veselka peak. After passing the town it takes on several tributaries. In the middle
of the stream between the source and the confluence with the Tichá Orlice is located a former factory
building on the urban territory, which is presumed to be contaminated with mercury and other metals
from the industrial production.
Cadmium (Cd) is regarded as one of the most serious environmental contaminants of all heavy metals.
Due to its effects on living organisms, their metabolism and particularly because of the potential
carcinogenity and teratogenicity, the use of cadmium is in many countries completely prohibited. A
serious problem is the input path of cadmium into the food chain. In addition to wastewater from
industrial production, this metal is emitted into the air and via the dust fallout it gets into the soil,
water and sediments of water reservoirs and streams (Bušová & elechovská, 2013). Cadmium is
capable of accumulating in biomass and reservoir sediments in a considerably high concentration. In
water it occurs together with zinc and other metals that are usually found obviously in lower
concentrations. Like zinc, cadmium is toxic to aquatic organisms, zooplankton and fish already at a
concentration of units to tens of µg/l (Pitter, 2009).
For toxic effects in the organism is important the transfer of toxic metals into the food chain. One of
the input paths of cadmium into the food chain may be fish and other aquatic animals from
contaminated aquatic environment.
Toxicity of Cd after entering the organism is related to its carcinogenic effects. In the experimental
conditions were demonstrated direct effects of cadmium in connection with the deregulation of cell
growth and negative influence of cadmium on apoptosis of cells (Hartwig, 2010). Effects of cadmium
are associated with disruption of nucleotide excision repair, base excision repair and mismatch repair.
Cadmium can stimulate cell proliferation, inactivate negative growth stimuli and such as p53 (the
tumor supressor protein) and can cause preventing the process of apoptosis (Hartwig,2012)). These
multiple mechanisms can lead to higher degree of genomic instability, tumor initiation and later in
tumor development (Hartwig 2010, Hiroshi et al, 2002).
Besides that, cadmium has also other adverse health effects. Dietary cadmium exposure has a
demonstrable impact on the risk of osteoporosis, bone demineralization, decreased bone mineral
density and increased fracture risk in a population of women (Engström et al, 2012).
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In a number of other studies were shown the effects of toxic metals including Cd interaction with
protein p53 with DNA in vitro and in vivo experiments. Inhibition of bind were demonstrated for all
tested metals (cadmium, zinc, nickel) in this experiment (Brázdová et al 2012).
Although the main source of cadmium in the diet are mainly vegetables and cereals (bread, root
vegetables and potatoes), fish can be a significant source of risk not only in terms of cadmium, but
also other toxic metals.
In connection with a high degree of expansion of industrial production and widespread use of mercury
(Hg) in various technologies, it has infiltrated into all environmental segments. Mercury is among the
elements whose effect on the human organism is clearly negative. Mercury is - as similarly behaving
cadmium - a cumulative poison. It is excreted from the organism very slowly and with difficulty. Most
of the mercury that gets into the organism is concentrated mainly in the kidneys and to a lesser extent,
in the liver and spleen. It has been proven that mercury can remain in the kidney even for decades. In
cases of chronic mercury poisoning the kidneys are most at risk.
Mercury danger lies in its toxicological properties. Toxic effect of mercury and its compounds is
largely due to a reaction of mercuric ion with SH-groups of biomolecules with subsequent change in
permeability of cell membranes and damage of intracellular hepatic enzymes. There are significant
differences in the metabolism and toxic effects of elemental mercury and its inorganic and organic
compounds. Elemental mercury is rapidly oxidized in the organism to Hg2+, phenylmercury or
metoxyethylmercury are easily cleaved in the organism and ions of Hg2+ are released, methylmercury
may be demethylized. Inorganic mercury compounds may be methylized by the effects of the
intestinal microbial flora. The transformation of mercury forms occurs in the body unevenly quickly
and at varying degrees. Alkyl-compounds of mercury with short chain (methylmercury) are relatively
more resistant to biotransformation unlike ary-compounds of mercury, phenylmercury. From
carcinogenity is suspected methylmercury (Ml och, 2008).
A significant route of entry of mercury into the food chain may be contamination of the aquatic
environment of the seas, oceans and freshwater reservoirs. In sediments of water reservoirs the
inorganic mercury undergoes a process of methylation and in this form it can contaminate the aquatic
organisms (Cibulka, Mader & Sova, 1986). Via small aquatic organisms and plankton the mercury can
easily penetrate into fish. Through such contaminated fish it can easily get into the human organism.
In the form of methylmercury, mercury is absorbed into the blood. The liver is the organ accumulating
mercury. From methylmercury is in the liver partially released loose inorganic mercury, which is
excreted via the bile into the intestine. Only a third of mercury detained by the liver is re-excreted via
the bile into the intestine getting up to the kidneys and subsequently excreted. The remaining two
thirds of mercury are again absorbed back into the blood (Cibulka, Mader & Sova, 1986).
In the past, there has been extensive methylmercury poisoning in Minamata region in Japan. The
source was the fish from waters contaminated by waste from industrial production (Urban, 2006).
Together with mercury and cadmium, it is also lead (Pb), that contributes to contamination of the
environment. Although, lead poisoning from the food is exceptional, its health effects are undesirable.
It occurs as a supporting element for the contamination of the environment with cadmium and
mercury, although at lower concentrations. Its occurrence in food is under 1mg/kg. Lead poisoning
mainly occurs in connection with occupational exposure, which may result in health consequences in
the form of damage to the central nervous system (CNS), peripheral nerves, disorders of
hematopoiesis and impaired renal function (Koplík, 2013).
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Fish, in addition to other aquatic animals, can be an important indicator of contamination of the
aquatic environment by various xenobiotics and toxic metals.
On the quality of fish from open waters in the Czech Republic are focused monitoring studies.
According to their results it is clear that in our country and in neighbouring countries the freshwater
fish from some locations may contain in their tissues and organs heavy metals in concentrations
exceeding health limits.
Monitoring studies dealing with the distribution of metals in the river ecosystem showed slightly
increased concentrations of mercury and lead in muscle tissue of the freshwater chub (Leuciscus
cephalus); increased concentrations of cadmium and lead occurred in the skin of the fish (Spurný et al,
2002). Strá ai and Andreji (2007) observed contents of heavy metals in tissues of different species of
fish in the river Nitra. There were interspecific differences in the content of cadmium and lead in fish
muscle. Only 11.5% of the analysed muscle samples did not exceed the hygienic limits for cadmium
valid in the Czech Republic Cd = 0.050 mg/kg (EC Commission Regulation, 2006). Most of cadmium
was present in the muscle of the common carp (Cyprinus carpio, L., 1758) and the silver crucian carp
(Carassius gibelio), the least in the European catfish (Silurus glanis). In comparison with this finding,
the results of analyses of fish from the Danube river show a balanced concentration of cadmium in the
muscle of predatory and non-predatory fish species (Strá ai et Andreji, 1999). The study results of the
common carp from ponds in the Czech Republic confirmed that the concentration of cadmium was in
all the samples of muscle below the limit. Multiple increase in the concentration of cadmium,
however, was found in the kidneys of these fish ( elechovská et al, 2007). A number of other studies
confirm the presence of heavy metals in organs and muscle tissue of fish from different locations from
free water as well as from the breeding reservoirs. According to the study (Svobodová et al, 2002), the
Cd content in common carp from selected ponds in southern and western Bohemia ranged in all
muscle samples below the hygienic limit; in liver the values were higher, however, the limit (set out
just for muscle) was not exceeded. According to this study, the highest concentration of cadmium was
found in kidneys.
With the demand for higher fish consumption, which in the Czech Republic is still under the values
recommended by the WHO, the attention is focused on the production of quality fish and compliance
with the hygiene standards in fish and fish products. According to the Commission Regulation (EC)
No. 1881/2006 (2006) is for freshwater fish muscle meat set limit for Cd 0.050 mg/kg, Pb 0.30 mg/kg
and 0.50 mg Hg/kg.
Due to the negative effects and toxicological properties of these toxic metals and cumulative nature of
cadmium (Cd), lead (Pb) and mercury (Hg) in organs and the way of persistence in the human body
associated with the more difficult detoxifying pathways and in particular on the potential risk of
carcinogenesis, our study was focused on the content of these metals in fish muscle from the natural
environment.
2. MATERIAL AND METHODS
For this study were selected basin Králický stream. Králický stream is considered one of the smaller
streams, the catchment area is 10,260 km2, the flow length 5 km. It is an important right-side tributary
of the Tichá Orlice river. N-yearly flow parameters of the Tichá Orlice river on the Lichkov profile
are: Q1 = 16.8 m3/s, Q100 = 102.0 m3/s. After passing the town, the Králický stream takes on several
tributaries. In the middle of the stream between the source and the confluence with the Tichá Orlice is
located a former factory building on the urban territory, where is presumed environmental
contamination of the surrounding area by mercury, cadmium and other metals from the industrial
production - Figure l.
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Fig. 1. Czech Republic – hydrologic map
In the autumn on the Králický stream was carried out a catch of fish of the Salmonidae family. The
first location L1 was chosen over an urban agglomeration in the natural environment without point
sources of municipal and industrial pollution.
At this location is on the stream flow creation of a small flow through pond with an established
breeding of brook charr (Salvelinus fontinalis). Fish take natural food and are fed with granulated feed.
The fish fry comes from their own livestock and the fish lives from the beginning stage spawn to their
market size in the same aquatic environment.
The second location L2 was chosen below an urban agglomeration in the bottom of the stream after
flowing through the area with industrial production – Figure 2. The city has a sewage treatment plant.

Fig. 2 Overview of investigated localities on Králický stream
In the first location L1 were caught a total of 12 pieces of brook charr (weight 204,15 ± 48,23 g).
From the second site L2 were caught here naturally occurring fish species brook trout (Salmo trutta m.
fario, L.1758) at the number of 10 pieces of (weight 97,15± 32,62 g). Of all the caught fish was after
killing taken samples of dorsal muscle, put under ice and after transportation to the laboratory were
frozen at - 28 °C until the analysis. The muscle was weighed, homogenized, and mineralised by
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boiling in concentrated nitric acid (HNO3). Measuring the concentration of Cd and Pb was performed
by the AAS method (atomic absorption spectrometry) on the Spectra AA-220FS device (Varian).
Calibration and standardization of the method was performed using standard Astasol materials and
Merck chemicals. The resulting concentrations of analysed metals were after conversion expressed in
mg/kg of the wet muscle tissue. Measuring the concentration of Hg was performed on the mercury
analyser AMA-254. The resulting concentrations were expressed after conversion v mg/kg of the wet
muscle tissue.
3. RESULTS AND DISCUSSION
All samples of brook charr from the site L1 and brown trout from L2 under the city were analysed for
the content of Cd, Hg and Pb in the dorsal muscle. The results of the analysis of metals in fish from
the mountain stream of Králický stream are listed (Tab. 1.)

Table 1. Results of analysis of muscle tissue samples from location L1 a L2
Location - fish

weight of fish±SD
(g)

Ø Cd (mg/kg) ±SD

Ø Pb (mg/kg) ±SD

Ø Hg (mg/kg) ±SD

L1 - Brook charr

97,150±32,62

DL

0,0621±0,0264

0,2825±0,3149

L2 - Brook trout

204,015±68,50

0,0023±0,0018

0,1425±0,2415

0,1920±0,0686

Hygienic limit

--

0,05

0,30

0,50

Note: Ø concentration of metals in mg/kg of wet material , DL – concentration below the detection
limit
SD = standard deviation
3.1 Evaluation of cadmium
The average concentration of Cd in all muscle samples of the brook charr from the site L1 was below
the limit of the method quantification, Cd <0.003 mg/kg of muscle. The concentration of Cd in
rainbow trout from the site L2 was in case of half of the fish samples (5 samples) below the limit of
the method quantification (Cd < 0.003 mg/kg of muscle), in the remaining 5 samples of rainbow trout
the concentration of Cd was = 0.004 mg/kg.
3.2Evaluation of lead
For both species were set concentrations of Pb in muscle. The average concentration of Pb in brook
charr from the L1 site was Pb = 0.0621 mg/kg ± 0,0264 , in brook trout from the site L2 Pb = 0.1425
mg/kg ±0,2415. Of the total of 12 samples from L1 the hygiene limit was not exceeded in any of the
samples. In L2, the majority of samples was deeply below the limit, of the total of 10 samples
exceeded the limit only 1 muscle sample (Pb = 1.1 mg/kg).
3.3 Evaluation of mercury
Mercury was found in the muscle of brook charr from locations L1 at an average concentration of
0.2825 mg/kg ± 0,3149. In 3 charr samples from locations L1 the concentrations exceeded the
hygienic limit (Hg <1.21 mg/kg); the other samples from this site were safely below the limit. In
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contrast to this finding, the average concentration of Hg in muscle of brook trout from the site L2
placed under the urban agglomeration was found lower, Hg = 0.1920 mg/kg ± 0,0686. In the muscle of
this fish the hygienic limit for mercury was not exceeded in any of the analysed samples.
Graphical evaluation of the analyses compared with the hygienic limit in force in the Czech Republic
is given (Fig. 3, Fig. 4 and Fig. 5).
Hygienic limit - Commission Regulation (EC) No. 1881/2006 (2006) is for freshwater fish muscle
meat set limit for Cd 0.050 mg/kg, Pb 0.30 mg/kg and Hg 0.50 mg /kg.

Concentration of Cd
L1 * L2
0,0036
0,0034
0,0032
0,0030
0,0028
0,0026
0,0024
0,0022
0,0020
0,0018
0,0016
0,0014
0,0012
0,0010
0,0008
0,0006

L1

L2

Average
Average ± Sd
Average ± 1,96 * Sd

Fig 3. Concentration of Cd in muscle in mg/kg of wet material. L1, L2 – location.
Hygienic limit: Cd = 0,05 mg/kg of wet material.
After comparing the results of our analyses from locations L1 and L2 were found higher
concentrations of mercury in muscle tissue of brook charr from locations L1. When compared with
those published by other authors (Žlábek & Randák, 2007), these authors stated higher findings of
mercury in muscle tissue of predatory fish. The findings in the asp (Aspius aspius) from the Elbe
catchment area exceeded the hygienic limit (Hg = 0.896 mg/kg), the concentration in pike (Esox
lucius) was just above the limit (Hg = 0.509 mg/kg). The authors elechovská et al (2007) in a study
dealing with the distribution of metals in tissues and organs, state the highest mercury concentrations
in muscle tissue of the common carp, while in the kidneys and liver the values are in the same fish
lower. Their measured values found in the common carp from ponds in the Czech Republic are low
and comply with the hygienic limit. According to other authors (Spurný et al, 2002) the findings of
mercury in muscle tissue of freshwater chub (Leuciscus cephalus) from the Jihlava river are low and
meet the hygienic limit (Hg 0.139 mg/kg).
Our findings of mercury are contrary to expectations higher in location L1, which is situated above the
industrial area. In case of the L1 location is not expected any point source of pollution. Contamination
of fish muscle from this area could come from an earlier ecological burden of the entire area by
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industrial emissions with the use of mercury in the production technology. Through the dust fallout the
mercury could be emitted into the environment.
Difference is also in the nature of the bottom. Location L1 is a flow pond, where part of the fallout
can be accumulated in sediments. In contrast L2 location is a stream with a stony bottom.
The cadmium content in muscle tissue from location L2 were significantly higher (p< 0,05) compared
to the cadmium content in muscle tissue of fish from location L1. On the contrary, mercury content in
muscle tissue of fish from L1 were significantly higher (p< 0,05) compared to the mercury content in
muscle tissue of from L2. Insignifant difference was found between lead content in muscle tissue of
fish from both locations.
To the above findings should be also noted the differences in the age of the tested fish from both
groups. From the L1 location were caught the fish of market size at the age of 2,5 years. In contrast,
from the L2 location were caught naturally occurring brook trouts whose weight was average 97,15 ±
32,62 grams and the age of 1,5 years. It is also related with lower fish stocking density of the stream
and sporadic occurrence of brook trouts in natural conditions in these waters in recent years. This
assumption is consistent with the findings of Spurný et al (2002), whose results of mercury in fish
muscle of younger age are lower (Hg 0.078 mg/kg), than in case of older fish (Hg 0.139 mg/kg).
Brook charr mercury contamination from the complementary granulated feed is not expected, because
the used feed is intended for breeding fish and its composition including the certificate for foreign
substances is declared.
Positive effect on the water Kralicky stream can have its own wastewater treatment plants.
Our study has confirmed the results of monitoring on the Králický stream and Tichá Orlice river in the
given area, which was carried out by the Forest Management Institute (FMI), in Czech “ÚHÚL”, a
government organization established by the Ministry of Agriculture of the Czech Republic. According
to the FMI data of the metal content in fish muscle (lead, cadmium, nickel, copper, zinc, chromium
and aluminium) of fish caught in the Tichá Orlice river area and its tributary – the Králický stream –
with the exception of nickel in the muscles of the brook trout from the locality of the Tichá Orlice –
Lichkov, the valid hygienic limits for the content of hazardous elements in fish were not exceeded
(Forest Management Institute, 2007). From their results analysed in the years 1995 - 1997 implies that
the source of metals contamination of fish is not only the manufacturing facility in the town, but some
metals are found in higher concentrations even in fish from the Králický stream from the area above
the industrial area. These findings are entirely consistent with our findings in this study and
demonstrate a persistent environmental burden of the area even after 20 years.
4. CONCLUSION
Our study was located on the northern edge of our Republic to the natural area between Orlické hory
mountains and the massif Jeseníky. Near the Králický stream is located production facility which in
the past engaged in the manufacture of lamps. Production related to environmental contamination
especially by metals. Our study focused on the aspect of safety for consumers.
Compared with the original approach did not show highly significant content of metals in fish from the
site of the industrial complex and urban agglomeration. The average concentration of metals in fish
meat tissues did not exceed occupational exposure limits for freshwater fish.
Fish are an important part of our diet. In terms of food safety, it is important to protect and monitor the
quality of the environment in which the fish lives.
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Abstract
The aim of the study was to examine the quality of drinking water from sources for mass supply and
individual supply used on agricultural farms intended for primary milk production in industrially
contaminated area. Water was investigated in accordance with the requirements for drinking water.
Chemical investigation showed that limits for nitrates and chlorides were exceeded in samples from
sources for individual supply. Coliform bacteria as an indicator of faecal contamination were present
only in sources for individual supply and the limits were exceeded particularly in spring, summer and
fall. Limits for bacteria cultivated at 37oC were exceeded only in source 4 in autumn. The samples
from individual supply were the most contaminated from the bacteriological point of view. The
maximum acceptable limits for E. coli in sources for mass supply were not exceeded. The maximum
acceptable limits for EC were exceeded throughout investigations in samples from sources for
individual supply.
Keywords: drinking water, quality of sources, coliform bacteria, E. coli
1. INTRODUCTION
The most important problems to which humans have to face in this century are global climate changes
and lack of high quality drinking water. Due to anthropogenic activities we commonly find territories
where the drinking water sources are contaminated to such degree that the water from them is neither
suitable for drinking and watering of animals nor for food processing and other purposes related to our
everyday life (Sasáková 2009).
The Directive 2000/60/EC of the European Parliament and of the Council establishing a framework
for the Community action in the field of water policy (in short, the EU Water Framework Directive)
adopted in 2000, establishes legislative frame for introduction of uniform water policy in EU
countries. It is based on integrated control of water sources within drainage basins that consists in
coordination of strategic targets in sectors such as agriculture, forestry, industry and similar. It is
expected that the EU member states ensure good quality of surface and ground water by the year 2015
(Lanz, K & Scheuer 2000).
In the Slovak Republic, the EU Water Framework Directive is implemented through the Act. No.
364/2004 Coll. on water which takes into consideration also the requirements set by Council Directive
91/676/EEC of 12th December, 1991, on protection of water against contamination with nitrates from
agricultural sources. The quality of ground water is frequently reduced by intensive agriculture and
the use of nitrogen fertilizers and pesticides. In order to ensure sufficient quantity of safe drinking
water we must prevent penetration of nitrates originating from agriculture into water sources and
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eliminate all interventions and operations that could affect negatively the quality of water supplies
(Howd & Fan 2008).
Additional components that contaminate ground water are heavy metals, crude oil and its products,
carbohydrates and chlorine, particularly from point sources of contamination, such as waste dumping
grounds (Klinda 2010; Council Directive 91/676/EEC 1991).
The Regulation No. 199/2008 Coll. establishes Programme of agricultural activities in declared
vulnerable areas. These are agricultural areas where the level of nitrates in surface and ground water or
in lakes exceeds 50 mg.l-1 due to agricultural activities.
The quality of water is currently a priority with regard to general and economical point of view but
also because the quantity and quality of water is the basic factor of environmental management and
protection. The aim of protection is to prevent and eliminate such intervention and activities that can
affect adversely the quantity and quality of available water (Šimková 2004).
The plans for ensuring safety of drinking water are based on HACCP (Hazard Analyse and Critical
Control Points 2004), i.e. analysis of risk and critical control points in production premises,
particularly in food production. The plans for drinking water safety will be integrated also in water
directive which presently undergoes revision (Munka 2010). This directive will be obligatory and will
have to be implemented in the Slovak legislation before predetermined date (Cortvriend 2010). It is a
general rule that water from every source used for public supply must be treated. Water from some
ground water sources must be disinfected if intended for drinking.
Wells as sources of drinking water for individual and mass supply must comply with hygiene rules. It
is necessary to check the surroundings of wells so there are not present any sources of potential
contamination, such as septic tanks, sewage pipelines, liquid fuel tanks, animal houses, manure heaps
and similar (Klinda 2010).
Ground water is the type of water located in rock environment (Younger 2007). It is a priceless, well
available and quantitatively, qualitatively and economically most suitable source of drinking water. It
has constant temperature and usually does not require special treatment, only removal of some
minerals or ensuring the health safety, for example by chlorination. However, the number of
substances that may contaminate ground water increases which poses a risk of their penetration into
food chain (Macler & Mercle 2000).
On the basis of report of the State Geological Institute of D. Štúr (SGIDS 2006) in Bratislava,
Slovakia, about the influence of geological environment on public health according to environmental
regions up to one third of Slovak population lives in disturbed or strongly disturbed environment. This
is conditional upon high contamination of soil, natural waters, rocks and river sediments and increased
natural radioactivity in more than 10% of Slovak territory.
From the microbiological point of view, the analyses in 2010 showed that the hygiene limits most
frequently exceeded in drinking water and distribution pipelines involved Escherichia coli, coliform
bacteria, enterococci, bacteria cultivated at 22 °C and 37 °C and live organisms.
The Slovak Office of Public Health (OPH) reported in 2010 that 85.29 % of population is connecter to
public water supply. However, recently many families disconnect from public supply and use their
own wells as sources of drinking water. Due to this considerable decrease in consumption of drinking
water from public distribution was recorded (Bohus & Dugasova 2010).
All activities in primary milk production affect essentially the safety of milk and milk products
(cleaning and disinfection, rinsing). Drinking water becomes a part of products and thus its quality and
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safety must be monitored. Water is important also for personal hygiene and hygiene of the working
environment.
Intake of contaminated water by cattle can cause diarrhoea, loss of appetite and hepatotoxic disorders
with fatal consequences (Beede 2006). Insufficient intake of water decreases productivity and has
adverse health consequences. High-yield cows drink daily approx. 75 l of water. Water in drinkers
should be adequate quality and not contaminated with feed residues or excrements. The drinking
system should be frequently cleaned (Brestenský 2008).
Combination of higher level of sulphates and magnesium can cause diarrhoea, hydrogen sulphide
results in anaemia, high levels of sulphates, iron and manganese increase demands on copper. Acidic
water (pH below 5.1) may increase problems associated with chronic or slight acidosis, decrease milk
yield and feed intake or result in a number of infectious and metabolic problems. Alkaline water (pH
above 9.0) may cause chronic or slight alkalosis and in some cases also symptoms resembling slight
acidosis. Nitrate levels exceeding 100 mg/l may affect adversely fertility of cattle (Olkowski 2010).
2. MATERIAL AND METHODS
Analysis of quality of drinking water from sources intended for individual and mass supply on
agricultural farms for primary milk production located in vulnerable areas and evaluation of results
was carried out according to Governmental Order of SR No. 496/2010 Coll. on requirements for
drinking water and control of quality of drinking water.
Investigations were carried out on 5 farms, three supplied with water from sources intended for
individual supply and two connected to mass public supply source. Water samples were collected from
February to December in all four seasons.
Relevant parameters were examined at sampling and after their transfer to laboratory. Visual
examination (colour, turbidity and odour) was done within 24 hours. Temperature was measured at
sampling.
Physical and chemical examination focused on parameters that indicate contamination of water with
faeces of humans or people and affect adversely the primary milk production.
Bacteriological examination included parameters that indicate general contamination of water (BC22
and BC37), possibility of contamination of water with faeces of animals and people or with sewage
(coliform bacteria), and presence of micro-organisms that are part of digestive tract of man and
animals (E. coli). Colonies (CFU) were counted after inoculation of samples onto relevant nutrient
agars and cultivation for prescribed time at optimum temperatures.
3. RESULTS
In all samples we determined pH, COD, saturation with O2 and the content of Ca + Mg. Moreover we
checked them qualitatively for the indicators of faecal contamination: ammonium ions, nitrites,
nitrates, chlorides, iron, phosphates and free chlorine. Only the samples which proved positive at
qualitative testing of indicators of faecal contamination were investigated quantitatively (Tab. 1).
Ammonium ions (NH4+) were detected only in samples collected from source 2 and reached the
highest concentration in spring which could be related to melting of snow or extensive rainfall. Nitrites
(NO2-) were present in this source in samples collected in autumn. Nitrates (NO3-) were found in all
sources at every sampling in spring and only in traces in the remaining seasons. Chlorides (Cl-) were
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detected particularly in winter in samples from sources 2 and 3 and in other sources only in trace
levels.
The results obtained indicate that limit values for nitrates and chlorides were exceeded in samples
from sources 3 and 4 (sources for individual supply).
Samples collected in autumn showed that the limit value for nitrates was exceeded in source 4 (78.3
mg/l) and the limit for chlorides in source 3 (475.03 mg/l).
Results of microbiological examination are shown in Table 2 and Figure 1-3. Maximum limit value
(MLV) for plate counts of E. coli (EC) in 100 ml sample volume (mass supply) were not exceeded. In
sources for individual supply the MLV for EC was exceeded in sources 3 and 4 throughout the
sampling. In the source 3 the MLV for EC was exceeded in winter (1 CFU/10 ml), summer (6 CFU/10
ml) and autumn (13 CFU/10 ml) and in source 4 also in winter (8 CFU/10 ml), summer (66 CFU/10
ml) and autumn (130 CFU/10 ml).
Coliform bacteria (CB) as an indicator of potential faecal contamination were present only in
individual sources (2, 3 and 4). In all sources for individual supply coliform bacteria were present in
10 ml of water in all seasons (source 2: 8 CFU in winter, 220 CFU in spring, 60 in summer and 48 in
autumn; source 3: 26 CFU in winter, 240 in spring, 138in summer and 35 in autumn; source 4: 80
CFU in winter, 260 in spring, 288 in summer and 240 in autumn) (Figure 1-3). BC22 were exceeded
(>300 CFU) only in source 3 in spring and in source 4 in summer.
Seasons

Parameters and limit values
pH

Nitrate (NO3)

Chlorides
(Cl-)

COD

Ca2+ +
Mg2+

Saturation
O2

6.5 – 9.5

50 mg/l

250 mg/l

3 mg/l

>50 %

LV

LV

LV

LV

1.1 –
5.0
mmol/l

Source
Winter

Spring

Summer

71

RV

RV

1

6.71

3.1

1.7

2.32

1.05

67.44

2

6.81

4.4

23.7

1.04

4.0

57.92

3

6.62

50.26

90.3

2.0

0.72

67.95

4

7.24

11.34

0.68

3.45

63.56

5

6.91

0

3.54

0.32

3.35

67.67

1

7.61

8.13

0.35

0.84

1.00

69.85

2

7.10

4.32

36.51

0.36

3.75

51.66

3

7.27

18.43

123.36

0.6

2.15

61.25

4

6.95

26.87

45.37

1.12

2.55

59.43

5

7.40

10.02

6.38

0.24

3.45

68.04

1

8.25

9.6

7.09

2.32

1.04

79.1

2

6.99

4.1

31.90

1.04

3.5

55.4

0
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Autumn

3

6.88

15.3

131.16

0.72

2.1

74.1

4

6.63

27.0

38.99

3.4

2.5

71.3

5

7.31

9.9

3.54

0.2

2.45

78.7

1

7.01

8.5

2.5

0.88

0.75

62.3

2

6.63

4.1

28.56

0.52

3.3

50.3

3

6.85

15.3

475.03

0.16

1.85

60.8

4

6.58

78.3

124.07

0.32

1.9

69.2

5

6.69

9.9

4.5

1.16

2.4

69.8

Table 1 Results of quantitative determinations in samples of drinking water from investigated
sources
Legend
Limit value - LV
Maximum limit value - MLV
Recommended value - RV
Individual supply - IS
Mass supply- MS
Maximum plate counts of BC37 were exceeded only in source 4 in summer (290 CFU/1 ml) and
autumn (150 CFU/1 ml).
The content of free chlorine showed that this way of disinfection was carried only in sources for mass
supply (1 and 5) as the samples from these sources showed presence of residual chlorine. In sources
for individual supply we detected residual chlorine only in source 2 (0.1 mg/l in summer and autumn).
Source Seasons

EC

CB

BC22

BC37

Cl2

MLV

LV

LV

LV

LV

0 CFU/100 ml
MS

0 CFU/100 ml
MS

200 CFU/ 1 ml
MS

50 CFU/ 1 ml
MS

LV
0.3
mg/l

0 CFU/10 ml IS

0 CFU/10 ml IS

500 CFU/1 ml IS

100 CFU/1 ml
IS

1

winter

0

0

0

0

0

MS

spring

0

0

0

0

0

summer

0

0

140

0

0

autumn

0

0

0

0.1

winter

0

8

0

0

0

spring

0

220

170

160

0

2
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summer

0

60

148

80

0.1

autumn

0

48

80

50

0.1

3

winter

1

26

104

30

0

IS

spring

4

240

> 300

270

0

summer

6

138

124

140

0

autumn

13

35

90

103

0

4

winter

8

80

120

90

0

IS

spring

6

260

180

165

0

summer

66

288

> 300

290

0

autumn

130

240

0

150

0

5

winter

0

0

1

0

0.1

MS

spring

0

0

0

0

0

summer

0

0

0

0

0.2

autumn

0

0

0

0

0

IS

Table 2 Results of microbiological examination of samples of drinking water from
investigated sources
4. DISCUSSION
Good environmental status is one of the basic conditions for existence of human population.
Environmental contamination is an acute problem of the present time. Consequences of global climate
changes affect significantly the water reserves and their availability.
The mean consumption of water in Slovakia per head and day is approximately 120 litres. However,
even today we have some regions that lack water of adequate quality and the number of such regions
is expected to increase with time.
Individual components of the environment, air, water, soil and organisms affect each other and
contaminants shift from one place to another and accumulate in certain locations. Considerable
attention is paid to vulnerable regions that were in the past or are still endangered by human activities.
Of all our results we would like to stress the results of microbiological examination of the selected
sources. Plate counts of E. coli indicating potential faecal contamination were found in sources
intended for individual supply (3 and 4) at all samplings and in all seasons and thus these sources
failed to comply with the Governmental Order No. 496/2010 Coll.
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CFU

Sample 4 (IS)

EC

CB

BC22

BC37

Cl

Figure 3 Plate counts of microbiological examination of sample 4
Legend
Blue-winter
Red-spring
Green-summer
Violet-autumn
Determination of free chlorine showed that in the effort to decrease the risk of waterborne diseases the
sources for individual supply were disinfected only sporadically. On the other hand, free chlorine was
present in sources for mass supply which are disinfected regularly.
Despite the fact that sources for individual supply 3 and 4 were fenced, their surroundings were not
kept up and protected adequately. Contamination of these sources could be associated with keeping
and grazing of farm animals or application of their excrements on soil. This may produce situation
which results in contamination of ground water in the entire location.
Determination of contaminants in drinking water requires a complex system of evaluation of risks
resulting from exposure to chemical substances and other contaminants. However the quality of data
on toxicity is very variable which presents a problem for risk evaluation. Studies of toxicity in animals
are the biggest source of data for risk evaluation (Howd & Fan 2008).
Polluted water can affect adversely the animals that have to consume it (exitus of calves, ketosis or
acetonemia of cattle, chronic diarrhoea, liver damage, spreading of infections) (Bitton 1999).
Because all activities in primary milk production affect essentially the safety of milk products, one
must eliminate or decrease potential microbial contamination from all sources already in this phase of
food chain. The sources of microbial risk include farm environment, water sources for watering of
animals, cleaning and rinsing of production equipment and the animals themselves. It is most
important to comply with the rules of good practice in animal rearing and keep the animals healthy.
Low level of hygiene during milking and the treatment of milk can result in introduction of
contaminants already in the phase of primary production (Code 2004).
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In dairy cows more than 95% of udder infections is caused by agents spread by alimentary way
(Streptococcus agalactiae, Stahylococcus aureus, Mycoplasma spp.) or by environmental agents such
as Streptococcus dysgalactiae, Streptococcus uberis, Escherichia coli and similar.
The present situation in primary milk production requires constant stressing of simple procedures and
measures that can be implemented easily and support permanently good quality of milk and control of
mastitis. These measures and procedures should be introduced and implemented in everyday operation
of milking parlours, in animal houses, nutrition, manipulation with animals and similar (Tan in
&Tan inová 2008 ).
This study was supported by the Science Grant Agency (VEGA) project No. 1/0950/12.
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Abstract
Experiments were carried out to determine the periods of acquisition, latent period, inoculation and
retention of bean yellow mosaic virus (BYMV) when transmitted by the green peach aphid. Trials were
set up with broad bean plants, and the method of indirect-ELISA was used to determine the latent
carriers of the virus. Even a single viruliferous aphid was capable of transmitting the virus. However,
the maximum transmission was obtained when 10 aphids per plant were employed. It was established
that after acquisition of BYMV, Myzus persicae remains short time. The optimal period for
acquisition of BYMV by the green peach aphid is determined to be 48 hours, and the minimal is 45
minutes. The optimal latent period of the virus in the vector for inoculation of BYMV by the green
peach aphid is 48 hours and the minimal is 20 minutes.
Key words: Bean yellow mosaic virus (BYMV)- Myzus persicae
INTRODUCTION
Faba bean (Vicia faba L.) is among the most important edible crops that supply Egyption people with
protein, consumed as dry seeds, green vegetable and as processed food. Moreover, it is essential for
feeding the live stock on dry seeds, as well as green and dry straw (Hassan, 1996). Assiut governorate
is considered as one of the famous area cultivating with faba been in Egypt. Insect pests, specially
aphids, cause severe crop losses to faba bean, principally by direct feeding damage or as a vector and
disseminator to virus disease (Manaa et al, 1999). Virus diseases, considered as a serious worldwide
problem (Jones, 1997). The infection with certain viruses causes significant economic losses and yield
reduction (estimated by 30% on susceptible cultivars of faba bean cultivars) (Khalil & Erskine,
2001). Bean yellow mosaic virus (BYMV) consider as one of the most devastating viruses affecting
faba bean plants in Egypt (El-Beshehy, 1999 and Radwan et al., 2007). BYMV (family Potyviridae,
genus Potyvirus) is an aphid transmitted virus in non-persistent mode and has a wide host range
(Jones and Smith, 2004 & 2005). It causes a considerable destructive in seed yield, particularly,
when plants were infected at the beginning stage of faba bean at the growing regions of Egypt.
Systemic symptoms caused by BYMV infection do not kill faba bean plants, but have the potential to
spread faster and further into the crop, causing greater overall yield reduction, despite inducing milder
symptoms (Sidaros et al., 2006). BYMV are transmissible by mechanical inoculation and by aphid
vectors in a non-persistent manner. More than 40 aphid species can transmit BYMV, including
Acyrthosiphon pisum, Aphis craccivora, Aphis fabae, Macroszphum euphorbiae and Myzus persicae
(Bos, 1970).
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The main propose of this work is to examine the ability of some aphid species to transmit and
disseminate BYMV on faba bean, as well as certain relationship among them.
MATERIALS AND METHODS
The studies were conducted during the 2011 / 2012 and 2012/ 2013 seasons and were located at the
green house of Faculties of Science, El-Azhar and Assiut University.
1-PLANTS
All the tested plants used to maintain the virus isolates and virus free aphid were grown in an artificial
soil mix. It consisted of 1:1, peat moss: sand. Normal Hoaglands solution (Hewitt 1966) was watered
into the mix once or twice weekly as necessary. The plants were grown in insect screened glasshouses
and were treated weekly with insecticide. Giza cv461 faba bean was used. Chenopodium quinoa plants
were used as indicator host for test inoculum of the BYMV. Seeds were sown in a mixture of sand and
clay (1: 2 v/ v) in plastic pots (10 cm in diameter).
2-VIRAL ISOLATION
Twenty four samples of faba bean plants exhibiting virus-like symptoms were collected from eight
different fields at Assiut Governorates. These samples were checked serologically against BYMV,
alfalfa mosaic virus (AMV) and broad bean mosaic virus (BBMV) according to Hobbs et al., 1987.
These antibodies were obtained from the Agricultural Genetic Engineering Research Institute
(AGERI), Egypt.
Samples giving only BYMV positive results were mechanically inoculated on C. quinoa and then
isolated by single local lesion according to El-Afify et al., 2007. The virus isolate was maintained on
broad bean plants under greenhouse conditions for subsequent experiments.
3- REARING INSECTS:
Two sets of healthy Faba bean plants were sorted in two cages (36 x 40 x 60 cm), to maintain the
virus- free aphid colonies. Two species of Aphid craccivora and Myzus persicae were collected from
broad bean plants to obtain stocks of virus- free aphids. The plants were renewed weekly in each cage.
4-INSECT TRANSMISSION:
Two aphid species were used to compare the vector specificities to BYMV isolate. Insect from each
aphid culture were starved for 24 hours at 4ºC. Subsequently, the aphids given acquisition access three
to five minutes to V. faba leaves infected with the virus isolate in Petri dishes and then transferred to
healthy broad bean plants for 24 hours. They were then sprayed with an insecticide before their return
to the glasshouse. The experiments were repeated four times. The aphid-isolate combination involved
ten aphids per plant and ten plants per treatment. Probability of transfer (p) was calculated using the
function of Burrows (1987):
p = 1-[(2kR + k-1)/(2kN + k-1)]1/k
where: N = number of test plants, R = number of healthy plants, and k = number of aphids transferred
to a single host plant.
COMPARISON OF APHID SPECIES
Aphids from each colony were tested for their ability to transmit BYMV. V. faba plants were used as
virus sources and as test plants. Each test was done in duplicate using ten aphids per plant. Acquisition
and inoculation access periods were three days of each. Effect of number of each aphid on virus
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transmission were allowed to feed on infected plants for 72 hours and then placed singly or in groups
of five or ten on healthy broad bean seedlings. Subsequently, the aphids were killed with insecticide.
PERSISTENCE OF BYMV ON APHIDS:
Virus-free colony of A. craccivora and M. persicae given acquisition access to infected V. faba plants
for 72 hours. Twenty aphids were then transferred singly onto new sets of healthy test plants every 24
hours until all the aphids had died. The stage of development of each aphid was recorded daily after
they were transferred.
ACQUISITION THRESHOLD PERIOD:
A free- virus individuals of A. craccivora were given acquisition access for 10, 20, 30, 45 minutes or
1, 2, 4, 6, 12, 24, 48 or 72 hours. At the end of the respective acquisition access periods, the aphids
were placed in groups of 10 aphids per plant of the healthy test plants until six days after
commencement of the experiment.
INOCULATION THRESHOLD PERIOD:
Non-viruliferous individuals of A. craccivora were fed for 72 hours on infected plants and then
transferred in groups of 10 to each test plant (ten test plants were used). The aphids were given access
to the test plants for either 10, 15, 20, 25, 30 or 45 minutes or 1, 2, 4, 6, 12, 24, 48 or 72 hours. The
aphids were killed as mentioned above.
RESULTS AND DISCUSSION
VIRUS ISOLATION
One collected samples which gave positive reaction against BYMV antiserum was only used as virus
source to inoculate the plants of C. quinoa as a differential host. Inoculated C. quinoa leaves showed
chlorotic local lesions. The virus was isolated via single chlorotic local leasion technique on faba bean
three times.
Variations of symptoms were appeared after aphid transmission. The terminal bud twisted slightly
after 6-7 days of inoculation, followed by initiation of very narrow leaves from new buds and was
more evident after 15 days of inoculation (Fig. 1). As the time advanced, proliferation of both terminal
and axillaries branches occurred resulting into long and thin branches consisting of very narrow
leaves. The leaves below the proliferated branches exhibited yellowing or inter venial chlorosis or
mosaic. The overall height of the plant was reduced. Such plants produced very few distorted flowers
that converted to very small pods.
APHID TRANSMISSION
Result obtain in table (1) and Fig. (1) show that the individual of the two examined aphid species were
able to transmit BYMV isolate. The M. persicae was able to transmit it more readily (82%) than the A.
craccivora (70%). The efficiencies with the two aphids to transmit BYMV via individual insect were
often at variance. M. persicae was more effective in transmitting BYMV (0.19). The work of
Makkouk et al. (1990) reported that the virus affecting faba bean in West Asia and North Africa was
identified as Broad Bean Wilt Faba virus (BBWV). The isolates from Syria and Egypt found to be
positively transmitted non- persistently by 4 aphid species, most efficiency by Myzus persicae. The
work of Su et al. (1989) declared that M. persicae was more suited to the transmission of BBWV than
that of A. cracivora, even both of two species have the ability to disperse and transmit the virus.
Manna et al. (1999) in their study on BBWV at Assiut locality found that two previous mention
species were found on the infested faba bean plants. Therefore, the dominant density of A. craccivora
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blamed it as responsible of virus dissemination. A. cracivora was the most dominant species during
the two successive season of study. Several small colonies of M. persicae were scattered within those
of A. cracivora. Therefore, the dominant density of A. cracivora blamed it as responsible of virus
transmission.

Figure (1): Mosaic and vein-banding symptoms induced on broad bean leaves after M. persicae
inoculation.
The relation among the density of aphid individuals on the host plant and the successful transmission
of virus was estimated, data recorded in table 2. The rate of transmission increased when larger
numbers of aphids were transferred from virus source to test plants. One hundred percent of
transmission was obtained when ten M. persicae were allowed to feed on each test plant. These
experiments indicated that M. persicae was efficient vectors of BYMV from infected broad bean
plants to healthy ones, the percentage of transfer by a single aphid averaged 36 as compared with 12
in A. crassefora. The experiment showed that a single aphid is able to transmit BYMV to a healthy
plant. This result confirms the data of Curpetino (1995) who reports that after a single aphid acquires
the potato leaf roll virus (PLRV) from a potato plant, it is able to transmit it to a healthy Physalis
floridana test plant.
Our results revealed that this virus disease has more chance to disseminate at high abundant level of
aphid infestation. Also, the result was agreement with Lampert et al., 1988, they reported significant
results in tobacco etch virus (TEV) transmission by increasing aphid numbers per plant.
The acquisition access period (AAP) and the inoculation access period species were timed and
illustrated in Table 3. The results suggested the suitable timing of these indicators when M. persicae
was tested as BYMV vector. No transmission of BYMV was recorded when AAP was less than 45
minutes (Table, 3). Increasing the AAP beyond this time increased the efficiency of transmission and
the optimal AAP was at least 24-48 hours. Similarly, M. persicae was able to transfer BYMV within
20 minutes after becoming infective. The rate of transmission increased as IAP was extended up to 6
hours. The M. persicae transmitted the BYMV with 100% efficiency when the IAP was 12 hours.
These results revealed that M. persicae seems to be a successful vector and disseminator agent for
BYMV. Aphid transmission of non-persistent viruses is almost completely restricted to very brief (510 seconds) intracellular punctures of epidermal or mesophyll cells (Lõpez et al., 1969; Powell, 1991).
A model in which egestion through the food canal injects virus into the plant does not take account of
the anatomical fact that the food and salivary canals in the maxillary stylets fuse at 2-8 µm from the
tips (Forbes, 1969).
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In test to examine the persistence transmission of virus isolate by M. persicae, it was found that 5 of
13 aphids acquired virus and infected test plants. The aphids retained their infectivity after transfer to
test plants and only one insect did so after developing into adult alatae. In the serial transfer tests,
individual aphids varied considerably in their abilities to transmit the virus. Transmission usually
occurred intermittently. M. persicae was efficient in virus transmission only during the first ten days
after the commencement of the acquisition access period and then largely lost its transmitting ability at
the subsequent transfer periods.
Table (1): The ability of Aphid species to transmit BYMV by aphid species.
Aphids

% transmission

Transmission efficiency*

Aphis craccivora

14/20 (70)**

0.12

Muzus persicae

19/22 (82)

0.19

*Probability of single aphids for transmission BYMV isolate.
**Number of infected plants/number of treated.
Table (2): Transmission (%) of BYMV by different numbers of aphids.
Aphids species

No. of aphid/plant
1

5

10

Aphis craccivora

12

73

92

Muzus persicae

36

84

100

Table (3): Effect of different acquisition and inoculation access periods on the transmission of
BYMV by M. persicae.
Period

Transmission (%)
Acquisition

Inoculation

10 min

0.0

0.0

20 min

0.0

18.0

30 min

0.0

27.0

45 min

3.0

32.0

1 hr

5.0

48.0

1.5 hr

11.0

53.0

2 hr

12.0

86.0

4 hr

15.0

88.0

6 hr

38.0

95.0

12 hr

75.0

100

24 hr

81.0

100

48 hr

100

100

82
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COMPARATIVE STUDY ON THE MILK PRODUCTION AND THE DURATION
OF LACTATION IN EWES OF SYNTHETIC POPULATION BULGARIAN MILK
Tanya S Ivanova, Emiliya T Raicheva
Institute of Animal Science – Kostinbrod, 2232

Abstract
The aim of this work was to carry a comparative study on the milk production and the duration of the
lactation in ewes of Synthetic population Bulgarian milk. The investigation was carried out with 84
ewes on first and second lactation raised in the Institute of Animal Science – Kostinbrod and Vrana
LTD. The milk production was controlled and calculated by AC method of ICAR. The obtained
information was analysed by the statistical package of EXCEL 2003. We found significant effect of the
flock on the milk production during suckling and the lactation period on first lactation (P<0,05,
P<0,01), on the suckling and standard 120 days milking milk production on second lactation (P<0,05,
P<0,01) and on the duration of suckling, milking and lactation period on first and second lactation
(P<0,001) as well. Significantly higher values of the duration and the milk production during the
different periods of lactation in the flock of the Institute of Animal Science – Kostinbrod were
determined. Only the 120 days milking milk production and the average daily milk production on
second lactation were significantly higher in the flock of Vrana LTD.
Key words: dairy sheep, duration of lactation, milk production
The Synthetic population Bulgarian milk is a new sheep breed created in the year 2005. Therefore in
our specialized literature studies are mainly focused on the traits linked to milk production and
composition. (Nedelchev, Raicheva & Petrova 2003; Stancheva 2003; Ivanova & Raicheva 2007;
Ivanova & Raicheva 2008; Ivanova & Raicheva 2010; Hinkovski, Raicheva & Metodiev 2008;
Boikovski, Stefanova & Stancheva 2006; Nedelchev & Raicheva 2000).
When creating the breed, various schemes were applied in the different areas of the country leading to
a certain phenotype variety. The dairy sheep form the major part in Bulgaria (according to Agricultural
statistics of MAF on 1.11.2010 the number of the dairy ewes is 1 011 999) and are very much in
demand.
The most important thing in dairy sheep breeing is the quantity of commercial milk that depends on
the duration of lactation and the level of the milk production. The studies on the duration of lactation,
the relative share of milk production in the different periods of lactation as well as the effect of
different factors on their variation were limited in this sheep breed (Stancheva 2003; Raicheva &
Ivanova 2010). The results from the experiments aiming to augment the milking milk production
through selection increase the economic effectiveness from dairy ewes (Stoyanov, Paliev & Dochevski
1976; Tanev & Raichev 1976; Hinkovski, Donchev & Dochevski 1979; Donchev, Tzochev & Hristov
1982; McKusick, Thomas & Berger 2001).
The aim of this work was to conduct a comparative study on the milk production, the duration of the
different lactation periods and the effect of the flock on them in ewes of Synthetic population
Bulgarian milk.

84

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

ISSN 1314-8591 Published at: http://www.scientific-publications.net
MATERIAL AND METHODS
The study was carried out with 51 ewes raised in the Experimental base of the Institute of Animal
Science – Kostinbrod and 33 ewes - raised in Vrana LTD from Synthetic population Bulgarian milk
(SPBM) in the same economic year, fed according to the standards for lactating ewes. The milk for
control day was controled and calculated according to the Instruction for control of productive traits of
sheep during the suckling and the milking period.
The suckling milk production was determined as in the evening before control day the lambs were
separated from the ewes that were milked. The control milking was done after 12 hours individually
for each ewe and the recieved milk was multiplied by two.
The individual quantity of milk of each milking control was controlled by the AC method of ICAR
and measured in volume units (ml). The milk production of each ewe for the control day was
calculated by multiplying the quantity of the milk obtained in the morning of the individual control by
the flock coefficient, established for the control day as a ratio: morning + evening milk / morning
milk. The ewes milk production for 120 days milking period was calculated as a sum of milk
production from the individual control periods of each ewe. The milk production for one control
period is the product of the milk for the control day and the number of the days in the control period.
The days of the suckling period, the days of the milking period and total days of lactation were
registered. The lactation milk production was calculated as a sum of the suckling and milking milk
production.
The data obtained were calculated by the methods of variation statistics and analysed by the statistical
package of EXCEL 2003. The effect of flock was established by one-way ANOVA. The significance
of the influence of the studied factor was established by F-criterion of Fisher. The significance of the
differences between means of the studied traits was evaluated by t-criterion of Student.
RESULTS AND DISCUSSION
The values of the F-criterion for the ewes on first lactation showed significant influence of the flock
on the milk production during the suckling and lactation period (P<0,05, P<0,01). The effect of the
flock on the duration of the different periods of lactation (suckling, milking and lactation) is highly
significant too (P<0,001) (table 1).
Table 1. Values of the F-criterion for the effect of the flock on the studied traits in the ewes on I
lactation, n=36
Suckling period, d

F- criterion
18,08***

Milk for suckling period, l
Milk for 120 days milking period, l

8,78**
NS

Milking period, d
Milk for milking period, l

100,56***
NS

Lactation period, d
Milk for lactation period, l

182,44***
6,18*

Note: Significant at: * - P<0,05; ** - P<0,01; *** - <0,001
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Analogically, highly significant values of the F-criterion for the influence of the flock on the duration
of suckling, milking and lactation period were obtained in the ewes on second lactation too (P<0,001)
(table 2). When studing the effect of the flock on the milk production we found significant influence of
the investigated factor on the variability of the suckling and standart 120 days milking milk production
(P<0,05, P<0,01) (table 2).
Table 2. Values of the F-criterion for the effect of the flock on the studied traits at the ewes on II
lactation, n=48
F- criterion
Suckling period, d

37,72***

Milk for suckling period, l

7,55**

Milk for 120 days milking period, l

6,86*

Milking period, d

312,45***

Milk for milking period, l

NS

Lactation period, d

363,85***

Milk for lactation period, l

NS

Note: Significant at: * - P<0,05; ** - P<0,01; *** - <0,001
The duration of the suckling period of the ewes raised in the Institute of Animal Science – Kostinbrod
was significantly higher in comparison to that of the ewes from Vrana on the first (72,11 d and 58,94
d) as well as on the second lactation (76,73 d and 57,33 d) (P<0,001) (table 3) at 60 days required
duration of the suckling period (Ministry of Agriculture and Forestry 2003). This affects the results for
the suckling milk production of both flocks where the milk for the suckling period in the Institute of
Animal Science – Kostinbrod was significantly more in the studied groups (first and second lactation)
(61,72 l and 69,50 l) (P<0,01) when compared to Vrana LTD (44,78 l and 51,07 l). The different
duration of the suckling period can be explained with arising technological problems.
Hinkovski, Raicheva and Metodiev (2008) found average milk production during the suckling period
(60 days) of ewes from Synthetic population Bulgarian milk in the flock of the Institute of Animal
Science – Kostinbrod which was higher than the obtained in the present study. Ivanova and Raicheva
(2010) reported 59,02 l suckling milk production in early concieved ewes from Synthetic population
Bulgarian milk on first lactation which is in the range of the that, reported here.
A longer suckling period (74 days) in Awassi ewes has been reported by Pacinovski (2011). The
results for the duration of the suckling period obtained in this study showed that in the flock of the
Institute of Animal Science – Kostinbrod the duration was higher than the required (Ministry of
Agriculture and Forestry 2003) while in Vrana – it responded to the requirements.
The standard 120 days milking milk production obtained from the ewes on second lactation in Vrana
(112,55 l) was significantly higher (P<0,05) than this in the Institute of Animal Science – Kostinbrod
(84,50 l) (table 3) at a requirement of 95 l for first class (Ministry of Agriculture and Forestry 2003).
This can be explained with the significantly longer suckling period in the Institute of Animal Science –
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Kostinbrod (with 20 days) as a result of unfavourable nongenetics factors during the year and because
of that, a part of the milk obtained in a top of lactation as milking was not realized.
Hinkovski, Raicheva and Metodiev (2008) studying the standard 120 days milking milk production on
first and second lactation in the ewes from Synthetic population Bulgarian milk reported higher values
than the obtained in this investigation (110,69 l and 116,5 l). Similar result for the average value of the
standard 120 days milking milk production determined Ivanova & Raicheva (2008) too in the ewes on
second lactation (115,512 l) and lower – on first lactation (68,139 l). In ewes on first lactation the
milking milk production for 120 days milking period had close value (90,75 l) (Ivanova & Raicheva
2010) and (104,39 l) (Ivanova et al. 2010).
Table 3. Duration and milk production of the different periods of lactation
I lactation

Suckling period, d

II lactation

Signif.

IAS, n=18

Vrana, n=18

IAS, n=33

Vrana, n=15

1

2

3

4

x±SE

x±SE

x±SE

x±SE

72,11±2,489

58,94±1,843

76,73±1,887

57,33±2,151

1>2***
3>4***

Suckling period, l

61,72±4,754

44,78±3,177

69,50±3,653

51,07±5,799

1>2**
3>4**

120 days
period, l

milking

Milking period, d

92,27±11,683

103,33±10,311

84,50±4,795

112,55±11,855

4>3*

187,5±4,244

125,33±4,519

191,82±2,238

120,73±3,367

1>2***
3>4***

Milking period, l

129,72±15,277

99,33±9,207

122,55±7,704

106,73±10,568

NS

Lactation period, d

259,72±4,795

177,89±3,761

268,55±2,923

178,07±2,804

1>2***
3>4***

Lactation period, l

191,45±18,488

139,63±10,245

190,87±8,963

157,8±15,617

1>2*

Note: Significant at: * - P<0,05; ** - P<0,01; *** - <0,001
The milking and lactation period of the ewes raised in the Institute of Animal Science – Kostinbrod
significantly exceeds this in Vrana in ewes on first as well as in ewes on second lactation (P<0,001)
(table 3). As a result of this, the lactation milk production on first lactation was significantly higher in
the flock of the Institute of Animal Science – Kostinbrod (P<0,05), and on second – analogical
tendency was observed.
When studying the lactation milk production of ewes from Synthetic population Bulgarian milk
Stancheva (2003) reported higher values (194,5 l for the ewes on first lactation and 199,9 l – on
second lactation), and for milking milk production - lower (on first lactation 99,178 l, on second –
101,957 l). The same author reports duration of the lactation in the range of the values obtained here
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(207 days for first lactation and 210 days – for second) – lower than the duration in the Institute of
Animal Science – Kostinbrod and higher than the duration in Vrana.
The duration of lactation was studied in other dairy breeds too – in purebred East Friesian sheep
McKusick, Berger and Thomas (1999) reported duration of the lactation 169,4 - 177,7 days; in crosses
of East Friesian breed - 126,2 days (Thomas, Berger & McKusick 1999), 91,7 – 105,5 days (Thomas
et al. 2000), 137,8 days on first and 160,3 days on second lactation (Thomas et al. 2010), 181,5 days
(McKusick et al. 2000), 130,2 – 131,8 days on first lactation and 160,1 days on second lactation
(Morrissey et al. 2007); in Sardinian sheep - 250 days (Saadoun et al. 2004), in Awassi and Assaf –
respectively 173 and 214 days (Pollott & Gootwine 2004) and 234 days in Awassi (Pacinovski 2011).

l

Fig. 1 Average daily milk, n=84
1
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0

*

IAS
Vrana

lactation

lactation
number of lactation

Note: Significant at: * - P<0,05
Figure 1 resents the average daily milk production of the ewes for the lactation period. The average
daily milk production of the ewes on second lactation from the flock in Vrana (0,882 l) was
significantly higher than this in the Institute of Animal Science – Kostinbrod (0,790 l) (P<0,05) and on
first lactation the differencies were non significant but the tendency was preserved (0,733 l and 0,712
l). This can be explained with the fact that East Friesian breed took the major part at the creation of the
flock of Vrana LTD and higher blood relation from this breed in comparison to the ewes raised in the
Institute of Animal Science – Kostinbrod is maintained.
CONCLUSION
The following conclusions could be made from the concrete study:
There is significant effect of the flock on the milk production during the suckling and lactation period
(P<0,05, P<0,01) in the ewes on first lactation, on the suckling and standart 120 days milking milk
production (P<0,05, P<0,01) in the ewes on second lactation. The milk production during the different
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periods of lactation was established, as with exception of the standart 120 days milking milk
production it was significantly higher in the flock of the Institute of Animal Science – Kostinbrod
(suckling - 62-70 l, milking - 123-130 l, lactation – 191 l). The standard 120 days milking milk
production (103-113 l) and average daily milk production of ewes on second lactation (0,882 l) were
determined and were significantly higher in the flock of Vrana LTD.
Highly significant values of F-criterion for the effect of the flock on the duration of suckling, milking
and lactation period in the ewes on first and second lactation (P<0,001) were obtained. The values for
the duration of the different periods of lactation in the flock of the Institute of Animal Science –
Kostinbrod (suckling - 72-77 days, milking - 188-192 days, lactation - 260-269 days) were
significantly higher than the obtained for Vrana (suckling - 57-59 days, milking - 121-125 days,
lactation – 178 days).
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METHOD OF THERMODYNAMIC PROGNOSIS FOR NEW ENVIRONMENTAL
BIOTECHNOLOGIES DEVELOPMENT
O.B. Tashyrev, Ie.P. Prekrasna, G.O. Tashyreva, N.A. Matvieieva, P.V. Rokitko
Zabolotny Institute of Microbiology and Virology, National Academy of Sciences of Ukraine, Kyiv

Abstract
New environmental biotechnology was developed on the base of thermodynamic prognosis method.
Thermodynamic prognosis method allows predict the way of microorganisms and xenobiotics
interaction. Biotechnology allows simultaneous to destroy environmentally hazardous solid food waste
and purify the metal-containing waste water. Application of this biotechnology allows to reduce the
mass of waste in dozens times for 10 - 12 days and get a commercially valuable products - metal
concentrate and technically clean water for closed production cycles.
Key words: microbial biotechnology, thermodynamic prognosis, processing of organic waste; metal
resistant microorganisms, metal wastewater purification.
1. INRODUCTION
The development of industry and agriculture naturally leads to an increase of the total number of
environmentally hazardous organic and inorganic waste. Today there is a wide range of physical,
chemical, and biological technologies of waste treatment and processing. However, the tendency to a
catastrophic increase of waste clearly indicates the failure of environmental technologies`
effectiveness. Therefore, the primary task of global importance is the development of new
technologies that will effectively process the accumulated astronomical amounts of organic solid
waste and industrial waste water.
Obviously, new technologies need to be deprived of the modern technology disadvantages, such as the
unprofitability and low efficiency. In our opinion, biotechnologies are the most promising ones for the
environmental protection, and above all - microbial biotechnology. The variety of microbial metabolic
pathways allows simultaneous realize all theoretically possible mechanisms for the physical, chemical
and biological treatment of xenobiotics. Environmental microbial technology of the new generation
must have the following properties.
1. Efficiency - technologies should ensure the full and fast processing of the major types of waste.
These include, first of all, organic (food and agriculture) waste and industrial waste water (e.g., metal
containing).
2. Universality - simultaneous processing and detoxification of all classes of xenobiotics.
3. Manufacturability - the ability to scale and replicate typical industrial biotechnologies.
4. Profitability
5. Liquidity - the technologies should provide a high turnover of investment and as a consequence the entrepreneurs' interest in large-scale implementation of environmental biotechnologies.
The attractiveness of our biotechnologies is based on their high efficiency and on minimizing the cost
of waste fermentation. The principal novelty of our biotechnology is in possibility to get commercially
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valuable products out of solid and liquid waste. We developed new theoretical approaches to create
such universal biotechnology. We developed method of thermodynamic prognosis of microorganisms
and xenobiotics interaction. This method makes theoretical foundation for biotechnology development
that processes effectively the major classes of waste (xenobiotics).
The major classes of waste are:
- concentrated natural organic compounds (solid food and agricultural waste);
- synthetic organic xenobiotics (nitrochloroaromatic, etc.);
- inorganic xenobiotics (toxic metals, etc.).
Theoretically designed biotechnologies allow us to neutralize these xenobiotics quickly and effectively
and receive a wide range of commercially valuable products at the same time. Thus, while
fermentation of solid food waste three types of energy produced, such as:
- molecular hydrogen or methane,
- biofuels (alcohols),
- solid fuel (unfermented lignin cellulose).
Microbial polymetalic waste water purification provides concentration of valuable non-ferrous metals.
Finally, due to industrial waste water from the synthetic organic compounds and toxic metals
treatment, and toxic leachate from food waste purification we can get the main commercial product ecologically clean water.
We used the method of thermodynamic prognosis of microorganisms and xenobiotics interaction to
develop the theoretical foundations of new environmental biotechnology. The method is based on the
Pourbaix diagrams. Necessary conditions for the most efficient disposal of xenobiotics by
microorganisms were theoretically calculated according to the Pourbaix diagrams that define the state
(stability) of organic and inorganic compounds (in the coordinates of pH and Eh). For example, it is
theoretically possible to substantiate the optimal simultaneous destruction of organic xenobiotics and
removal metals from solutions by microbial technology. Further optimum dissimilative microbial
metabolism path and the appropriate physiological groups of microorganisms are selected for
realization of thermodynamic direction of xenobiotics degradation.
2. MATERIALS AND METHODS
2.1. Thermodynamic prognosis
For thermodynamic prognosis of microorganisms and xenobiotics interaction Pourbaix diagrams were
used. These diagrams are represented by plots of the electrode potentials on the pH of the solution for
the real establishing equilibrium. Electrode potentials (Eh) are expressed in millivolts (mV) according
to the hydrogen scale (Pourbaix 1963).
2.2. Preparation of metals solutions
Mercury(II), chromium(VI) and copper(II) containing soluble salts were used to study the interaction
of microorganisms with metals.
Standard solution of Hg2+ at 1000 ppm was prepared by dissolving metallic mercury in nitric acid.
Metallic mercury (1000 mg) and diluted (1:1) HNO3 (5 ml) were added into a heat-resistant 100 ml
flask. The solution was evaporated on a water bath (100 °C) to form a "wet crystals» of Hg(NO 3)2. The
crystals were dissolved in 50 ml of distilled water and transferred to 1.0 liter Mohr's flask. Flask with
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residues of mercury nitrate was washed twice with distilled water and this solution was added to the
Mohr's flask. Then the volume of Hg(NO3)2 solution was adjusted to 1 liter.
Chromate standard solution contained 100000 ppm of cation Cr(VI). To prepare the solution 37,3 g of
K2CrO4 was dissolved in 100 ml of distilled water.
Standard solution of Cu2+ contained 20000 ppm of copper cations. To prepare the solution 7,8 g of
CuSO4×5H2O was dissolved in 100 ml of distilled water.
Standard solutions of metals (except mercury) were sterilized in a 100 ml hermetically sealed flask on
water bath (100 °C) for 15 min.
2.3. Analytical determination of metals
The concentration of mercury in solution was determined by atomic absorption on spectrophotometer
“Saturn 3” (Magos 1971).
The concentration of Cr (VI) was determined colorimetrically using 1,5-diphenylcarbazide (DPC).
Two ml of the sample, 0,5 ml of H2SO4 (1:1 diluted), 0,5 ml of DPC (0,5% solution in ethanol) were
added to the analytical tube. Measurement range is 0,1 – 20,0 ppm of metal ions. The concentration of
Cr(VI) was determined by calibration graph using photoelectrocolorimeter KFK-2MP. Wavelength
= 540 nm, the optical cuvette step 0,5 cm.
Concentration of Cu2+ was determined by titration a complex of cupric cation (Cu2+) and paminorezorcin (PAR) with solution of ethylene diamine tetraacetate (EDTA). To the culture medium
containing Cu 2+ was inoculated with 0,1 ml of 0,1% PAR solution. The red complex of PAR copper
formed. During the titration of the complex with EDTA solution (2500 ppm) complex Cu2+-PAR was
destroyed, which was evidenced by the change of red color to yellow. Concentration of Cu2+ was
determined by the calibration graph. The amount EDTA solution used for the complex destruction is
directly proportional to the content of Cu2+ in the concentration range 0,1-1500 ppm.
2.4. Indicators of metal accumulation (R, Kd)
The effectiveness of solution purification was determined by the coefficient of metal extraction by
granules (R,%) and the coefficient of redistribution (Kd):

C
100 0 0 K
C0

m1
where C is a difference between the initial ( ) and final
m2
concentration of metal ( ); m1 - the mass of solution; m 2 - mass of the microbial biocatalyst (MBC)

R

C
C0

granules.
2.5. Maximum allowable concentrations of metals
The maximum permissible concentrations of metals (MPC) for microorganisms were determined by
inoculation cultures on an agar medium in a concentration gradient of metal. For this purpose agar
medium (Nutrient Agar, HIMEDIA) with increasing concentrations of toxic metal ions was poured
into a series of Petri dishes.
The next sterile aqueous solutions of metal salts were used for concentration gradient of metal in the
medium preparation: Hg(NO3)2, CoCl2×6H2O, NiCl2×6H2O, K2CrO4, CuSO4×5H2O. The metal salts
solutions were added to a flask with 25 ml of melted and cooled to 50 °C agar medium and then
poured into Petri dishes.
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Suspended in physiological solution microorganisms were inoculated with the loop on the surface of
the medium. Cultivated at 25 °C. The maximum concentration of metals where growth was observed
was taken as MPC, i.e. "maximum permissible concentration".
2.6. Microorganisms (pure cultures and associations)
For the metal wastewater purification and the organic waste degradation preparate of microbial
biocatalyst (MBC) and isolated from the Antarctic ecosystem metal resistant culture Brevibacterium
antarcticum were used. Granules of MBC consist of a wide range of microbial communities - digested
sludge, activated sludge, bird droppings and cow dung. B. antarcticum is resistant to copper at 1000
ppm Cu2+.
2.7. Technique of pure cultures isolation
The isolated strains were obtained by exhausting dispention on Nutrient agar HIMEDIA. To isolate
metal resistant pure cultures aqueous solutions of metal salts were added to the agar medium:
CuSO4×5 2 , Hg(NO3)2, CoCl2×6 2 , NiCl2×6 2 , K2CrO4.
2.8. Identification of cultures
Metal resistant cultures were identified by classical methods, according to the determinant Bergey's
manual of systematic bacteriology (Bergey's Manual of Systematic Bacteriology 2012).
2.9. Measuring of biomass growth (optical density)
The increasing of microbial biomass in an aqueous phase was determined colorimetrically by the
change of optical density. The optical density was measured at = 540 nm and cuvette optical step 0.5
cm (Gerhardt 1981, Ntaikou et al 2010).
2.10. Determination of the gas phase composition
Composition of the gas ( 2,
2) synthesized during the organic substances fermentation was
determined to characterize the metabolic activity of microorganisms. For gas and culture liquid
sampling a sterile plastic syringes with a rubber seal on the piston of 2,5; 11, 50 and 100 ml were used
(manufactured «Bayer» and «BogMark»). Samples were withdrawn by piercing the rubber plugs with
a syringe needle. Synthesized gas volume was measured on a syringe scale while indentation piston
with overpressure gas. The amount and composition of the gas was determined daily.
The gas composition was determined by a standard procedure by heat conduction in the katharometer
on gas chromatograph LHM-8-MD. Two steel columns were used - one (I) for the analysis of 2, 2,
N2 and
4, the second (II) for the analysis of
2. Columns parameters: I - l = 3 m, d = 3 mm, the
sorbent 13X (NaX); II - l = 2 m, d = 3 mm, the sorbent Porapak-Q. The temperature of column is +60
°C, evaporator + 75 °C, detector + 60 °C, the detector current is 50 mA. Carrier gas is argon with the
flow rate 30 ml/min. The gas concentration (H2, O2, N2 and CO2 in %) was calculated by peak areas
registered by recorder.
2.11. Obligate anaerobes cultivation technique
Anaerobic microorganisms were cultivated by Hungate`s method (Hungate 1969). Tubes, flasks and
culture medium were bubbled by argon (O2 concentration not higher than 0.01%). The intensity of the
flow was adjusted so that through the cultivator passed argon volume equal to the thirty cultivator
volumes. Rezazurine was used as an indicator of anaerobiosis and H2S was used as reducing agent (0,1
ml per 10 ml of medium) while Clostridium lituseburense cultivating. After air removing cultivators
were sealed with rubber plugs and hydrogen sulfide was added by syringe. Hydrogen sulfide created
Eh = – 120 ... –130 mV (pH = 7,0 ... 7,2).
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2.12. Anaerobic redox-cultivator
We developed anaerobic redox-cultivator to investigate patterns of microbial waste processing
(Chernishenko et al 1990).

Fig. 1. Scheme of redox-cultivator. Measuring electrodes:1 – platinum for redox-potential, 2 – for pH,
3 – reference chlorine-silver electrode; 4, 7, 8, 14 – conical rubber plug; 5 – silicone tube; 6 – sampler;
9 – cultivator; 10 – glass capsule; 11 – magnetic stirrer; 12 – glass tube; 13 – metal clip.
The cultivator allows continuously pH and Eh measuring. The cultivator ensures sterility and sealing.
The measuring cell is a flask made of heat-resistant glass "Pyrex". Scheme of redox-cultivator is
shown on Fig. 1. Its volume (0,2 - 2,0) and the number of external tubes (3 - 5 pcs.) depends on the
objectives of the experiment. Measuring (1 and 2) and reference (3) electrodes fixed in the
impermeable to O2 rubber tube.
The sterility of the redox-cultivator was provided by a so-called electrolyte bridge. Electrolyte bridge
contains 2% of agar saturated by KCl. Electrolyte bridge was sterilized in an autoclave at 1.0
atmospheres. Trimmed pipette 10 cm long was sterilized separately. Pipette segment was inserted into
the conical rubber plug (4). Thin layer of basalt wool was inserted in the pipette nozzle. Melted 2%
agar saturated by KCl was poured into trimmed pipette and a thin silicone tube (5) was immersed in
the agar. The tube with KCl (saturated solution) was worn on the end of the chlorine-silver electrode
(3). Layer of basalt wool held saturated with KCl agar in the pipette. Dipping rubber plug into the agar
at a distance of 0,5 – 1,0 cm from the end of the pipette excluded the possibility of free-flowing KCl
solution from the reference electrode in the cultivator. These operations provided sterile measuring of
pH and Eh, as well as free electrolytic connection of electrode pairs for the pH and Eh measurement.
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Measuring electrodes and rubber cover were sterilized by immersing them in perhydrol (33% 2 2
solution) for 10 - 15 minutes. The electrodes were wiped with sterile filter paper and dried in a stream
of warm air around the gas burner after getting out of perhydrol. Cultivator with electrolyte bridge was
sterilized by autoclaving before the experiment. Thereafter sterile medium was added to cultivator (9)
and heated to remove O2. Without stopping cultivator boiling was injected with long needle which
supplied with sterile argon current (into a needle cannula sterile layer of basalt wool is inserted). The
medium was cooled on a water bath. Measuring electrodes were consistently introduced into the
cultivator. Cultivator was injected through rubber plug of the sampler (14) with a thin needle which
flow argon at a pressure of 0,5 atm through a layer of sterile basalt wool.
External tubes were sealed with samplers (6) or conical rubber plugs (7). The sampler is a glass tube
(12) threaded at the throat. Metal clip (13) pressed tightly a flexible plug to the throat of sampler.
Cultivator with a liquid medium was held for one day in a thermostat (t = 36 °C) for sterility check.
Then the inoculum and was added to the medium by injection through a plug. Mass transfer in the
cultivator was provided with a magnetic stirrer (11) which rotated ferromagnetic in a glass capsule
(10) in the medium. The gas phase composition, optical density of the culture liquid was determined
every hour. The measuring cell provided anaerobic growth conditions for at least 14 days.
2.12. Module pilot plant
The dynamics of microbial metal waste water purification was investigated in a "module pilot plant"
(MPP) in a flow mode (Figure 8). The MPP consists of the following units: centrifugal pump for
supplying waste water in the storage tank (1 cub. m), flow dispenser, module 10 cub. dm (5 kg). The
module is divided by partitions with holes into 10 sections.
3. RESULTS AND DISSCISSION
3.1. Thermodynamic prognosis of microbial chromate reduction
We considered the example of thermodynamic prognosis of the new microbial biotechnology, which
allows simultaneously the environmentally hazardous polymeric organic waste destroying and the
metal-containing wastewater cleaning. The technology is based on coupled reaction of glucose
oxidation and chromate reduction by microorganisms.
In anaerobic conditions microorganisms hydrolyse organic polymers compounds to carbohydrates and
ethanol. Further carbohydrates are fermented to 2 and
2. Fermentation of carbohydrates occurs
with low potential catabolic enzymes (hydrogenases and dehydrogenases), which creates in a culture
liquid very low redox potential – 400 ... – 420 mV (Gottschalk 1986). We shown the falling down of
redox potential to – 400 mV in the process of glucose fermentation by culture of Clostridium
lituseburense (Fig. 2).
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Fig.2. Glucose fermentation by Clostridium lituseburense: H2 synthesis, Eh reduction to – 400 mV, 1
– Eh, mV; 2 – D, optical density units; 3 – H2 volume, %; 4 – pH; 5 – CO2 volume, %.
Redox potential of reducing chromate to chromium hydroxide(III) is +555 mV at pH 7,0 (Figure 3,
Equation 5). Obviously, chromate is a high-potential oxidizing agent towards dehydrogenases and
hydrogenases.
Potentials difference between the donor and acceptor reaction in 100 mV leads to nonspecific reducing
of acceptor. Difference of potentials in the 955 mV is to ensure fast and efficient reducing of chromate
by anaerobic microorganisms (Gottschalk 1986).
Suggested model of microbial chromate reduction can be quantitatively substantiated by the method of
thermodynamic prognosis.
Lets consider the thermodynamic prognosis of microorganisms’ metabolic pathways and their
interaction with chromium compounds. For this purpose we used the diagrams of elements stability in
aqueous solutions in the coordinates "pH-Eh» by Pourbaix (Pourbaix 1963) (Fig. 3).
There are determined by thermodynamic properties of water limitations for energy metabolism of the
microorganisms. Thermodynamic stability of the water zone is in the range of Eh = – 414 ... +814 mV
(pH = 7,0). This zone is limited by two redox reactions:
2+

2

2

+

+2

4
2,

+

Eo` = + 814
Eo` = – 414

(reaction a)
(reaction b)

Water is a reducing agent and is oxidized to O2 in the first case (reaction a). In the second case the
proton of water is an oxidizing agent and is reduced to H2 (reaction b).
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It follows that the energy metabolism of microorganisms is possible only in the zone of the
thermodynamic stability of water (Fig. 3. Zone 2). Microorganisms can interact only with those
compounds that are in the zone of water thermodynamic stability.
Consider the thermodynamic properties of chromium compounds and determine which of its redox
forms are in the zone of water thermodynamic stability and available for the transformation by
microorganisms (Fig. 3). In aqueous solution the chromium compounds can be stable in the following
redox forms: Cr(VI), Cr(III), Cr(II) Cro. The redox potentials of chromium compounds reduction are
both in the zone of sustainability of water (Zone 2) and outside of it (Zone 1 and Zone 3). Highpotential compounds of Cr(VI), such as H2CrO4, HCrO4– are strong oxidants. Their potentials are
located in Zone 1, i.e. outside of zone of water thermodynamic stability (Figure 3, reaction of 1 and 2).

Figure 3. Thermodynamic prognosis of microbial reduction of chromium compounds
Note: a (upper) and b (lower) - limits of the thermodynamic stability of water;
:

2+4

b: 2

+

+

+2

=2

2

h =1,228–0,0591.

- 0,0295.lgPH2;

2

h = 0,000 – 0,0591.

- 0,0591.lgPH2

Obviously, they are powerful oxidants and disinfectants towards microorganisms, and lead to
irreversible oxidation of enzymes and structural components of cells. Therefore H2CrO4 and HCrO4–
are actually unavailable for energy metabolism of microorganisms. Contact of microorganisms with
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these compounds leads to the inevitable, immediate death of microorganisms. Unable to be reduced by
microorganisms chromium compounds (according to the thermodynamic prognosis) are in zone 3.
Redox potentials for reduction of Cr(III) compounds are in the range Eh = – 420 ...– 910 mV, i.e. far
outside the zone of water stability (Figure 3, reactions 6-8). For most low potential catabolic enzymes
(hydrogenases and dehydrogenases) Eh is in diapason – 400 ...– 420 mV (Gottschalk 1986). It is clear
that the electron transfer from the dehydrogenases with potential – 400 mV to Cr(OH)3×nH2O with
the potential of reduction – 900 mV is impossible. Therefore microorganisms can not reduce the
Cr(III) to Cr(II), and furthermore – to Cr o. According to this, microorganisms can interact only with
those compounds of chrome, whose potentials are in zone 2, i.e. inside zone of thermodynamic water
stability. Thermodynamic properties of chromium compounds (Fig. 3) give the possibility to choose
the optimal reaction, which leads to chromate removing from solution by microbial metabolism.
Inside zone of water stability there are three reactions of Cr(VI) compounds reductions (Figure 3,
reaction 3, 4, 5). They are described by the following equations:
Cr2O72- + 8H+ + 6e = 2Cr(OH)3 + H2O (3)
Cr2O72- +14H+ + 6e=2Cr3+ +7H2O (4)
CrO42- + (n-1)H2O + 5H+ + 3e = Cr(OH)3.nH2 (5)
The main task of purification is removing chromium compounds from a solution (i.e., transfer
chromium compounds to an insoluble form). Therefore, the reaction 4 can not be used for removing
chromium from solution because in this case chromate reduces to soluble cation Cr 3+. As it shown on
Figure 3, Cr3+ cation is stable in acidic conditions (pH = –1,0...4,0). It follows that the microbial
reduction of chromium compounds (Cr 2O72– and CrO42–) should be carried out at pH > 5,0. Under
these conditions the chromate is removed from solution in accordance with equations 3 and 5 with
formation of insoluble hydrated chromium hydroxide(III), – Cr(OH)3.nH2 . Microorganisms during
substrate (electron donor) oxidation form a flow of reducing equivalents which reduce chromate to
insoluble chromium hydroxide(III). Therefore, the metabolic active microorganisms serve as an
electron donor and chromate as an acceptor. Obviously, the reduction will occur with maximum
efficiency and rate since maximum potential difference between the donor and the electron acceptor.
Lowest redox values are known for the anaerobic fermentation of carbohydrates (polymers and
monomers). During the starch and glucose fermentation Eh decreases almost to the theoretical
allowable values: – 350…– 400 mV at pH 6,2 (Figure 2). For the acceptor reaction CrO42- + (n-1)H2O
= 7,0). Potential difference between the
+ 5H+ + 3e = Cr(OH)3.nH2 , potential h = +555 mV (
donor and acceptor reactions Eh = Ehacceptor – Ehdonor = +555 mV – (–400) mV = 955 mV. Hence fast
and effective chromate removal from solution is available at the neutral pH. Thus, we have shown that
the thermodynamic prognosis allows the simultaneous occurrence of two processes. The first one is
fermentation of polymeric organic compounds. The second is the reduction of chromate to insoluble
compounds. These two processes are presented in the form of an integrated scheme:
Polymer

hydrolysis Monomer

(starch)

(glucose)
fermentation

CrO42–
Cr(OH)3.nH2O

3e

+

2

2

2

+

Fig. 4. Scheme of simultaneous polymer fermentation and chromate reduction.
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The combination of the two processes can both destroy environmentally hazardous organic
compounds and remove toxic chromate from the solution simultaneously. This approach is universal.
Redox reaction also ensures removing from the solutions other high potential metal-oxidizers such as
copper and mercury. Thus, for the reaction
Hg22+ + 2 e = 2Hgo
redox potential h = +790 mV (pH = 2,0).
For the reaction of Cu2+ reduction to insoluble Cu(I)
2Cu2+ + H2O + 2e = 2H+ + Cu2
redox potential h = +390 mV (pH = 7,0) (Pourbaix 1963).
Therefore, creating the potential – 300...– 400 mV at the organic fermentation leads to a
thermodynamically inevitable reduction of both Hg22+ and Cu2+ to insoluble compounds. There are
three obligate conditions for the powerful synthesis of reducing equivalents.
Here is the list of these conditions:
1. high substrate concentrations;
2. high concentration of microorganisms;
3. variety of physiological groups of microorganisms.
The substrates serve as electron donors for reducing of metals-oxidizers to insoluble compounds.
Water-insoluble organic polymers must be used as the substrate according the following reasons:
1.Polymers insoluble in water, so they, in contradiction to soluble substrates (e.g., glucose), do not
inhibit the growth of microorganisms at the high concentrations.
2.Insoluble polymers provide prolonged metabolic activity of association as they are hydrolyzed by
microorganisms gradually according to their consumption.
3.Polymers serve as substrates for the microorganisms’ immobilization, which promotes the microbial
biomass accumulation and improves the metals reduction.
Concentrated biomass of microorganisms creates a strong flow of reducing equivalents during the
substrate fermentation. A variety of physiological groups of microorganisms ensures simultaneous
fermentation of various classes of organic compounds in the form of monomers, oligomers and
polymers. Finally, the physiological diversity of microorganisms allows providing the majority of
theoretical mechanisms of microbial metals removing from aqueous solutions. These include the
physical and chemical sorption, reduction to insoluble forms, sorption by the cell walls, accumulation,
and precipitation of metals by microbial exametabolites.
All these necessary conditions occur in our granular microbial preparation - microbial biocatalyst
(MBC). The MBC consist of microorganisms, carbon and energy sources, phosphorus, nitrogen, etc.,
as well as compounds which keep the granules of MBC in the stable form in water solutions
(commercial "know-how"). Biocatalyst microorganisms are presented by mixed microbial
communities (MMC). The composition of MMC includes communities of digested sludge, activated
sludge, poultry and cow manure. Obviously, integration of microbial associations provides
simultaneous fermentation of wide range of organic compounds (protein and carbohydrate polymers).
Simultaneous fermentation of a wide range of organic compounds creates a powerful flow of reducing
equivalents required for the effective microbial reduction of metals-oxidizers (CrO42-, Hg22+, Cu2+).
The removal efficiency of metal-oxidizers also increases due to the high concentration of
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metabolically active cells in the MBC granules. The total cell number in MBC granules is
n×106…n×107 per 1 gram of absolutely dry weight (Table 1).

Group of microorganism

Electron donor

Electron
acceptor

Cell quantity in 1
gram of MBC

1

ammonifying

protein

O2

7,0 107–8,1 107

2

spore-forming

protein

O2

8,6 105–1,2 106

3

denitrifying

organic acid

NO3–

3,0 104–5,0 104

4

sulfate-reducing

organic acid

SO42–

6,4 105–1,0 106

5

cellulosolythic

cellulose

–

2,5 106–3,9 106

Tab. 1. The total cell number of different physiological groups of microorganisms in the MBC and
electron donors and acceptors characteristics.
Thus, we have theoretically grounded the necessary and sufficient conditions for the universal
microbial technology of environmentally hazardous organic waste fermentation and purification of
metal containing waste water. We tested the effectiveness of biotechnology on model and industrial
wastewater containing Hg2+, CrO42– and Cu2+.
3.2. Purification of mercury-containing waste water by MBC preparation.
To investigate the interaction patterns of MBC with mercury compounds, we used a standard solution
of Hg(NO3)2 with 1000 ppm Hg2+. Redox potential Eh = +920 mV at pH = 2,0 in the standard solution
of mercury. Therefore, to obtain parameters of MBC metabolic activity in the control, i.e. without
Hg(NO3)2 , acidic condition were created as well (pH = 2,0) using dilute HNO3. In the experiment and
in the control the weight ratio of MBC and the solution was 1:40. In the control microorganisms
carried out fast correction (auto regulation) of redox potential and pH in the medium (Fig. 5).
During the first six hours of cultivation redox potential decreased from +500 to – 300 mV and further
practically did not change. The pH in two hours increased from 2,0 to 6,0 and hereinafter was
practically constant. After increasing pH to 6,0 microorganisms started to grow. The optical density of
the solution increased from 0,0 to 0,3 optical density units in the period from 6 to 36 hours of
cultivation. The findings suggest the potential use of the MBC in the highly acidic conditions.
The interaction of MBC microorganisms with Hg2+ at 1000 ppm is shown at Figure 6. First of all it
should be noted that the MBC microorganisms capable to proliferate in a concentrated solution of
mercury. Growth of microorganisms was observed in the period from 24 to 72 hours of cultivation.
The change of culture optical density (biomass increase) shows three phases of growth. The first (A) is
lag phase, the second (B) is phase of logarithmic growth, and the third (C) one is stationary phase.
Accumulation of mercury by microorganisms was observed in all three phases of growth.
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Fig. 5. Metabolic activity of MBC without Hg2+ (control).1 – Eh, mV; 2 – pH; 3 - D, optical density units.
In the A phase microorganisms removed from a solution 74% of Hg2+, in phase B – 88%, and finally
in phase C – 100% mercury. Obviously, the mercury recovery in phase A took place due to physicalchemical adsorption, since there was no growth of microorganisms. However, further removal of the
mercury was due to the metabolic activity of microorganisms. This was indicated by biomass growth
and reducing the redox potential in the phases B and C. Expressed microbial auto regulation effect of
physical-chemical parameters in phase A should be noted. Thus, microbial growth started only after
reducing the redox potential to +240 mV and the pH increase from 2,0 to 6,0. Thus, granular MBC can
be used to purify highly toxic metal wastewater. The final concentration of mercury in solution was 1
ppm. Accordingly, the degree of extraction of mercury was R = 99,9%, and Kd = 35664. These data
demonstrate the high efficiency of purification of the concentrated mercury-containing solution by
granular MBC.
3.3 Purification of the model chromate-containing water by MBC preparation
Next, we have demonstrated the effectiveness of applying MBC for model chromate-containing
wastewater purification. The results are shown in Fig. 7. In the experiment we used a solution
containing 200 ppm of CrO42– in distilled water. Thermodynamic calculations (Fig. 3) show that the
efficiency of chromate reduction to insoluble chromium hydroxide(III) is proportional to the potential
difference between the donor and acceptor (CrO42–) systems (Pourbaix 1963). Metabolically active
bacteria (electron donors) provide very low values of the redox potential (Eh = – 300 ... – 400 mV).
Therefore, to create a maximum potential gradient chromate was added into the solution already
containing metabolically active microorganisms. Granules of MBC were filled with distilled water to
start the metabolism of microorganisms. During the first four hours Eh decreased to – 390 ... – 400
mV. Furthermore, in the fourth hour of cultivation H2 concentration in gas phase was 40%. Thus, after
4 hours MBC microorganisms were in a phase of metabolic activity, and created low redox potential
and flow of reducing agents.
Therefore chromate solution was added to the cultivator to a final concentration of 200 ppm of CrO42–.
As it was expected, the high-potential anion CrO42– immediately began to reduce by microorganisms.
Redox enzyme systems actively reduced CrO42– and redox potential rose to +190 mV. Naturally, the
synthesis of hydrogen at such a high potential stopped. Metabolically active bacteria completely
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reduced chromate in two hours after its injection into the culture fluid. Reducing the chromate
concentration was followed by a correlative redox potential reduction. After full reducing of chromate
to insoluble Cr(OH)3×nH2O and decreasing the potential to – 390 mV hydrogen syntheses resumed. So
metabolically-active MBC quickly and efficiently reduces chromate in high concentrations to the
insoluble chromium hydroxide(III) and thus completely purified the model waste water.

Fig. 6. Metabolic activity of the MBC while removing Hg2+ from solution. 1 – Eh, mV; 2 – pH; 3 concentration of Hg2+ in solution, ppm; 4 - D, optical density units (biomass growth). A, B, C - zones
of MBC microorganisms’ metabolic activity.
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Fig. 7. Reduction of CrO42– by MBC and metabolic parameters of the microorganism during the
chromate removing from the model wastewater; 1 – Eh, mV; 2 – pH; 3 – H2, %; 4 – gas volume, ml;
5 – CrO42– concentration, ppm.
3.4. Purification of galvanic wastewater by MBC preparation
Furthermore, we showed the efficiency of MBC for the industrial cromate waste water (CWW) at
galvanic manufactory treatment. Pilot-scale tests were carried out at the "Municipal Engineering" plant
(Kyiv, Ukraine). These CWW are typical for galvanic production. They contain chromate (50-70 ppm
is 6,8…7,2,
CrO42–), trace concentrations of Zn2+, Cu2+, NaOH, Na2CO3, Na3PO4 and others. The
Eh = + 450…+470
. Purification of CWW by microbial biocatalyst was performed on a module
pilot plant (MPP). The MPP consists of the following units: centrifugal pump for supplying waste
water in the storage tank (1 cub. m), flow dispenser, module 10 cub. dm (5 kg). The module is divided
by partitions with holes on 10 sections. One cub. dm of MBC was in each section.
The effectiveness of wastewater treatment was determined by flow rate, concentration of CrO42–,value
of the redox potential along the length of the module, and "coordinate of analytical zero" (CAZ). Index
CAZ represents a linear coordinate along the length of module, wherein the chromate concentration is
zero. Purification of CWW was performed in steady state and flow modes. In steady state mode
module with dry granules was poured with waste water. Microorganisms adapted to CrO 42–and
reduced it to an insoluble hydroxide chromium(III). Time of adaptation was four days at 50 ppm of
chromate. After the reduction of the chromate concentration to analytical zero, the module was
switched to a flow mode. The flow rate was gradually increased, but only after chromate concentration
decreased to zero at least in the ninth section. In this case, CAZ is 0,9 meters by 1,0 meters length of
the module. Initial flow rate was 6 liters/day. Flow rate gradually increased to 200 liters/day.
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Fig. 8. Scheme of the module pilot plant (MPP)
Figure 9 shows the relation of the chromate concentration along the length of the module with the Eh.
Chromate concentration is zero at the point A (CAZ = 0,6 m) when Eh = – 100 mV.

Fig. 9. Change of the redox potential and the chromate concentration by the module length; 1 concentration of Cr(VI), ppm; 2 - Eh, mV (pH 6,5 – 7,6); 3 – 0,1 ... 0,3 ... - distance from the point of
flow supply in the module.
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Data show that decreasing of the redox potential correlates with a decreasing of chromate in solution.
Chromate is absent in solution when Eh – 100 mV (analytical zero by DPC). Thus, the gradient of
the redox potential along the length of the module is a reliable quantitative index of CWW treatment.
Chromate is absent when Eh = – 100 mV. The main technological parameters of CWW treatment are
following. Calculated integral biocatalyst sorption capacity of MBC is 500 mg CrO42– for dry weight
granulated microbial preparation. Thus, the efficiency of technology is close to 50%. Formation of
bright blue precipitate of chromium hydroxide(III) on the surface of MBC granules shows the
effectiveness of CWW treatment by microbial biocatalyst as well. Microorganisms so intensely
reduced chromate that on MBC granules a bright blue thick crust of chromium hydroxide formed
(Figure 10). The maximal precipitation of chromium hydroxide(III) took place in the first section of
module.
This data show the possibility of valuable non-ferric metals obtaining with our biotechnology.

Fig 10. The precipitation of blue chromium hydroxide (III) on microbial granules; 1 – MBC granules;
2 – bright blue thick crust of chromium hydroxide.
3.5 Copper waste water treatment by metal resistant culture Brevibacterium antarcticum
These data suggest that unadaptated microorganisms can provide effective purification of metal
containing waste water. However, it is obvious that the efficiency of the process can be significantly
improved by using resistant to ultra-high concentrations of toxic metals microorganisms. During the
systemic investigation of the structure and function of Antarctica microbial communities we isolated
dozens of resistant to high concentrations of the most toxic metals strains (Tashyrev 2009). For
example, metal resistant culture Brevibacterium antarcticum was isolated. B. antarcticum is resistant
to Cu2+, Co2+, Ni2+, CrO42– in the concentration range of 300 ... 1000 ppm of metal ions. This culture is
hemoorganotrophic and during the substrate fermentation reduces metal-oxidizers to insoluble
compounds. Potato waste was used as a substrate and Cu 2+ was used as representative toxic metal for
modeling the biotechnological process of wastewater treatment. Model waste water was purified in
MPP (Fig. 8). Initial copper concentration was 325 ppm of Cu2+. Potato cubes were added in sections
1-7. In sections 8 – 10 was placed capron fiber. Both potato and capron fiber served as substrates for
B. antarcticum cells immobilization. Plant was converted into a flow regime after 24 hours of
adaptation. The flow rate of the waste water was 1,2 liter/hour. During purification the copper
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concentration was reduced in 3250 times (from 325 to 0,1 ppm of Cu2+). Therefore, metal resistant
microorganisms are the most suitable for purification of metal containing waste water from toxic
metals.
The development of our technology can simultaneously achieve four positive effects. The first positive
effect is the destruction of hazardous organic solid waste (potato). The second one is the toxic waste
water purification. The third is valuable copper concentrate (Cu2 ) obtaining. And finally, the fourth
effect is clean water for technically closed production cycles obtaining.

Fig. 11. Module pilot plant for copper wastewater purification by culture B. antarcticum.
3.6. Bioprospecting: extreme ecosystems as a source of metal resistant microorganisms for
environmental biotechnologies
On the example of metal resistant microorganisms from Antarctic ecosystems we have shown that
bioprospecting (isolation of metal resistant microorganisms) is a very promising direction for the
environmental biotechnologies development. Hence systematic screening of microorganisms in
extreme ecosystems should be provided for the technologically perspective strains isolation. So we
investigated the presence of metal resistant microorganisms in the soil of Negev desert (Israel) and salt
marshes of Pomorie (Bulgaria). To isolate metal resistant microorganisms we found the optimal
concentration of carbon sources and the maximum permissible concentration (MPC) of toxic metals.
We tested the toxic metals with known mechanisms of microbial damage as a representative. They are:
- metals-oxidizers (CrO42–),
- metals-substitutes (Ni2+, Co2+),
- metals with combined effect (that have the properties of metals-oxidizers and metals-substitutes such
as Hg2+, Cu2+).
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Fig.12. Representative strains from Negev desert soil (Israel).
For hemoorganotrophic microorganisms of soil Negev the following MPC were found: 1300 ppm Cu2+
(1 strain), 1000 ppm CrO42– (5 strains), 20 ppm Ni2+ (6 strains), 15 ppm Co2+ (5 strains) and 10 ppm
Hg2+ (4 strains).
Metal polyresistant strains were isolated from the soil of the Negev desert. Thus, the three
representative strains, i.e. typical for the soil Negev ecosystem, are able to grow at 1300 ppm Cu2+,
two – at 500 ppm Ni2+, two – at 700 ppm CrO42– and two strains grow even at 40 ppm Hg2+.
Metal resistant microorganisms were isolated from Pomorie salt marshes as well. For these strains
MPC were estimated: 300 ppm Cu2+, 500 ppm CrO42–, 100 ppm Ni2+ and 10 ppm Hg2+. A
representative of the salt marshes Bacillus subtilis is resistant to 500 ppm Cu2+.
So it is obvious that resistant to the most toxic metals microorganisms are widespread in extreme
ecosystems. That’s why extreme ecosystems are the reliable source of microorganisms perspective for
metal wastewater purification biotechnologies.
4. CONCLUSION
1. We developed a method of thermodynamic prognosis of microorganisms with xenobiotics
interaction. This method creates a theoretical basis for the maximally effective environmental
biotechnologies.
2. The confirmation of two processes was experimentally demonstrated: the destruction of
environmentally hazardous organic waste and withdrawing of the most toxic metals from model
and industrial wastewater.
3. Due to these biotechnologies it possible to obtain commercially valuable products - concentrate of
non-ferric metals and ecologically clean water.
4. Extreme ecosystems serve as the reliable source of metal resistant microorganisms for
development of new high efficient environmental biotechnologies.
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Abstract
Mulberry growing is common in all regions of Turkey but growing of blackberry limited. Recently,
adaptation and selection researches on domestic and foreign blackberry cultivars in some cities have
started and positive results were obtained. In this study, viability, germination and some
morphological properties of pollens of white mulberry (Morus alba L.), black mulberry (Morus nigra
L.) and blackberry (Rubus fruticosus L.) grown in Korkuteli, Antalya-Turkey were determined.
Potassium Iodine (IKI) and 1% 2,3,5-triphenyl tetrazolium chloride (TTC) stain tests were used for
viability of pollens and germination of pollens were made in 5% agar containing 10% sucrose and
0.01% boric acid. Some morphological properties of pollens such as pollen dispersal unit, symmetry
positions, pollen size, pollen shape, pollen aperture number and pollen pore shape and type were also
evaluated. The highest pollens viability from TTC and IKI stain tests were determined in white
mulberry with 58.12% and 51.42%, respectively. Results of germination rate were the same with
viability of pollens in species. The highest germination rate was occurred in white mulberry with
63.26 and black mulberry and blackberry were followed with 53.02% and 46.78%, respectively.
Key words: Blackberry, mulberry, pollen, flower
1. INTRODUCTION
Berry fruits, have wide spread on the world are grown in bad conditions that many other species are
not grown. Although berry fruits were generally grown in temperate zone regions, they were grown on
high mountain ridges and plateau in warm regions (A ao lu, 1986). In addition to the use fruits of
mulberry for various purposes, mulberry has great importance for silkworm cultivation in Turkey
(Gökmen, 1973). Mulberries are grown almost everywhere in the Turkey but, wild blackberry types
were mostly spread in the Marmara Region of Turkey.
The mulberries are a gendered tress in terms of flower structure and species may be either monoecious
or dioecious, depending on whether male and female flowers occur on the same plant (monoecious) or
on separate plants (dioecious). Male and female flowers occur in axilary bud of leaves of a new
shoots on one-year old shoots. Female flowers has stalk and they are gathered on the greenish and
cylindrical axis as a cluster. Each drupelets of cluster has four sepals and two female organs. Stigma
has thin hairs, style is too short or not available. The male flowers located on an axis as cluster.
Stalked each male flower has 4 male organs (Gökmen, 1973).
Colors of blackberry flowers vary white to red. Flowers are 2 cm in width and have a cluster
containing a large number of flowers. Male organ is little shorter than female organ. Sepals are united
and they are formed a single calyx. The flowers have some difficulties in fertilization since they have
genetically polyploidy. Therefore fertilization capacity must be well known cultivated cultivars
(Güleryüz, 1977).
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Some factors such as pollen amount, viability, germination rate has important features on fertilization
and fruit set in a fruit type (Özbek, 1977). Therefore, reliable information about the cultivars is to be
obtained by the pollen viability and germination tests under laboratory conditions (Eti, 1991).
rlak and Güleryüz (1997) determined viability and germination rates of pollens in Ribes aureum,
Ribes petraeum, Ribes rubrum and Ribes nigrum with by TTC, IKI and safranin tests.
Pollen viability, germination, uniformity and production quantities experiments were done in many
fruit types, but number of these experiments on mulberry and blackberry were limited. For this reason,
in this experiment, some morphological and physiological properties of pollens of blackberry and
white and black mulberry types were searched by stain and in vitro germination tests and results of the
methods were compared to find suitable one.
2. MATERILAS AND METHODS
This research was conducted in physiology laboratory of Department of Horticulture, Akdeniz
University. Blackberry (Rubus fruticosus L.) pollens from wild types and mulberry (Morus alba L.
and Morus nigra L.) pollens were collected from cultivated types. Morphological features of pollens
were evaluated according to the Straka (1975). Pollen dispersal unit, symmetry positions, pollens size,
pollens shape, pollen aperture number and pollen pore shapes and types were searched. Levels of
viability of pollens were determined according to Stanley and Linskens (1974) with 1% TTC and
Gatenby and Beams (1950) with IKI tests. The pollens were germinated in agar containing 10%
sucrose and 0.01% boric acid in petridishes (Charles and Harris, 1972). The pollens were incubated at
25 Co, stained 2 hours later to determine viability and germinated pollens were counted 24 hours later.
Viability and germination was determined ten different zones in petridishes and than viability and
germination rates were calculated. Analyses were repeated five times.
3. RESULTS AND DISCUSSION
Some pomological pollen properties of white mulberry, black mulberry were found as followed;
pollen dispersal unit is monad, symmetry positions is isopolar-symmetric. Pollen shape of white and
black mulberry and blackberry was determined as oblat and suboblat, respectively. Shape of pollen
pore was found as colporat in blackberry and porat in white and black mulberry. Pollen aperture
number was identified 7 (politrem) in white and black mulberry which belong to Moraceae family and
in blackberry 3 (tritrem) which belong to Rosaceae family. The large pollen size was in white
mulberry and pollen size changed between 62.10 mµ and 69.28 mµ. The smallest pollen size was in
blackberry and pollen size changed between 22.10 mµ and 33.52 mµ (Table 1).
The highest viability rate in TTC and IKI tests was obtained in white mulberry with 58.12% and
51.42% respectively. Viability rate was ranked high to low as white mulberry, black mulberry and
blackberry in both stain tests. Blackberry pollens were shown lower viability rate from mulberry
pollens in TTC and IKI tests. P rlak and Güleryüz (1997) was obtained pollen viability by TTC test
with 50.53% in Ribes nigrum and 47.33% in Ribes rubrum.
The highest pollen germination rate was in white mulberry with 63.26% and it was followed by black
mulberry with 53.02% and blackberry with 46.78% respectively. TTC test and pollen germination was
showed close relation in white and black mulberries whereas IKI test was given close relation in
blackberry (Table 2).
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Table 1. Some morphological properties of pollens of mulberry and blackberry.
Pollen criteria

Blackberry

White mulberry

Black mulberry

Monad

Monad

Monad

Pollen dispersal unit
Symmetry positions

Isopolar

Pollen size

Medium
22.1033.52 mµ

Pollen shape
Pollen
number

aperture

Pollen pore shapes
and types

symmetric

Isopolar

symmetric

Large

62.10-

Isopolar

symmetric

Large

59.23-

69.28 mµ

65.46 mµ

Suboblate

Oblate

Oblate

3 (tritrem)

7 (politrem)

7 (politrem)

Colporat

Porat

Porat

Table 2. Pollen viability and germination rate of blackberry and mulberry.
Fruit Types

Viability test

Germination rate

TTC (%)

IKI (%)

(%)

White mulberry

58.12

51.42

63.26

Black mulberry

54.66

50.27

53.02

Blackberry

42.16

45.52

46.78

4. CONCLUSION
The results indicate that mulberry and blackberry have to be some similar pollen properties as pollen
dispersal unit and symmetry positions although they have belong to different families. On the other
hand many pollen properties of mulberries were found different than blackberry such as pollen size,
pollen shape, pollen aperture number and pollen pore shape and types. A close relation was
determined between pollen viability and pollen germination. TTC test was given best results for
mulberries but IKI test for blackberries in terms of pollen viability and germination relations.
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PRODUCTIVITY OF WINTER WHEAT AND MAIZE AS AFFECTED BY WEATHER
CONDITIONS AND NITROGEN NUTRITION
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Lithuanian Research Centre for Agriculture and Forestry, Instituto al. 1,
Akademija, Kedainiai district, Lithuania, E-mail address: virmantas@lzi.lt

Abstract
The field experiments with winter wheat were conducted at the Lithuanian Research Centre of
Agriculture and Forestry in 2007 – 2009, and whit maize in 2010 – 2012. In field experiments winter
wheat and maize leaf area, biomass and grain yield was measured with a view to interconnect
fertilization with nitrogen as well as water availability status. Our study suggest that under Lithuanian
climate conditions water availability plays an important role in the formation of grain yield; however,
nitrogen nutrition is a major limiting factor of concern, specially under law input management.
Key words: leaf area, photosynthetic potential, grain yield, water stress, model DSSAT.
INTRODUCTION
Winter wheat (Triticum aestivum L.) is C3 cereal plant, one of the major crops in Lithuania and in the
world. Maize (Zea Mays L.), C4 plant, is one of dominating crops in the World. The total area under
winter wheat in Lithuania in 2011 was 275 thousand hectares and under maize for silage and green
fodder was 21 thousand hectares and for grain 9.6 thousand hectares (Statistical yearbook….2012). In
2011, winter wheat grain yield amounted to 3.32 t ha -1 on average. Maize was introduced to Lithuania
in 1950 as silage crop; however, nowadays a number of short season varieties for grain production
suitable for Lithuania climate conditions are available in the market. The further increases in ambient
temperature accelerate the rate of plant development, allowing maize to complete its phenological
stages in shorter periods of time and to consider growing of medium season varieties in Lithuania. The
yield of maize biomass for silage and green fodder was 33.0 t ha-1 in 2011. There was an increase of
area of maize for grain 6 times from 2005 and the grain yield of maize increased too – from 3.08 t ha-1
in 2005 to 7.48 t ha-1 in 2011. Experiments in climate chambers conducted with barley, pea, red
clover, timothy, tomato, radish and soybean showed that a number of factors related to climate change
can have significant impact on crop productivity (Juknys et al., 2011).
The reasons of low realisation of yield crop potential are not always clear and lack of objective criteria
complicates decisions regarding management intensity. Water and nitrogen are the main factors
conditioning utilisation of crop yield potential (Nangia et al. 2008; Pala, et al. 2007). Nitrogen
nutrition is especially important yield formation factor in the northern temperate climate zone, where
excess of moisture supply is typical and crops rarely suffer from shortage of moisture. However, in
Lithuania climate change causes more frequent invasions of tropical air masses which results in
increasing probability of dry spells and incidence of crop water shortage stress. Drought stress caused
by soil and atmospheric water deficiency is one of the most significant environmental factors affecting
plant growth and productivity worldwide. The reactions of the plants to water stress differ
significantly at various organizational levels depending upon intensity and duration of stress as well as
plant species and its stage of development (Chaves et al., 2003). C3 and C4 plants have evolved in
different climates and consequently differ from each other structurally and functionally as well as for
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their climatic requirements (Nayyar, 2003), C3 plants are believed to have a temperate origin, C4
plants have evolved in tropical and arid environments (Ward et al., 1999). C4 plants are reported to be
better adapted to water stress and have superior water use efficiency than C3 plants (Vitkauskait ,
Venskaityt , 2011).
Crop simulation models, intensively elaborated during the last decades, turned into handy tools for
estimating likely effects of interactions of climate, soil and management on yield and its development,
simulation of processes in the system atmosphere – plant – soil (Naud et al., 2008). Different models
have been developed for a variety of purposes in agriculture (Brisson, et al., 2004; van Ittersum et al.,
2003). The DSSAT model has been widely used in the world for simulation of yield and parameters of
main plant growth processes (Eitzinger et al., 2003). The model relatively well simulated grain yield in
the countries under temperate climate zone of the Central Europe – Czech Republic, Hungary (Trnka
et al., 2006a; Holden, Brereton, 2006). The results of model yield simulation performance in the
northern regions are controversial. The model simulated the yield with lower accuracy under condition
of North-Germany (Langensiepen et al., 2008). There is limited experience in Lithuania of application
of models in agronomic research, and modelling in studies of agroecosystems’ productivity has been
applied only fragmentary (Ivanauskaite et al., 2012). The model DSSAT v4.0.2.0 was used for spring
barley and winter wheat yield and water stress simulation under middle Lithuania climatic conditions
(Povilaitis et al., 2008; Lazauskas et al., 2012).
Lithuania lays in the zone of interaction of the cool littoral and humid continental air masses
(Maracchi G. et al. 2005) and this situation suggests higher variation in cereal yield formation and
yield potential realisation level. The aim of this article is to explore the aspects of productivity
formation of maize and winter wheat, grown under different fertilization intensity on an EndocalcariEpihypogleyic Cambisol in the northern latitudes of temperate climate and to assess the suitability of
DSSAT v4.0.2.0 model for the simulation of water stress simulation.
MATERIAL AND METHODS
Experimental site. The field experiments with winter wheat were carried out at the Institute of
Agriculture, LRCAF, K dainiai distr., in Valinava long-term experiment (55.22° N, 23.51° E) in 2007
– 2009. This experiment was established in 1991 by A. Bu ien (Bu ien et al., 2007). The
experimental site is situated on the terrace of the Dotnuvele River and occupies 4.4 ha. The prevailing
soil is light loam, Endocalcari – Epihypogleyic Cambisol (CMg-p-w-can), carbonates are at 40 – 60
cm depth. Soil pH – 7.2, Content of total N – 0.18 %; available phosphorus (P2O5) – 151 mg kg-1,
available potassium (K2O) – 119 mg kg-1.
Description of field experiments. Winter wheat (Triticum aestivum L.) ‘Ada’ was grown in a crop
rotation typical of Middle Lithuania: spring barley intercropped with red clover, red clover, winter
wheat and spring rape. Crops were grown under different levels of intensity: a) conventional, and b)
organic. Agroecosystems were repeated twice in space, each occupied approximately 786 m2 (32.2 m
long, and 24.4 wide) and contained 6 sub-plots (44 m2 – 20 m long, 2.2 m wide).
Winter wheat in conventional agroecosystem were applied with herbicides, fungicides and insecticides
and in organic system were grown without application of industrial fertilisers and plant protection
measures. In conventional system, winter wheat was fertilised with N 110P90K140 for a target yield of 6 –
7 t ha-1 yield. Winter wheat was sown in the middle of September at a density of 400 kernels m-2.
Herbicides were applied once, fungicides and insecticides once or twice, depending on pest incidence.
Winter wheat was harvested at full maturity separately from each sub-plot with a grain harvester
‘Wintersteiger’. Grain yield was adjusted to 14% moisture level and recalculated to t ha -1.
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Maize ‘Ixxes’ (FAO 190) was grown under three levels of nitrogen – N0, N90 and N180. Maize was
sown in the beginning of May, at the density 10 plants m-2. The harvested yield of biomass was in
middle of September. For an average of grain yield calculation were took five ears from each plot.
There is presented grain’s yield average of tree years.
Leaf area and biomass measurements. Samples of winter wheat were taken biweekly, six times per
growing season. Samples were collected from 3 sub-plots of each agroecosystem, from an area of 0.13
m2 (two adjacent crop rows 0.5 m long). The maize leaf area was measured 5 times during the
vegetation period. Samples were taken from 1 m length row (0.75 m2 area) of each experimental plot.
All leaves, with green surface more than 50%, were detached from the selected plants, scanned and
leaf area was measured with a computer program ‘WinFolia pro v2004 a’. Then plants were dried and
biomass was assessed. Photosynthetic potential (leaf area duration) was calculated using the equation
of Power et al. (1967). All leaf area and biomass results are presented per square meter.
Soil moisture measurements. Soil moisture sensors ‘Watermark’ were installed in the soil in winter
wheat and maize at the 20 cm, 40 cm and 60 cm depths. The technical characteristics of the soil
moisture sensors ‘Watermark’ allow measurements of soil moisture in the range from 0 to 200
Centibars (kPa). The measurements are reliable at soil temperature > +16°C.
Modelling. In this study the computer model DSSAT v4.0.2.0 was used to simulate winter wheat and
maize water stress. The required weather data input set was obtained from the Dotnuva meteorological
station (daily maximum and minimum air temperature, precipitation). The solar radiation data for the
model’s DSSAT v4.0.2.0 input was calculated using ‘AgroMetShell 1.57’ model from the sunshine
hours. Soil input data were derived from the field experimental site descriptions.
Statistical analysis of biomass yield, leaf area duration was performed using ANOVA for randomized
block design (Clever and Scarisbrick, 2001).
RESULTS AND DISCUSSION
Winter wheat. Leaf are index measurements showed formation of leaf area index in all years of the
study followed similar pattern, with the higher values measured under conventional agroecosystem
and much lower under organic (Figure 1). The largest differences between agroecosystems were
measured when winter wheat reached stage BBCH 31 – 34 – leaf area index under conventional
growing peaked on average at 4.5 m2 m-2, while under organic only at 2.5 m-2 m-2. During the later
stages of development leaf area index and differences between growing systems gradually decreased.
The plant protection measures and applied nitrogen fertilisers helped to preserve healthy leaves longer
in the conventional agriculture systems. The reason of leaf area decrease is not only diseases but also
shortage of water, nitrogen, and other nutrients (Salvagiotti, Miralles, 2008; Dagdelen et al., 2006).
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Figure 1. Development of leaf area index of winter wheat under different growing intensity, average
of 2007- 2009, Dotnuva
Three years’ data of photosynthetic potential and grain yield were subjected to combined analyses of
variance (Table 1). For photosynthetic potential the effect of management was significant, whereas there
was no effect of the year or interaction between year and management on this parameter. For
photosynthetic potential, only effect of management was significant and this result was in a good
agreement with data of leaf area index. Photosynthetic potential of winter wheat under conventional
growing was on average by 79 m-2 m-2 higher than that under organic growing. There was very strong
correlation between photosynthetic potential and grain yield (r = 0.95; p<0.01). The same trend was
indicated in literature (Zhang et al. 2006). Combined analyses of variance showed significant effect of
management, year and interaction between year and management on grain yield. The variation in grain
yield and effect of management on this parameter across years is apparent and reflects climatic
fluctuations. In 2008, differences between crop management systems were much higher than in 2007 or
2009.
Maize. Leaf area measurements showed that nitrogen nutrition was highly important factor in
formation of maize canopy: leaf area index was respectively 3.5 and 4.5 m2 m-2 in plots applied with
N90 and N180. Without N fertilization maize leaf area was lower by 32 - 43%, and below 3 m2 m-2. The
weather conditions had evident effect on maize crop performance. The vegetation period of maize in
2010 was the warmest and driest, with the average air temperature by 3°C above climatic norm.
Average air temperature in 2011 and 2012 was also higher than climatic norm: respectively by 2°C
0.7°C. The difference of maize leaf index treated and untreated with nitrogen fertilizers was the lowest
in 2012. The highest difference of photosynthetic potential of maize in untreated treatment (N0) was in
2010 and 2011, respectively 75 m2 m-2 and 148 m2 m-2. Difference of photosynthetic potential between
plots applied with N90 and N180 was 28% in 2010, however, below 10% in 2011 and 2012. The
photosynthetic potential significantly correlated with maize grain yield (r = 0.65; p<0.05). The highest
maize grain yield, on average 7.98 t ha-1, was produced in plots applied with N180 , more than double
higher than that produced in untreated with nitrogen plots - 4.28 t ha -1.
Water stress simulation. During the study period, temporary water shortage occurred several times per
season. Water stress simulated by the DSSAT v4.0.2.0 model correlated relatively well with actual
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readings of soil moisture sensors. The correlation coefficient of three years data in winter wheat was
0.80, p<0.05, and in maize - r = 0.80, p<0.05.
The most droughty year for winter wheat was 2008 (1 fig.). The two short and one longer periods of
drought stresses were simulated by model DSSAT v4.0.2.0 in winter wheat in 2007. Shortest
simulated water stress was in 2009, with corresponding moisture sensors readings above 100
centibars. It was a short period, thus it is not very likely, that negative effect for the winter wheat yield
was significant. According models simulations and soil moisture sensors readings water shortage
started in May or later, thus winter wheat could pass some of the most critical stages of development
before water shortage occurs. However the grain yield level was influenced not only by management
intensity and water availability, but, also by the interaction between these two factors (Table 1).
Table 1. The results of ANOVA of photosynthetic potential and grain yield of winter wheat grown
under different intensity.
Photosynthetic potential, m2 m -2

Grain yield, t ha-1

Agro ecosystem

2007

2008

2009

2007

2008

2009

Conventional

196

257

191

6,27

8,15

6,86

Organic

132

83

111

4,79

3,95

5,05

Analyses of variance
F value
Source of variance

Photosynthetic potential

Year
Agro ecosystem

Grain yield

1.47

51.03**

15.25**

316.99**

1.53

34.81**

Interaction

Significant: ** - p < 0.01
Water stress in winter wheat in 2007

1

Soil moisture,
centibars

Simulated water stress
Soil moisture sensors

Simulated water
stress
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Figure 2. Model’s DSSAT v4.0.2.0 simulated water stress and soil moisture sensors in the winter
wheat in 2007 – 2009.
The highest drought stress in maize was in 2010 (Fig. 3). The results of model DSSAT v4.0.2.0
simulation showed, that water shortage started two month after planting. As a C4 plant, maize is a
considerably more water-efficient crop than C3 plants. Maize is most sensitive to drought at the time
of silk emergence, when the flowers are ready for pollination (Meza et al., 2008). For the simulation,
we used a short season maize variety. Modelling results indicated, that in 2010 the most intensive
water shortage occurred, when maize was at the silking stage. In 2011 shortage of water occurred
twice, but outside critical stages and lasted only a week. According to the results of simulation the
most favourable growth period for short season maize was in 2012. Within a range between 10 and 35
ºC, increases in ambient temperature accelerate the rate of development, allowing maize to complete
its phonological stages in shorten periods of time (Meza et al., 2008). Typical response of this crop
under climate change conditions are acceleration of the rate of development and reduction of biomass
(Meza et al., 2008). Tubiello et al. (2000) reported that higher temperatures accelerated plant
phenology and reduced dry matter accumulation. They found that the maize growing cycle was
shortened by two weeks compared to the baseline climate.
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Figure 3. Model’s DSSAT v4.0.2.0 simulated water stress and soil moisture sensors in maize in 2010
and in 2011.
Simulation by the DSSAT v4.0.2.0 model showed, that winter wheat for transpiration under
conventional management used by 20 – 32% more water than under organic management. However,
under organic management, more water was used for evaporation. These suggestions are in agreement
with results of our other studies (Feizien et al., 2008). The model calculations of transpiration in
maize showed similar results as for winter wheat: in fertilized with nitrogen plots maize for
transpiration used by 3 – 31% more water, than in control plots. The maize canopy covers the soil
longer in the second part of summer (in August) and the beginning of autumn than winter wheat and
reduce loses of water due to evaporations processes. But this process depends on air temperature in
autumn, particularly in September. September air temperature in 2010 – 2012 was higher by +0.1 –
+1.9°C than climate norm. Due to climate change increasing length of warm season in autumn suggest
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considering of growing more productive maize of longer vegetation, however, management, especially
nitrogen should be investigated in more detail.
CONCLUSIONS
Maize and winter wheat responded positively to application of nitrogen fertilizers. The difference in
leaf area index between control and applied with nitrogen plots was 32 – 43 % in maize and up to 50 –
55 % in winter wheat. The grain yield of winter wheat was higher by 26 - 52 % and more than 52 % of
maize in conventional system (fertilized by nitrogen) compare with organic (without nitrogen).
Relatively good correlation (r = 0.80, p<0.05 for maize and 0.80, p<0.05 for winter wheat) was found
between water stress index simulated with model DSSAT and indicated soil water availability by soil
moisture sensors ‘Watermark’.
Simulation showed that winter wheat applied with nitrogen fertilizers used for transpiration by 20 –
32% and maize by 3 – 31% more water than crops in control plots without application of fertilizers.
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ASSESSING PROPERTIES AND EFFICACY OF IODINT-ENRICHED SUGAR
IN IODINE DEFICIENCY CONDITION PREVENTION
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Abstract
Iodinated sugar, the created product for the prevention of iodine deficiency conditions in the
population (Trading House ‘Yarmarka’ Company, Petrozavodsk, Russia), is enriched with seaweed
with restricted and controlled iodine content. The properties of iodine-enriched sugar were studied in
experimental animal models; morphological and functional parameters were studied in a chronic
experiment and the study in volunteers assessed the efficacy of iodine saturation.
The studies showed its safety and efficacy in restoring and maintaining iodine balance in volunteers
(based on iodine excretion with urine).
Key words: Iodinated sugar, iodine deficiency conditions, efficacy of iodine saturation
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TECHNIQUE AND TECHNOLOGICAL SOLUTIONS
FOR CREATION IODINE-ENRICHED PROPHYLACTIC BEVERAGES
Larisa A. Mayurnikova1, Sergey F. Zinchuk2, Elena V. Parmenova2, Valentina G. Zinchuk2
1

Kemerovo Technology Institute of Food Industry, Russia, Kemerovo, Bulvar Stroiteley
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Kemerovo medical academy, Kemerovo, 650029, Russia, Kemerovo, Voroshilova-street, 22-a

Abstract
The article discusses the issues of the rationale for the need for iodine-enriched beverages and its
technique considerations for group prophylaxis of iodine deficiency conditions in children. In an
example of the beverage we created we demonstrated our technological solutions, justified the doses
and assessed efficacy in the treatment group. The study showed high efficacy of the beverage in
restoring iodine balance in children from pre-school establishments (based on iodine excretion with
urine).
Key words: prophylaxis of iodine deficiency conditions, restoring iodine balance, technological
solutions.
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ENVIRONMENTAL AWARENESS FORMING AS A RESULT OF EDUCATION IN
SECONDARY SCHOOL IN RESPECT OF THE USE OF SYNTHETIC PACKAGING
FOR FOOD
1
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Abstract
The present work describes the results of a study designed to examine how the environmental thinking,
development in the secondary school affects students' assessment of the benefit and risk of using
synthetic packaging for food.
The high school students' perception of the risk and benefit of the use of synthetic packaging for food
undergo changes in the course of study. Indices of risk and benefit are proposed for quantitative
monitoring of changes, calculated from an inquiry data collected from 6 groups respondents with 48
members each – students at the beginning, at the middle and at the end of their secondary school
education and citizens. The risk index goes through a minimum, and the benefit index reaches its
maximum at the end of secondary education. The benefit index remains greater than the risk index in
the course of study, which indicates formed students’ notion of prevailing benefit over the potential
harm from the use of synthetic packaging for food. Risk-benefit ratio for the surveyed groups is less
than one (0,72). In comparison the same respondents estimate the risk-benefit ratio for industrial and
agrarian production as 2.40 times higher.
Key words: environmental awareness, education, secondary school, synthetic packaging for food,
benefit, risk
1. INTRODUCTION
With human civilization emerge new human induced environmental factors, affecting health and
behavior of the individuals, the human population and the environment. Plastics and metals used for
packaging, storage and preparation of most used food types – water, milk and dairy products, juices
and soft drinks, cans and etc., come in contact with stored foods which have different acidity and with
water in food, which is a good solvent. At the border contact between the food and its container, the
ion exchange and chemical reactions occur, the effect on the health of which is not always fully
understood.
An example is allergenic effects of nickel, found long after widespread use of nickel in food dishes
and containers, as well as increased risk of a liver cancer if cooking in iron vessels, which is the
longstanding practice in some areas of Africa.
I.e., the benefit of using food packaging is coupled with a risk - uncertainty regarding any remote
health effects of consuming packaged and conserved food, as well as pollution of the environment
with slowly degradable packaging.
Formation of public opinion is a complex process, beginning in primary school. The schoolteacher
role is important in this process. The school is called upon to form public opinion supported by
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scientific facts, regarding the benefits and risks of synthetic packaging for food. The problem with this
man-made factor affecting health and the environment is discussed in Betta et al. (2011), Casado et al.
(2010), Felter et al. (2009), Heckman (2005) and Silvestre et al. (2009).
The present work describes the results of a study designed to examine how the process of
accumulation of knowledge and the development of environmental thinking in the secondary school
affects students' assessment of the benefit and risk of use of synthetic packaging for food.
2.MATERIALS AND METHODS
A survey was conducted during the 2009/10 to trace the development of high school students’ notion
of the benefits and risks of use of synthetic packaging for food.
The survey covered three groups of students simultaneously: the entrance of secondary education – 7th
grade, in the middle – the 9th grade and at the end – 12th grade (high school graduating seniors). In
addition to trace effects of education in secondary schools on public opinion on the issue, two more
groups finished their secondary education were interviewed – freshmen medicine students and citizens
with secondary education.
All high school students’ groups were from a school "St. Patriarch Evtimiy", Plovdiv, the medical
students group was from the Medical University of Plovdiv. Respondents – school and medical
students’ groups were interviewed during the sessions. Respondents-citizens were randomly selected
of places in the city where citizens have enough free time – gardens, train station, bus station, etc.
All groups were with 48 respondents each. The group of 12th grade students was interviewed twice – at
the beginning and end of the school year, i.e. 6 surveys were conducted – 4 in the secondary school
and two after the secondary school completion.
The structure of the questionnaire is shown in Table 1.
Table 1. Questionnaire of the survey to assess the respondents’ perception of benefits and risks of use
of synthetic packaging for food in five levels (separately for risk and for benefits).
Please, estimate the risk of use of synthetic Very
packaging for food
high

High

Moderate

Small

Negligible

Please, estimate the benefit of use of synthetic Very
packaging for food
much

Much

Moderate

Small

Negligible

Two indexes were calculated for each group based on the group members responses – benefit index
and risk index respectively. The number of responses for each one of five levels were multiplied by
appropriate weighting – 1 (for level “negligible”), 2, 3, 4 and 5, and the produts were summed.
Risk-benefit ratio was calculated for the groups of respondents – the ratio between the average risk
index and the average benefit index, applicable for a given ecological factor in particular, for the use
of synthetic packaging for food. If the ratio is less than one, i.e. prevailing group opinion of benefits,
the average respondent (the voice of public opinion) is willing to take the risk without hesitation. The
smaller is the ratio, the greater is decisiveness. Values of the ratio close to unit showed approximately
balanced respondents’ opinion about potential harm and benefit. The average respondent would have
hesitated to undergo under the influence of the factor. For values of the ratio over the unit average
respondent is reluctant to approve the application of that factor.
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3. RESULTS AND DISCUSSION
In Table 2 the responses of the 6 groups for the degree of the risk, are given. Graphically they are
shown in Fig.1.

Index risk

Negligible

Small

Moderate

High

Very high

Table 2. Responses distribution of the 6 groups of respondents for the risk of use of synthetic
packaging for food.

Students 7th grade

1

4

10

15

18

99

Students 9th grade

2

3

9

15

19

98

12th grade students at the beginning of the year

0

4

6

17

21

89

12th grade students at the end of the year

0

2

11

18

17

94

Medicine students

6

0

12

20

10

116

Citizens

0

7

16

13

12

114

The maximum of the responses for the risk of the use of synthetic packaging for food remains at level
"negligible" for the respondents from the first three groups of high school. At the end of secondary
school this maximum shifts to the level "small", reaching a level "moderate" for the group of the
citizens (Table 2 and Figure 1). Most pronounced is the maximum level of "moderate" for a group of
medical students, among them is also the largest number of respondents assessed risk as "very high."
The answers of students from the seventh and ninth grade were most scattered at the levels of risk are,
i.e. a lack of certainty in their opinions as a group is noticeable, which is probably related to unformed
opinion of the group as a whole. A shift in the minds of students towards a higher risk of the use of
synthetic packaging for food was noticeable within the time frame of 12th class – at the end of the
school year, the number of responses for levels of risk "small" and "moderate" increases at the expense
of level "negligible". Apparently in the last year of their studies students receive the information
needed to form their awareness about potential risks of the use of synthetic packaging for food.
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Figure 1. Responses distribution of the 6 groups of respondents regarding the risk of use of synthetic
packaging for food.
The responses of the 6 groups regarding the benefit of the use of synthetic packaging for food are
shown in Table 3. They are graphically shown in Fig. 2. The maximum in the distribution of responses
for the high school student’s groups gravitates at the levels "moderate" and "much" benefit. For
medical students and citizens poorly outlined maximum at level "moderate" benefit is noticed. The
answers are scattered between the levels, i.e. there is lack of certainty in the opinion of the groups
about the benefit of the use of synthetic packaging for food.

Index benefit

Negligible

Small

Moderate

Much

Very much

Table 3. Responses distribution of the 6 groups questioned for the benefits of use of synthetic
packaging for food.

Students 7th grade

5

10

10

8

15

126

Students 9th grade

1

16

16

11

4

143

12th grade students at the beginning of the year

5

14

14

13

2

151

12th grade students at the end of the year

6

14

15

9

4

153

Medicine students

4

10

17

15

2

143

Citizens

1

9

17

13

8

126
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Figure 2. Response distribution of the 6 groups questioned for the benefits of use of synthetic
packaging for food.
Indices of the risk and benefit (the right column of Table 2 and Table 3 for all groups) are shown
graphically in Fig.3 and Fig.4. They change with the advancement of the educational process and are
indicators of the effectiveness of the educational process.
The risk index reaches its minimum (89) at the beginning of 12th grade, and its maximum (116) for a
group of medical students. Figure 4 shows that a complicated transition in the minds of the high school
students was made about the risk of the use of synthetic food packaging – the index of risk decreases
from the 9th to the early 12th class, then rises towards the end of the school year. The benefit index
increases throughout the course of the secondary education.
For groups of medical students and citizens the risk index incrementally increased (20 points)
compared to that of student groups, i.e. public opinion on the issue is mainly formed under the
influence of information sources that are independent of school knowledge.
The benefit index of the use of synthetic packaging for food increases monotonically during training in
secondary schools from 126 (minimum) for VII graders to 153 (maximum) for seniors. For medical
students and citizens the benefit index is 143 and 126.
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Figure 3. Indices of the benefit and risk for all groups
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Figure 4. Detailed picture of benefits/risks indices for all groups.
The maximum of the responses for the risk of the use of synthetic packaging for food remains at level
"negligible" for the respondents from the first three groups of high school. At the end of secondary
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school this maximum shifts to the level "small", reaching a level "moderate" for the group of the
citizens (Table 2 and Figure 1). Most pronounced is the maximum level of "moderate" for a group of
medical students, among them is also the largest number of respondents assessed risk as "very high."
The answers of students from the seventh and ninth grade were most scattered at the levels of risk are,
i.e. a lack of certainty in their opinions as a group is noticeable, which is probably related to unformed
opinion of the group as a whole. A shift in the minds of students towards a higher risk of the use of
synthetic packaging for food was noticeable within the time frame of 12th class – at the end of the
school year, the number of responses for levels of risk "small" and "moderate" increases at the expense
of level "negligible". Apparently in the last year of their studies students receive the information
needed to form their awareness about potential risks from the use of synthetic packaging for food.
4. CONCLUSIONS
The high school students' perception of the risk and benefit of the use of synthetic packaging for food
undergo changes in the course of study.
These changes can be traced quantitatively by the indices of risk and benefit which are indicators of
the opinion change.
The index of risk goes through a minimum, and that of benefit reaches its maximum at the end of
secondary education.
The benefit index remains greater than the risk index in the course of study, which indicates formed
students’ notion of the prevailing benefit over the potential harm from the use of synthetic packaging
for food.
Risk-benefit ratio for the surveyed groups is less than one (0,72).
Assuming that the group of citizens is the voice of public opinion, the indicator of the public opinion
on the issue – risk-benefit ratio, is 0.90 for this group and shows that the average consumer rather not
hesitate to use food packaging and stored in synthetic packaging and containers.
In comparison with other environmental factor – industrial and agrarian production which pollutes air,
water and soil, the risk-benefit ratio computed from the same questionnaire data of the same
respondents, is 2.14 (Takuchev et al. (2012)). The comparison between the risk-benefit ratios of these
two factors shows that public opinion estimates the potential harm from the use of synthetic packaging
for food 2.40 times less harmful to health than polluting industries.
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OF ACCESSION TO WTO
Natalia I. Pyzhikova, Galina A. Sergutkina
Federal public educational budgetary institution of higher education Krasnoyarsk state agrarian
university, 660049, Krasnoyarsk, Mira Ave., 90

Abstract
Russia's accession to the World Trade Organization for agricultural production will entail a number
of problems which are connected and with methodical maintenance of transition to new conditions of
activity of agricultural producers, and also with need of changes for the directions of the state
support. Development of a complex of the actions directed on increase of competitiveness of domestic
agricultural production, for leveling of negative consequences for agro-industrial complex from
accession to WTO and providing conditions of further development of branch is required.
Key words: Agro-industrial complex, agriculture, agrarian policy of the state, state support, WTO,
competitiveness, food security of the country, customs duties
National economy development, its homeland security, population standard of living in many respects
depends on a condition of agro-industrial complex. The existing level of development of the agrarian
sphere, low investment appeal of an industry, risk nature of conducting business activity objectively
cause need of more weighed and system approach from the federal and regional authorities to carrying
out an agrarian policy. Measures of the state support allow to mitigate negative impact of a market
mechanism, to create a competitive environment, to create conditions for long-term economic growth
and to ensure food safety of the country. Now the Russian agro-industrial complex comes to a new
stage of the development which dynamics will be determined by three major factors: joining of Russia
to the WTO, Common economic space forming based on the Customs union and the solution of tasks
of food security. The major factor is joining of Russia to the WTO. WTO question - basic for the
Russian agricultural industry. As a result of negotiations which were carried on 18 years, it was
succeeded to reach optimum balance between protection of interests of the domestic agricultural
producer and access of the foreign companies on the Russian market. In total within the WTO more
than 60 various agreements are accepted. No more than 20 agreements are translated into Russian. It
should be noted that official languages of the World Trade Organization are English, French and
Spanish. There are problems in the translation of official documents which very volume and have
specific terminology. Within the reached agreements liabilities are determined by amount of the state
support: 2012 – 9,0 bln. dollars of the USA; 2013 – 9,0 bln. dollars of the USA; 2014 – 8,1 bln. dollars
of the USA; 2015 – 7,2 bln. dollars of the USA; 2016 – 6,3 bln. dollars of the USA; 2017 – 5,4 bln.
dollars of the USA; 2018 – 4,4 bln. dollars of the USA.
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Fig. 1 Amount of the permitted state support, billion rubles
It should be noted that the majority of developed countries finance agricultural industry in the
amounts, several times exceeding planned size of subsidies in Russia.
1386
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Fig. 2 Amount of state support counting on unit of a cultivated area, dollars/hectare
In the European Union countries state support volume on unit of a cultivated area is nearly 39 times
higher, than in the Russian Federation, in the USA and Canada this indicator is nearly 4 times higher,
in Australia – by 2,6 times.
Now to estimate, the sum of the internal support which sum is determined according to the Agreement
by agriculture, it isn't possible. By various estimates figures from 4,5 to 9,0 bln. dollars of the USA
sound.
The problem consists that in expenses of budgets (federal, regional) it isn't possible to define, what
expenses belong to expenses on "Agriculture" (on the budgetary classification), as it and expenses
direct on agriculture support, expenses on science, to educational institutions of an agricultural
orientation, etc.
One more problem is the list of production carried to agricultural. The list of agricultural production
according to the annex No. 1 to the Agreement on agriculture and the list of agricultural production in
the Russian Federation (statistically) don't coincide. Therefore to determine the amount of internal
support
it isn't possible.
Internal support of agriculture, by WTO rules, shares on four baskets. These are "green", "yellow",
"red" and "blue" baskets. Besides the agreement provides the development program.
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1. "Yellow (amber)" a basket - the directions which financing should be reduced.
The measures making distorting impact on production and realization of agricultural products
concerning which obligations for binding of initial level of support and its subsequent stage-by-stage
reduction are accepted. The integrating indicator of the amount of financing of such measures, making
the annual sum of all types of the state support on which obligations for binding and reduction extend,
carries the name of "the aggregated measure of support" (AMP) or "the aggregated indicator of
support" (APP). Initial level of binding usually pays as the average annual size of the actual expenses
for the last three representative years ("the basic period") both on federal, and on regional levels:
grants for production of animal husbandry, plant growing and on compound feeds;
compensation of part of expenses for acquisition of mineral fertilizers and means of chemical
protection of plants;
compensation of part of expenses for energy resources;
compensation of operating costs on increase of fertility of soils (the maintenance of a meliorative
network);
compensation of cost of the equipment acquired as counter sale to agricultural products;
expenses on repair and current maintenance of meliorative systems;
expenses of leasing fund;
expenses on creation of seasonal stocks of spare parts and material resources;
capital investments of production appointment, except capital expenses on melioration and a
water management;
granting to the producer of goods (services, works) at the prices below the market;
purchase at the producer of goods (services, works) at the prices above the market;
preferential crediting of agricultural producers at the expense of means federal and regional
budgets, including write-off and restructuring (including prolongation) debts;
privileges for transportation of agricultural production.
2. "Blue basket" - for payments on reduction of release of agricultural products.
It means direct payments to producers within programs of restriction and reduction in production of
the agricultural products which are carried out by removal of the earth from an agricultural turn,
reduction of a livestock of cattle in agriculture, employment reductions in agriculture. Payments are
made on separate agricultural grounds. These measures don't fall under restrictions within obligations
of member countries of the WTO for reduction of internal support and don't join in APM.
3. "Green basket" - the resolved measures, preservation of financing of agriculture, despite state
obligations within the WTO.
The directions of the state support not making or making the minimum distorting impact on
production and realization of agricultural production. The general criterion is that such measures are
financed from the state budget on the basis of the federal legislation and Government decisions,
instead of at the expense of means of consumers and have no a consequence of maintenance of the
prices of producers or increases in outputs:
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services of the general character:
scientific researches;
pest control and diseases, veterinary and phytosanitary actions, control of safety of food;
preparation and professional development of shots;
information and consulting service;
inspection services;
infrastructure improvement (a construction of roads, networks of telecommunication, meliorative
constructions), except for operating expenses on maintenance of its functioning;
assistance to agricultural products sale, including collecting, processing
and distribution of market information.
direct payments:
"untied" support of the income;
participation in programs of insurance and providing the income of the agricultural producers, not
attracting direct stimulation of production of concrete types of agricultural products;
support of the income of the agricultural producers, not connected with a look
and output;
payments as the help at natural disasters;
assistance to restructuring of agricultural production (including at the expense of implementation
of programs of privatization, land use improvement, stimulation of investments and so forth);
environmental protection;
programs of regional development for areas with an adverse environment;
maintenance of strategic food stocks, internal food aid;
creation of the state reserves for ensuring food security;
internal food aid.
4. The development program – is an integral part of programs of development of developing countries.
5. "Red" (export subsidies) - it is empty since forbidden measures didn't remain (absolute quotas).
Group of measures concerning which obligations for binding of initial level of subsidizing and its
subsequent stage-by-stage reduction also are accepted, measures of export subsidizing belong. It is
thus forbidden to apply export subsidies, except what are recorded in the list of obligations of the
country – both by types of subsidizing, and by types of production of agriculture. Information on the
actual expenses for export subsidies and to the volume of subsidized export is submitted for the last
three representative years:
the offer for export of noncommercial stocks of agricultural production by the state at the prices
below, than in domestic market;
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payments when exporting, the governments financed owing to actions, including, at the expense
of the taxation of producers;
subsidizing of marketing and international transport expenses;
establishment by the state of more reduced rates for transportations of exported production, than
for internal deliveries;
subsidizing of the agricultural production used as raw materials of production intended for export.
Support reference to "yellow" or "green" baskets is carried out according to the annex No. 2 to the
Agreement on agriculture. If having analysed the purposes and subsidizing mechanisms, they doesn't
correspond to any point, this subsidy belongs in a "yellow" basket. For example, support of breeding
animal husbandry – acquisition of breeding cattle. Under point 2 this subsidy doesn't approach, since it
not scientific researches, neither training, nor services in marketing, etc. This subsidy also doesn't get
under points 3 – 13. The subsidy for acquisition of breeding cattle needs to be carried in a "yellow"
basket as it is paid proceeding from the price, i.e. the actual costs of its acquisition. In case the subsidy
is provided on 1 head, such subsidy also would belong to a "yellow" basket.
The method of calculation of the aggregated indicator of support is determined by the annex No. 3 to
the Agreement by agriculture. In APP separately grocery specific support and grocery nonspecific is
considered. Grocery specific support is a support which is directed on support of any concrete product
or goods. Grocery nonspecific support – support without a binding to concrete goods. It should be
noted that in the Russian Federation the most part, more than 90% of measures of support belongs to
the grocery nonspecific. It is considered that such measures more and have smaller impact on trade. It
is possible to give price support of intervention purchase of any goods, a subsidy for separate types of
production, compensation of part of cost of compound feeds, min. fertilizers as examples of measures
of a "yellow" basket, etc. Privileges belong to grocery nonspecific support on payment of cost of fuels
and lubricants, consumption by agricultural producers of the electric power on favorable terms.
It is necessary to consider that according to item 4 of article 6 of the Agreement on agriculture it isn't
required to include in calculation of "The current general APP" and not to reduce the internal support
connected with a concrete product which otherwise would have to join in calculation of "the Current
APP" when such support doesn't exceed 5 percent from a total cost of production of the basic of an
agricultural product within the corresponding year; and the internal support which hasn't been
connected with a concrete product which otherwise would have to join in calculation of "the Current
APP" when such support doesn't exceed 5 percent from a total cost of agricultural production. For
developing member countries the minimum percentage share makes 10 percent.
Thus, for preservation of support of an agricultural producer it is necessary to study attentively
experience of rendering the state support of members of the WTO, to reconsider existing mechanisms
of state support, to make changes to the current legislation. For example, to provide support
proceeding from the fixed areas or a livestock of agricultural animals, having taken for base any
previous year or to carry out subsidizing of the half-received income, having defined that this subsidy
will be provided in case the enterprise received less the income of not less than 30%.
To receive information on provided measures and mechanisms of support probably through the World
Trade Organization. They are obliged to provide it to all members of the WTO. The only and main
question, who and how it will carry out?
In spite of the fact that Russia's accession to the World Trade Organization goes a smooth way, it is
expected that the agro-industrial complex one of the first will feel changes.
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With Russia's accession to the World Trade Organization it becomes more difficult to our agricultural
producers to realize the production. The Russian market will be more open for import, and the state
won't be able to influence this process as earlier. On counters there will be new goods of producers of
the countries of the WTO where the agriculture is more developed, than in our country. There will be
a price competition, domestic producers will be compelled to adapt to new conditions, somewhere to
reduce the prices, somewhere to improve marketing, thereby working for consumers.
Because of decrease in the customs duties:
to increase import of pigs;
there will come deficiency of capacities for slaughter;
at the excess offer there will be a falling of purchase prices and decrease in incentives to
expansion of production of animal husbandry;
there will be a reduction of demand for grain and compound feed;
the released volumes of grain, pressing on the market, will lead to decrease in purchase prices of
grain, the income and the main thing, to decrease in incentives of zernoproizvoditel to
technological modernization;
finally we will receive grain reduction in production, possible jumps in prices of it, decrease in
competitiveness of production of animal husbandry and reduction of a sales market of grain and
compound feeds as a whole.
Thanks to the customs duties the state regulated the prices of agricultural production and consumers of
food "subsidized" producers. At decrease in duties import prices of animal husbandry production
which are much lower than purchase prices of domestic producers, will negatively influence
profitability of agricultural producers. So, import price of meat of pigs in 2010 made 62,8 rub/kg, on
edge – 82,5 rub/kg (production prime cost of 67,1 rub/kg), on milk – 9,4 and 13,9 rub/kg (10,2
rub/kg), rub/kg KPC-100,8 and 60,4 meat (90,1 rub/kg), on fowl – 43,6 and 74,2 rub/kg (43,7 rub)
respectively. All subsectors of agriculture, but especially pig-breeding are exposed to risk and poultry
farming, profitability of this business to be reduced, producers will be compelled to take the measures
directed on decrease in expenses.
The production base of branches of the food industry of edge now, though has big physical and the
obsolescence of the fixed business assets, allows to process initial raw materials at the increased
expenses of its processing. Decrease in production expenses with increase of specific weight of an exit
of production from unit of processed raw materials and the solution of questions of ecological
character for the purpose of increase of competitiveness of production are possible only at
modernization of the enterprises. To the enterprises with a low technological level and the small
capacity, having high level of wear of the fixed business assets, not allowing to develop competitive
production and to solve environmental protection problems at modern level, closing threatens.
Serious problem for the food industry is the lack of raw materials, both on volume, and on stable
indicators of quality. Dynamics of production of main types of food has positive character, however,
the quantity of made production in the region doesn't ensure achievement of threshold values of the
Doctrine food safety (meat, vegetables). Thus, despite increase in outputs of regional food high
dependence on production import because of edge limits remains.
The second complexity is an inevitable fight for competitive quality of production and its
environmental friendliness. To increase quality of production, the enterprises will need to increase a
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stream of investments into equipment modernization, in researches, in production technology
improvement.
For quality management the system which assumes traceability from production of agricultural raw
materials before realization of finished goods, forecasting of indicators of quality of production taking
into account consumer preferences, the analysis and the accounting of possibility of various
technological hazards has to be created. Branches have to be provided with modern control methods
and quality managements and safety of raw materials and food throughout all cycle "from a field to the
consumer". Besides, creation of the specifications and technical documentation harmonized with the
international standards is necessary.
Thus, indirectly Russia's accession to the World Trade Organization stimulates our producers to
increase efficiency of the production and to work for long-term prospect.
Existence of a transition period within 5 years will allow to correct errors which can affect work of
this or that branch of agriculture. There is a number of tasks without which decision to be the fullfledged participant of the WTO it is impossible.
It is necessary to continue serious work on modernization of agricultural production – both animal
husbandry, and plant growing, to construct modern dairy complexes, to deliver an elite meat and dairy
livestock. All complex on storage, drying, processing, preparation of a seed material, grain, and also
equipment of producers by modern equipment and the equipment is necessary: combines, sowing
complexes, stock.
In a transition period till 2018 it is necessary to use a "yellow" basket fully: to finish re-equipment of
agro-industrial complex, to reduce product cost, to make it competitive. Only taking into account it it
is expedient to invest money in a "green" basket: to work with the earth, shots, to be engaged in
infrastructure construction.
The state policy is directed on decrease in negative influence of finding of Russia in the WTO in the
sphere of agro-industrial complex at the present stage.
The developed actions of the State program "Development of agriculture and regulation of the markets
of agricultural production, raw materials and the food" for 2013 - 2020 will be carried out with the
maximum use of instruments of support of a "green" basket, thus key actions of the State program will
be kept, including actions for support of production branches, social development of the village, small
business in agriculture.
To lower limiting barriers of state support of agrarian and industrial complex it is possible on
condition of entering of the amendment into article 7 of the Law "About Agriculture Development"
regarding need to keep development of adverse regions in the agricultural relation, and also
development of new measures of support.
It is supposed that regions will admit adverse in case in connection with local demographic, natural
and geographical conditions level of profitability of the organizations occupied in agriculture appears
below an average on branch, however their activity has to proceed for employment, increase of level
of the income of the population and preservation of traditional way. Support of such regions will
belong to a "green" basket, so – payments to agricultural producers won't be subject to restrictions.
Except the offered measures of support in the State program, a number of legislative initiatives is
timely.
The first, this establishment of a zero rate of a profit tax, and is termless. It gives for agricultural
producers economy of own means to 15 billion rubles a year.
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The second. Grants to beginning farmers who are given on household arrangement, on farm
development, on development of family and livestock farms are exempted from the personal income
tax. Also it is offered to exempt from subsidy taxes which are given on acquisition of cattle, seeds for
farms, personal subsidiary farms. In aggregate, it is about one and a half billion rubles at the today's
prices. And this norm extends since January 1, 2012 that is very important.
The third. On import of breeding production the zero rate of the VAT, and for realization within the
country it was applied there were 18 percent. Today it is offered to enter a 10 percent through rate on
these purposes. It will allow to develop breeding base within the country as without productive cattle
to compete with the foreign producer very difficult.
From next year approaches to providing the state support of agrarian and industrial complex will
change.
There will be a consolidation (integration) of subsidies to the subsequent direct payments on increase
of profitability of agricultural producers. The main emphasis will be placed on support of the regional
projects aimed at the complex social and economic development of the village: housing construction,
creation of necessary infrastructure (schools, kindergartens, hospitals, clubs, sports constructions),
providing villagers with qualitative drinking water, roads with a firm covering. Efforts need to be
directed on creating for people of a condition in whom with it would be not only comfortably to work,
but also comfortably to live.
Considering that the world agriculture endures the period steadily a growing demand, growth of
investments – directed on insurance as risks of deficiency of resources, and it is risk, the connected a
lot of monetary offer in the market, – opening of borders for the Russian agrarian and industrial
complex is in this case the instrument of attraction of investments, technologies and a factor of
expansion of sales markets of production.
The solution of problems with existence in economy of big layer of intermediaries, dynamics of tariffs
of monopolies, high tax loading would compensate the risks connected with accession to WTO for
agriculture branch. In this case, entry of Russia into the WTO can become for agriculture a powerful
positive factor of development.
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ON THE BASIS OF ANTI-IDIOTYPIC ANTIBODIES
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Abstract
The studying of anti-idiotypic antibodies and their Fab-fragments properties as the basis for the
development of biologically safe, effective immunological preparations is the aim of research. Several
strains of hybridomas cells producing a monoclonal anti-idiotypic antibodies to Brucella antigen were
obtained. Investigations by ELISA and immuno-diffusion reactions showed that in a population of
monoclonal anti-idiotypic antibodies there are At2 antibodies that can be used as a "prototype"
Brucella antigen. It is planned to study diagnostic properties of anti-idiotypic antibodies and their Fab
- fragments with the purpose of making of Brucella antigen immunochemical analogs.
Key words: anti-idiotypic antibodies, Fab-fragments, immunological preparations, hybridomas cells,
monoclonal anti-idiotypic antibodies, o Brucella antigen
INTRODUCTION
The studying of the production process of anti-idiotypic antibodies, their function in processes of
immune system functioning regulation is actual direction of modern immunology. Possibilities to use
anti-idiotypic antibodies as immunochemical alternatives of antigens are studied very actively over the
last years for the development of protective and diagnostic means. The most optimal is use of
biotechnological methods, in particular, monoclonal antibody technology. Monoclonal antibodies have
been widely spread as the unique and effective instrument in immunological researches.
Antibody synthesis against proper idiotypes was firstly demonstrated by S. Rodkey (1974). He
separated and cleaned trimethylammonium hapten antibodies from one rabbit. Injection of these
antibodies to the same rabbit one year later stimulated synthesis of anti-idiotypic antibodies.
. Kush, T.A. Possevaya, V.I. Simonov and others (1991) received murine anti-idiotypic antibodies
against immunoglobulin of rabbit directed to herpes simplex virus of type 1 (HSV1). Received antiidiotypic antibodies neutralized infectious activity of virus. S.V. Spitsyn, E.I. Drobyshevskaya, O.I.
Barkhatova and others studied the possibility to receive syngeneic anti-idiotypic antibodies to
monoclonal antibodies against Legionella pneumophilia and possibility to use them for stimulation of
immune response to this microorganism. Authors in syngeneic system obtained a hybrid cell line
synthesizing monoclonal anti-idiotypic antibodies to monoclonal antibodies against cytolysin
Legionella pneumophilia. Obtained anti-idiotypic antibodies stimulated antibody generation of
BALB/c mice which part reacted with initial antigen.
Anti-idiotypic antibodies were successfully used for virus research, identification of cell receptor of
reovirus, polyomavirus, measles virus, human cytomegalovirus, bovine viral diarrhea virus, rhinovirus
and tick-borne encephalitis virus (E.V. Protopopova, A.D. Khussainov and others, 1996).
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There is information in literature on the obtaining and perspective use of anti-idiotypic antibodies to
haptens (T.Yu. Mareeva, 1995).
G.P. Yermakov, S.V. Spitsyn, V.G. Nesterenko studied idiotype immunogenicity of monoclonal antiidiotypic antibodies in syngeneic system (1993).
Research findings of many authors prove the perspective of anti-idiotypic antibody use as diagnostic
and preventive preparations. Thereby, V.A. Fedorova, Z.L. Devdariani received murine anti-idiotypic
antibodies to Y. Pestis proteins encoded by virulence plasmid of plague agent and able to protect 7780% of mice against experimental plague (2006).
B.B. Gnedenko, S.G. Morozov, I.E. Gribova, T.P. Klyushnik and others used Fab-fragments of antiidiotypic antibodies upon the development of modified immune-enzyme test system for studying of
shift-like schizophrenia (2006).
Researches of last years demonstrated the perspective of anti-idiotypic antibody property study. So,
erosa Federico, Favoino Elvira, C. M. Antonietta inform that murine anti-idiotypic monoclonal
antibodies 16D7 identify paratope of monoclonal antibodies HP2/6 against synthetic human molecules
CD4. Studying of individual H and L chains to the ability to suppress binding of monoclonal
antibodies with antigen CD4 or monoclonal antibody 2 demonstrated that only L chains of monoclonal
antibody 16D7 specifically suppress these interactions (2006).
Scientists from the Chinese Agrarian University studied the effectiveness of anti-idiotypic antibodies
against Marek’s disease virus and reproductive and respiratory syndrome virus (2005).
Polyclonal anti-idiotypic antibodies were received in Kazakhstan and used for early life-time
diagnostics of botfly diseases of horses (Zh.U. Yespanov, 1994).
Also there is information on use of polyclonal anti-idiotypic antibodies upon studying of blood
protozoan diseases of animals (G.S. Shabdarbayeva, 2006).
Thereby, literature review demonstrates the wide application of anti-idiotypic antibodies in clinical
and biological researches both in medicine and veterinary.
According to data of scientific literature review, the most part of anti-idiotypic antibodies were
received to viral antigens. Monoclonal antibodies specific to the initial antigens are used for the
obtaining of anti-idiotypic antibodies. We also in our researches used monoclonal antibodies obtained
to polysaccharide antigen of Brucellas.
METHODS OF RESEARCH
BALB/c mice were immunized with pure preparations of monoclonal antibodies (MCA) specific to
polysaccharide antigen of Brucellas: 4 times with 2-week interval, in concentration 100 mkg with full
Freund’s adjuvant. 150 mkg of MCA in phosphate-buffered saline were injected in one week after the
last immunization. Research was made in the seventh day after the last immunization of serum by
means of enzyme-linked immunoassay (ELISA) with biotin-modified MCA. Murine splenocytes
which serum contained a high titre of anti-idiotypic antibodies hybridized with myeloma cells X63Ag8-563 according to generally-recognized method of monoclonal antibody technology. At the 7-10th
days after hybridization, cultural liquid was tested to the presence of anti-idiotypic antibodies in
reaction with biotin-modified monoclonal antibodies used for immunization of mice by ELISA.
Elaboration of preparative number of MCA was made by cultivation of hybrid cells in vivo.
Purification of anti-idiotypic antibodies was made by desalting using anion-exchange microcentrifugal column.
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Anti-idiotypic antibodies
, being the “internal image” of polysaccharide brucellar antigens were
identified by immunodiffusion reaction and as follows:
Method 1. Identification of anti-idiotypic antibody ability to react with xenogenic sera positive to
brucellosis.
Polystyrene plates were sensitized by xenogenic monospecific sera positive to brucellosis, in
concentration 5 mkg/ml in bicarbonate buffer pH 9.5. Blocking was made by 1% solution of bovine
serum albumin (BSA) during 1 hour. After cleaning, serial dilutions of anti-idiotypic antibodies on
phosphate-buffered saline with addition of 0.05% twin solution were layered and treated with antispecies conjugates. Reaction was caused by orthophenylenediamine. Normal serum of animals was
used as a negative control.
Method 2. Identification of anti-idiotypic antibody ability to induce immune response to the initial
polysaccharide antigen of Brucella in organism of test animals.
BALB/c mice were immunized with anti-idiotypic antibodies in number of 100 mkg per one animal; 4
times with two-week interval. At the 4th day after the last injection, the immune serum was tested by
ELISA to reaction with Brucella antigen. Serum obtained upon immunization by polysaccharide
antigen was used as a positive control. Normal serum of mice was used as a negative control.
RESEARCH RESULTS
Samples of experimental sera were obtained in the process of linear mice immunization by purified
preparations of monoclonal antibodies specific to polysaccharide Brucella antigen. Research of the
latter by ELISA demonstrated the presence of anti-idiotypic antibodies. Test results of tested sera are
shown in the table below.
Table 1 - Test results of immune serum by ELISA
Serum

Optical density of serum dilutions
1:100

1:200

1:400

1:800

1:1600

1:3200

immunized animal

1.795

1.149

1.025

0.715

0.669

0.250

non-immunized animal

0.142

0.058

0.039

0.033

0.034

0.023

All sera samples tested by ELISA with polyclonal antibodies of rabbits and livestock were titrated to
the dilution 1:3200 as evidenced by extinction ratio – 0.250, exceeding negative control ratio – 0.142.
After hybridization of mice splenocytes, which sera demonstrated the highest titer, with myeloma
cells, growth of hybrid cells was observed at the 7th day in 61 holes of seeded plates. The initial testing
to anti-idiotypic antibody production was made at the 12th day after fusion. Cultural liquid of 39 clones
was selected for this research. Production of anti-idiotypic antibodies was observed in supernatant of 9
hybrid cells – 2A5, 2D11, 3E7, 2D10, 2G9, 3C7, 2D8, 2A6, 2D9. Supernatant of hybrid cells was
tested by ELISA to the reaction with Brucella antigen and reaction with mono-specific polyclonal sera
positive to brucellosis. It should be said that antigens of all tested clones gave positive reaction in both
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cases. Therefore, selection of hybrid cells was made comparatively to antibody activity in tested
reactions. Results of ELISA are shown in table 2.
Table 2 – Test results of cultural liquids of hybrid clones by ELISA
Reagent

Optical density of clone cultural liquid
5

2 6

2D8

2D9

2D11

2 G9

7

3 7

2D10

Ag

0.179

0.019

0.036

0.166

0.087

0.153

0.014

0.035

0.159

Ab

0.478

0.027

0.038

0.536

0.120

0.799

0.053

0.033

0.284

Notes: g – Brucella antigen,

Ab - anti-brucella antibodies;

Optical density of negative control – 0.06

Results of ELISA demonstrate the diversity of antibody nature produced by hybrid cells. At the same
time, significant excess of optical density of anti-idiotypic antibody reaction with mono-specific serum
permits to make a conclusion that tested samples contain the original anti-idiotypic antibodies.
Activity control of obtained hybrid clones during some passages in culture demonstrated that
hybridomas of 2G9 and 2D9 strains are the most stable and active hybridomas selected for further
tests. Identification of anti-idiotypic antibody class in immune-diffusion reaction demonstrated that
hybridomas produce immunoglobulin IgM – 2D9 and IgG2A – 2G9.
These strains were subject to multiple cryo-preservation. Cultivation on feeding macrophage layer
demonstrated stability of biological properties after defrosting. Monolayer of cells formed during 3-5
days (Illustration 2).

Illustration 2 - Monolayer of hybrid cells in culture
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I

II

Illustration 1 - Identification of anti-idiotypic antibody class
Notes: I - antibodies of strain 2D9; II – antibodies of strain 2G9
Immunoglobulin classes: 1- IgM; 2- Ig G1; 3- IgG2A; 4- IgG2B; 5- IgG2C; 6- IgG3
Strains 2G9 and 2D9 stably produced active monoclonal anti-idiotypic antibodies in vitro during some
passages.
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Cells were cultivated in the medium RPMI-1640 and in accordance with modern methods of
cultivation – in serum-free medium EX-CELL where cells were transferred smoothly by reducing
number of cow fetus serum by 5%, 2.5% and 0%. Cells of both strains successfully grew in the
medium RPMI-1640 and medium EX-CELL. Medium EX-CELL is used for the exclusion of foreign
proteins in cultural liquid.
Concentration of monoclonal anti-idiotypic antibodies in ascite after desalting and purification was
2G9 – 8 mg/ml, for 2D9 – 4 mg/ml in vivo.
Activity of anti-idiotypic antibodies was tested in indirect version of ELISA. Results are shown in
Table 3.
Table 3 – Test results of anti-idiotypic antibody activity produced hybrid strains 2G9 and 2D9
in reaction of indirect ELISA
Optical density of anti-idiotypic antibodies in ELISA reaction
Dilutions of anti-idiotypic
antibodies

With rabbit serum against B.
melitensis

With polyclonal positive
livestock serum

2D9

2G9

2D9

2G9

1:100

0.631

0.563

0.778

1.721

1:200

0.462

0.408

0.436

1.246

1:400

0.277

0.242

0.250

0.680

1:800

0.187

0.157

0.192

0.480

1:1600

0.152

0.111

0.101

0.276

Note – optical density of negative control – 0. 172

According to values of optical density shown in Table 3, activity of anti-idiotypic antibodies produced
by strain 2G9 in reaction with livestock serum was 1:1600, in reaction with rabbit serum – 1:400; antiidiotypic antibodies of strain 2D9 reacted in titers 1:400 both with livestock serum and rabbit serum.
Since antibodies of strain 2G9 are more active, the further testing was done with this strain.
Immunoglobulin of strain 2G9 was tested in reaction of immune-diffusion with various antiserum
(Illustration 3).
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1- rabbit polyclonal antibodies against Brucella abortus
2- rabbit polyclonal antibodies against Brucella melitensis
3- livestock serum positive to brucellosis
4- small cattle serum positive to brucellosis
5- monoclonal antibodies specific to polysaccharide Brucella antigen
6 – normal serum
7- anti-idiotypic monoclonal antibodies of strain 2G9
Illustration 3 – Reaction of immune-diffusion of anti-idiotypic antibodies
According to illustration 3, anti-idiotypic antibodies reacted with all antisera positive to brucellosis
and did not react with normal serum of animals that permits to make conclusion on the presence of
anti-idiotypic antibodies A
which may serve as immunochemical alternative of polysaccharide
Brucella antigen.
Two immunization schemes: short scheme – during 2 weeks and long scheme – during 2 months were
tested for identification of protective properties of monoclonal anti-idiotypic antibodies. Antiidiotypical antibodies with further injection of buffer dose 150 mkg stimulated synthesis of tertiary
antibodies reacted with polysaccharide antigen with antibodies. At expiration of immunization period,
tested sera of mice were studied to the presence of tertiary antibodies able to react with polysaccharide
and single Brucella antigen. Results demonstrated non-effectiveness of short immunization scheme
because titers of tertiary antibodies in tested sera were 1:400 in average. After injection of antiidiotypic antibodies according to long immunization scheme, titers were 1:1600 – 1:3200 respectively.
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CONCLUSION
Research results of anti-idiotypic monoclonal antibody properties produced by hybrid cell strain in
reactions of immune-diffusion and idirect ELISA prove the perspective of the selected research and
possibility to develop new immune reagents on their basis. At the present time anti-idiotypic
antibodies are tested by other versions of ELISA. Researches on the obtaining of their Fab-fragments
and methods of their application as immunochemical alternative of polysaccharide Brucella antigen
are made at the present time.
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UTILIZATION OF THE VEGETABLE RESIDUALS WITH THE HELP OF CELLULOSE
DESTRUCTING MICROMYCETES OF THE SORT CHAETOMIUM
Ainash Nauanova, Raya Aidarkulova, Aiman Nazarova
S.Seifullin Kazakh Agro Technical University, Kazakhstan,
Astana, prospect Pobedy, 62

Abstract
Results of research of cultural – morphological signs of soil fungus of the sort Chaetomium, secured
in conditions of Northern Kazakhstan and their definition in decomposition of vegetable residuals in
various agricultural crops in conditions in vitro were given in the article.
Key words: cellulose destructing fungus, grain crops, biological product.
1. INTRODUCTION
Minimizing processing of the soil is very actual in modern agriculture. The minimum and zero
processings are considered perspective for further development of grain production in our country as
they are low-cost, power - and resource-saving, demand not enough manpower, and also protect the
soil from erosion, keeping fertility and soil structure.
Preservation of an eddish and all stubble residuals on a field surface practices for accumulation of
organic substance in zero technology, i.e. all straw is crushed and scattered after cleaning, and crops
are made directly on background which is sterned, with seeders of direct seeding (Koshayeva &
Nauanova 2011).
Destruction of the regulation mechanism of accumulation processes and decomposition of organic
substance in natural ecosystems is fraught with large-scale ecological disasters. Dynamics of
accumulation of a biomass at natural development of biogeocenosis has to be counterbalanced by
dynamics of its decomposition (Terekhova, 2007).
Biological products on the basis of cellulose destructive mushrooms can be used in increase of fertility
of soils at the expense of intensive humification of the postharvest vegetable residuals at zero
technology of cultivation of crops (Koshayeva & Nauanova 2011). It is established by research that
exactly filamentous microorganisms make the main contribution into a mineralization of the vegetable
remains in the soil: microscopic fungus make to 50% of a microbal biomass of humus. Micromycetes
are the first who colonize with vegetable residuals owing to high growth rate (Mirchink 1988). Thanks
to filamentous structure of a vegetative body, an absorptive way of a food and the features of enzyme
systems allowing most fully colonize and utilize a substratum, fungus are the main destructors of the
modern household waste which most part is made by cellulose destructive and other polymeric
materials (Vedenyapina, Lebedeva & Nugayeva 2006). Lignin, hemicelluloses, cellulose and
polycyclic aromatic hydrocarbones are decayed practically only fungus (Cerniglia & Sutherland
2001).
Now importance and relevance of research in the field of bioconversion of numerous agricultural and
industrial wastes are obvious. It is defined by that the vegetable biomass is almost inexhaustible source
of raw materials for receiving protein, enzymes and other physiologically active connections. On the
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other hand, ability to growth on vegetable substrata is widespread among microorganisms. For
conversion of lignocellulose materials filamentous fungus which thanks to synthesis of a wide range of
hydrolytic and oxidizing enzymes, to high penetration of a mycelium in a substratum provides the
most effective degradation of all components of vegetable raw materials (Babitskaya 1993) are the
most adapted.
One of the main processes used for transformation of organic waste in almost valuable product is the
composting, which is successfully applied through many centuries. Now at huge quantities of
municipal waste there was a need to replace natural process of processing biotechnological. For this
purpose in world practice various groups of microorganisms, including fungus (Vedenyapina,
Lebedeva & Nugayeva 2006) are applied.
The main cellulose destructive mushrooms are fungus from the sort Chaetomium, a little in smaller
quantity fungus from the sort Verticillum, Cladosporium, Stachubotris, Mycor, Trichoderma,
Alternaria, Aspergillius and mushrooms with a pink and black mycelium (Terekhova 2007).
Mushrooms of the sort Chaetomium are widespread in land ecosystems. They meet on the vegetable
remains, wood, in the soil, a dung of herbivores, birds and are an important component of food chains.
The majority of known species of fungus of Chaetomium is included into group of the mesophilic
organisms developing in the wide range of temperatures. Many representatives of the sorts
Chaetomium can use cellulose as a carbon source. This feature allows them colonize successfully
cellulose destructive substrata, including straw (Karamshuk 1971).
Use of various nutritious substrata for determination of speed of a spore formation of cellulose
destructive fungus of Chaetomium provided one purpose – justification for receiving a biological
product on the cheap and convenient nutritious material, used for a composting of various waste of
agriculture.
2. METHODS OF RESEARCH
Experiments are made in vitro in 2010-2012 in laboratory of microbiology at S.Seifullin Kazakh Agro
Technical University.
We determined the number and structure of a complex of soil microorganisms by a method of crops of
cultivations of soil suspension on dense nutrient mediums. Colonies of the microorganisms using
cellulose as a food were found when carrying out the mycologic analysis.
After repeated resowings accumulative cultures of mushrooms from the sort Chaetomium were
received. Then pure cultures of strains of fungus of the sort Chaetomium (piece 1, piece 2, piece 3,
piece 4) were received. At the description of fungus species of the sort Chaetomium used N. P.
Cherepanova's monograph (Cherepanova 1989) and T.S.Kirilenko's determinant (Kirilenko 1978). At
definition of types of mushrooms strains of the sort Chaetomium the structure of terminal appendages,
length and the sizes of fruit bodies, volume an ascospores were attentively studied. Features of a
structure, length and the sizes of fruit bodies were studied at increase by 600 times, a structure an
ascospore, terminal and lateral appendages - at increase in 1600 then are photographed by a
microscope with the software "Biomed-4".
For studying of growth and development of cellulose destructive fungus of the sort Chaetomium on
various substrata straw of crops, such as soft wheat, barley, oats and pods of an oil-bearing crop of a
rape was used. As control filter paper served. In experience the vegetable residuals were entered into a
hungry agar in number of 2 g, 4 g and 6 g on 100 ml of the environment. For the sixth days of
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cultivation cultural-morphological signs of growth and development of cellulose destructive fungus
were described, and after 30 days - weighed the residual weight of the brought vegetable residuals.
3. RESULTS OF RESEARCH
As a result of the microbiological analysis rizosphere of various crops, are allocated the
microorganisms destroying cellulose. Cellulose decomposition in humus is carried out by
Cladosporium fungus (20%), Chaetomium (30%), and also ray fungus different types (25%) and
mycobacterium of the sorts Cytophaga, Polyangium, Sorangium (25%) (figure 1).

a

b
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Fig.1. Structure of a fungus of Chaetomium angustum Chiv.
– Mem. Torrey Bot. Club.
a - perithecium (increase 10 16); b - ascospores; c – terminal
appendages (increase 100 16)
Strains of fungus the sorts Chaetomium Ch.1, Ch.2, Ch.3 represented in figure 1, on determinants were
identified as the soil microscopic fungus which are belonging to the class of Ascomycetes, to
Sphacriales order, Chaetomiaceae family, the sort Chaetomium, a type of angustum (Chiv. – Mem.
Torrey Bot. Club).
According to the morphological description of strains of a perithecium brown, spherical, micron sizes
180-290×190-300. There is a lot of terminal appendages, straight lines from below, above twirled in a
spiral with 3-5 spiral turns, pointed, painted in black color, roughly asperous, 5-6 microns wide,
evenly septated. Lateral appendages – short, direct, black color. Disputes dark brown, wide oval,
extended on both ends, the micron sizes 9,5-9,8×7,0-8,5.
Strains of fungus of the sort Chaetomium Ch.4 (see Fig.2) on determinants were identified as soil
microscopic fungus belonging to the class Ascomycetes, to Sphacriales order, Chaetomiaceae family,
the sort Chaetomium, a type of spirochaete (Palliser – N. Amer. Flora).
Morphological signs following: Peritetion dark brown, ellipsoidal, the micron sizes 250-320×225-280,
with a narrow stomas and numerous rhizoids.
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a

b
Fig.2. Structure of a fungus of Chaetomium spirochaete Palliser – N. Amer. Flora.
and - perithecium (increase 10 16); - ascospore (increase 100 16)
Terminal appendages from the basis at considerable distance direct, then twisting from 8-10 by turns,
with a diameter of 25-30 microns. Appendages in the lower part 4-5 microns thick, acanthaceous, dark
brown, accurately septated. Lateral appendages simple, peritheciums in the lower part direct, rather
short, become closer to a top a perithetium they longer and imperceptibly merge with topmost
appendages. These appendages at the basis 3,5-4,0 microns thick, acanthaceous, brown.
Lateral appendages simple, in the lower part a perithetion direct, rather short, become closer to a top a
perithetion they longer and imperceptibly merge with topmost appendages; these appendages at the
basis 3,5-4,0 microns thick, acanthaceous, brown. Disputes flattened with the convex and bent parties,
from the flat party wide elliptical, pointed at both ends, 8,8-10,5 8,0-8,5 microns.
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When studying growth and development of micromycetes on various substrata it is revealed that
growth of fungus of Chaetomium on the filter paper used as control, in comparison with development
on environment with the vegetable remains was weak (see Table 1).
Table 1. Growth and development of fungus of the sort Chaetomium on the various
vegetable remains of crops
Pcs.

Diameter of colonies of micromycetes on a hungry agar with various quantity of the brought
vegetable residuals, mm
2g

4g

6g

Absorbent paper (control)
Ch. 1

17,9±0,69

16,4±0,76

15,2±0,62

Ch. 3

16,8±0,62

15,0±0,72

14,3±0,66

Ch. 4

16,7±1,17

15,5±1,05

14,7±1,03

Vegetable residuals of barley
Ch. 1

34,4±0,94

35,6±0,33

33,4±0,68

Ch. 3

32,5±1,10

36,4±0,84

28,6±1,01

Ch. 4

34,0±1,13

28,6±1,01

30,0±1,13

Vegetable residuals of oats
Ch. 1

34,9±1,38

35,8±0,66

33,5±2,04

Ch. 3

30,8±1,30

36,8±0,66

34,0±1,13

Ch. 4

34,0±1,13

28,8±0,66

30,0±1,13

Vegetable residuals of soft wheat
Ch. 1

28,4±1,3

28,9±1,13

32,3±0,92

Ch. 3

27,8±0,96

27,5±`1,13

32,6±0,93

Ch. 4

32,1±1,7

33,3±1,12

32,3±0,79

Vegetable residuals of rape
Ch. 1

41,3±1,27

31,6±1,13

35,6±2,10

Ch. 3

39,7±0,86

32,3±0,72

33,3±1,44

Ch. 4

32,3±0,86

35,3±0,86

33,1±2,14

Despite a rare mycelium sort Chaetomium mushrooms nevertheless formed disputes, diameter of
colonies made 14,3-17,9 mm. On the vegetable remains of barley at sort Chaetomium fungus the air
mycelium of whitish and yellow color, diameter of colonies made 28-35 mm (see Fig.3).
When using straw of oats at Chaetomium fungus color of colonies changed from white to gray
depending on quantity of the brought remains. Diameter of colonies made 28,6-36,4 mm. On straw
from soft wheat fungus of the sort Chaetomium showed weak growth, the filamentous lawn was rare.
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The sizes of colonies of Chaetomium made 27,5-33,3 mm. Spore bearing was late. Chaetomium
fungus on the environment with the crushed pods of a rape showed good growth. Air mycelium of
colonies of fungus was of white color. On colonies star-shaped prints of secondary growth were
observed. Spore bearing was plentiful.
As showed results of research, color of colonies and intensity of development of cellulose cellulose
destructive fungus changed from a type of the used vegetable remains that is explained by a various
chemical composition of plants.

a

b
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c
Fig.3. Cultural – morphological features of growth of cellulose destructive fungus on various substrata
A - on pods of a rape: 3, 4, 5 – colonies of a fungus of Ch.1; B - on barley straw: 7, 8, 9 – colonies of
a fungus of Ch. 4; C – on oats straw: 6, 7, 8 – colonies of a fungus of Ch. 4
Cellulose activity of micromycetes differed depending on types of the vegetable remains. Judging by
figure 4, on intensity of use of the vegetable remains all strains of fungus of the sort Chaetomium
showed high activity of decomposition of straw of barley and a rape (see Fig.4).
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Fig.4. Intensity of decomposition of the various vegetable remains sort Chaetomium mushrooms
The strain of Ch.1 showed high extent of decomposition on all options, except control. Especially high
cellulose activity was on barley and a rape where decomposition increased from 70 to 97%. Straw of
oats and soft wheat used within 80-87%.
Ch strain. 3 I decomposed the vegetable remains of all cultures to 78-88%, except a colza where extent
of decomposition reached 86-95%.
Ch.4 strain on use of straw of barley was more active, than Ch.3 strain, but is weaker in comparison
with Ch.1 where extent of destruction made 90-93%. If on oats and a rape this indicator was at the
level of 76-87%, on filter paper cellulose activity didn't exceed 75-81%. Straw of soft Ch.4 wheat I
decomposed to 81-92%, in comparison with control.
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When studying a spore formation of cellulose destructive mushrooms of the sort Chaetomium on
various substrata it is established that all strains of studied mushrooms are capable to spore formation
process irrespective of character of a substratum. The greatest accumulation and spore formation at a
strain of Ch.1 is revealed on straw, sawdust and on seeds of the barley, respectively 131 million
dispute/ml, 121 million dispute/ml and 129 million dispute/ml of suspension (see Table 1).
Table 2. Caption of strains of mushrooms of the sort Chaetomium on various substrata
Substrate

Titer of biopreparation, mln. spores
Ch. 1

Ch. 2

Ch. 3

Ch. 4

Straw

131±3,30

67±1,56

58±1,34

233±6,78

Sawdust

121±3,65

53±1,65

96±2,75

238±7,31

Barley

129±3,2

153±4,45

126±3,67

271±7,64

Among strains of a fungus of Chaetomium Ch.2 strain appeared the most whimsical, the caption of a
biological product didn't exceed 67 million dispute/ml on sterile pieces of straw.
At Ch.3 strain on sterile grains of barley the most intensive spore formation where for the 20th days of
cultivation the quantity dispute reached 126 million dispute in 1 ml of suspension is observed.
On all substrata high rates of a spore formation at Ch.4 strain are noted. And intensive spore formation
of a strain of Ch. 4 233 million dispute/ml and 238 million suspension dispute/ml respectively are
established on straw and sawdust. On barley a caption dispute of a fungus was maximum - 271 million
dispute/ml.
As a whole, among the tested substrata for active strains of Ch.1 and Ch. 4 the most suitable there was
a straw, seeds of barley and sawdust.
The next time of research testify that active strains of cellulose destructing fungus of the sort
Chaetomium can be a basis for receiving biological products for use in increase of fertility of soils at
the expense of effective decomposition of the postharvest vegetable remains.
4. CONCLUSIONS
In the conditions of the dry steppe of Northern Kazakhstan decomposition of the vegetable remains
goes extremely slowly. Strains of mushrooms of the sort Chaetomium (Ch.1, Ch.2, Ch.3, Ch.4,) are
well adapted for conditions of soils of Northern Kazakhstan, possess high destructive ability
concerning the vegetable remains.
As showed results of research of growth and development of cellulose destructing mushrooms of the
sort Chaetomium on various substrata, color of colonies and intensity of development of cellulose
destructing fungus changed from a type of the used vegetable remains that is explained by a various
chemical composition of plants. Intensity of decomposition of the vegetable remains of various crops
fungus of Chaetomium depends on quantity of used substrata. The more the mass of the brought
vegetable remains, occurs their decomposition more intensively.
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Among the tested substrata for active strains of Ch.1 and Ch. 4 the most suitable there was a straw,
seeds of barley and sawdust.
Active strains of cellulose destructing mushrooms of the sort Chaetomium can be used in increase of
fertility of soils at the expense of intensive humification of the postharvest vegetable remains at zero
technology of cultivation of crops, and also in bioconversion of cellulose destructing materials in
various industries.
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OF WHEAT
Ainash Nauanova, Zhanabil Bisenov, Gulzira Ishmukhanbetova
S.Seifullin Kazakh Agro Technical University, Kazakhstan,
Astana, prospect Pobedy, 62

Abstract
The article presents results of the study of biological that are based on bacteria of the genus
Azotobacter, their influence on the growth and development of wheat in Northern Kazakhstan. It is
established that the use of nitrogen-fixing bacteria of the genus Azotobacter immobilized in sulfur
zeolite, improves nitrogen-fixing capacity of soil to 21% and wheat yields in wet years on average to
4-5 h/h, and in dry conditions until 1 h/h.
Key words: bacteria fixing nitrogen, grain crops, biological product.
1. INTRODUCTION
One of the main functional components of the soil as the most difficult system are microorganisms
occupying it. Character and intensity of biological circulation of substances, scale of fixing of
atmospheric nitrogen, ability of the soil to self-cleaning depend on activity of microorganisms. Many
microorganisms as the most important components of an ecosystem and the sensitive indicators of
changes occurring in it which are using for biomonitoring of biological properties of the soil, are
irreplaceable participants of formation of soil fertility and the catalyst of mineralization processes of
organic substances which arrive to the soil in the course of cultivation of crops (Nauanova &
Tchurkin 2007).
Numerical and specific structure of microscopic organisms of various soils differ big dynamism. The
maintenance of bacteria, ray fungus and mushrooms in the soil doesn't remain to constants, it naturally
changes depending on a number of factors: humidity, temperatures, cultivation of the soil, availability
of nutrients, toxicity, antagonistic relationship in microbic cenosis, introduction of mineral and organic
fertilizers. The number of microorganisms, and also their biological diversity substantially is defined
by technology of processing of the soil and introduction of organic fertilizers (Lynch 1990). At
favorable climatic conditions the quantity of microorganisms and their activity after soil fertilizer
considerably increase, humus disintegration amplifies mobilization of nitrogen, phosphorus and other
elements increases.
The intensification of agricultural production for the last half century, based on application of high
norms of mineral fertilizers, led to exhaustion of natural potential and fertility of soils, worsened
quality of water, air and agricultural production. Therefore ecologically balanced land use based on
application of biological preparations comes to change to intensive land use. Now the problem of
receiving essentially new preparative forms, capable to provide both protection of plants against
causative agents of diseases, and a complex mineral food of microbic cages and a vegetable organism
is very actual. One of such biological products is azotobacter, made on the basis of active strains of the
nitrogen fixing microorganisms, providing a nitrogen fixation, control of development of pathogens,
producing physiologically active agents. In this regard we created laboratory samples of a biological
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product azotobacter on the basis of the new strains allocated from the southern carbonate humus of
Northern Kazakhstan.
2. RESEARCH METHODS
As objects of research strains of soil bacteria from the sort Azotobacter (Az-1, Az-2, Az-3, Az-4, Az5,), biological products created on their basis, wheat grade Astana 2, a mineral sulfur zeolite as a filler
for a laboratory sample of a biological product served.
Field tests of experimental forms of a biological product azotobacter carried out on the basis of
stationary experiences at S.Seifullin Kazakh Agro Technical University. On the anazotic liquid
environment of Eshbi on shakers the biomass of 5 strains of an azotobacter, with continuous control of
temperature,
and availability of sugar is acquired. The caption of bacteria by a crops method in
Petri's cups from 4, 5, 6, 7 cultivations is determined. The acquired biomass of bacteria was
immobilized in structure sulfur zeolite. Before crops the inoculation of seeds of wheat in a dose of 200
g of a preparation on hectare norm of seeds was made. Crops of wheat of a grade Astana 2 were
carried out on a sternal background on May, 25 by seeders of direct crops on depth of 5-6 sm. Norm of
seeding of seeds of wheat of 2,5 million/hectare.
The accounting of defeat of plants root decay carried out to a phase of wax ripeness. For the analysis
dug out on 25 plants from each frequency of a field experiment, intensity of defeat of grain crops root
decay established on the 4th ball scale (Korshunova, Chumakov & Shchekochikhina 1976):
0 – symptoms of an illness are absent;
1 – on the basis of a stalk and its underground part brown strokes, spots (10% of a surface are struck);
2 – brown strips and the spots covering 50% for a surface of body;
3 – continuous becoming brown of the first stem and underground interstice;
4 – lack of productive stalks in the presence of symptoms on point 3.
The structural analysis of plants of wheat, the maintenance of nutritious elements and number of
microorganisms in the soil it is carried out by the standard techniques.
3. RESULTS OF RESEARCH
For the purpose of influence definition of biological products on biological activity of the soil change
of total number of microorganisms depending on types of biological products with the azotobacter
immobilized in their structure in the southern carbonate humus of Northern Kazakhstan was studied.
Results of the conducted research showed (see Table 1) that in a stooling phase Az-3 immobilized in
structure sulfur zeolite had positive effect of biomineral preparations on development of bacilli more.
The number of the bacteria, acquiring organic nitrogen, on this option made 1,9 million/g soil. During
the vegetative period the quantity of the bacteria acquiring organic forms of nitrogen, prevailed on
options with application of biomineral preparations. Favorable conditions for reproduction of nitrogen
uptaking microorganisms developed on options with application of an azotobacter of Az-1 and Az-2.
Here the noticeable increase in the bacteria acquiring mineral forms of nitrogen that reflects high
intensity of processes of transformation of fossils at which mineralization, probably, there is a shift
towards bigger humification and formation of again synthesized organic compounds promoting
restoration and increase of fertility of the soil is observed.
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As the indicators reflecting agronomical value micro biocenosis, quantitative values of a ratio of
number of microorganisms of various taxonomical groups are used. One of such indicators is the
relation of number of bacteria to quantity of the fungus, called by a relative indicator of a bio
hennosity of the soil (Tchernikov, Aleksakhin & Golubev 2000). Quite high bio hennosity is inherent
in the southern carbonate humus, and in the cultivated soil it is higher, than in the virgin.
The maximum quantity of cellulose destructing microorganisms is noted on options with application
of a strain of Az-1 that once again emphasizes stimulating effect of a biomineral complex on
development and distribution of soil microorganisms in the soil.
Table 1. Influence of biomineral preparations on dynamics of number
soil microorganisms.
Microorganisms in 1g of soil
bacterias, adopting nitrogen, mln.
Variant

organic

fungi, thousands

cellulose
destructing,
thousands

mineral

1

2

3

1

2

3

1

2

3

1

2

3

Control

0,6

0,4

0,5

4,0

2,8

6,6

2,5

3,1

4,3

4,7

28,6

-

Az - 1

0,9

0,8

1,5

13,6

9,0

12,3

5,2

3,8

4,1

7,0

86,2

-

Az - 2

1,6

0,7

1,8

6,5

2,2

9,7

2,7

6,4

7,6

4,2

26,3

-

Az - 3

1,9

1,2

0,6

5,5

4,0

7,6

2,0

5,7

6,0

5,3

47,0

-

Az - 4

0,8

0,8

0,5

9,2

3,4

8,5

3,4

3,8

5,4

3,6

21,6

-

Az - 5

1,6

0,9

1,6

11,1

5,6

13,0

1,2

5,2

3,9

5,3

27,2

-

Note: 1 – the first term of selection of soil samples during tillering period;
2 – the second term of selection of soil samples during flowering-earing period;
3 – the third term of selection of soil samples during period of complete ripeness.

Development of an azotobacter in the soil, and also in a rhizosphere of plants happens in association to
other representatives of soil micro flora who are very numerous and extremely various on the
biological properties. Cohabitation of many microorganisms to an azotobacter is connected with use of
the nitrogenous connections allocated by the last in environment, and also synthesis of physiologically
active agents.
The quantity of microorganisms in a rhizosphere of plants is in direct dependence on level of a food,
intensity of a metabolism, growth and age of plants. Root allocations of plants play an important role
in development of an azotobacter, it uses them as the power supply, fixes atmospheric nitrogen due to
organic substances allocated by roots.
Studying microbiological activity of the soil under wheat crops with biomineral preparations, made
observations over accumulation of an azotobacter in the soil of experimental options. On options
where cages of an azotobacter took root into structure of biomineral fertilizers, its quantity increased
(see Fig.1).
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Activity of nitrogen fixing bacteria of the sort Azotobacter in the soil of experimental options isn't
identical during the vegetative period. In spring, by the time of full shoots of crops the azotobacter
stirs up the activity. On options with application azotobacter this bacterium is found twice more often
than on control. In a phase of flowering and full ripeness a biological product on the basis of Az.
chroococcum Az-3 increased quantity of cages of an azotobacter by 1,5-2 times in comparison with
control. In this case the azotobacter affects as a producer of biologically active agents stimulating
microbiological processes in the soil and a rhizosphere, and also operating directly the highest plants.
The majority of researchers notes a change of number of an azotobacter depending on a phase of
development of plants. However in the conditions of insufficient moistening the greater influence,
than change of phases at plants has a mode of soil moisture.
Inoculation of wheat a biological product azotobacter NordKz promoted increase in number of the
bacteria acquiring mineral forms of nitrogen, and also cellulose destructing fungus which strengthened
processes of transformation of fossils, promoting restoration and increase of fertility of the soil.
We carried out analyses by definition of the content of the organic substance (humus), selected in
crops of wheat, inoculated various strains of an azotobacter.
The maintenance of a humus in the soil under crops of wheat varied from 3,56 to 3,61%. Some
increase in organic substance is noted on option with crops of wheat processed by a strain of Az-5,
making 3,61 that is 0,06% higher than option without introduction of an azotobacter.
It can be explained to that in soil conditions mycolitical bacteria, eating mushroom myceliums, create
cyclic connections like benzoic acid sodium which are the good power supply for an azotobacter.
Finally, as a result of its activity humic similar substances, on the properties soils very close to humic
substances are formed. Thus, the azotobacter developing in the conditions of the soil at the expense of
products of disintegration of fungus, forms phaeochrous humus similar substances that speaks about
its significant role in biogeochemical processes of the soil.
The carried-out analysis of the soil showed that the content of nitrate N-NO3 nitrogen in the soil under
crops increases at introduction of an azotobacter (see Fig.2).

175

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

ISSN 1314-8591 Published at: http://www.scientific-publications.net

Fig.1. Survival of an azotobacter in a rhizosphere of wheat when using laboratory samples of
azotobacter.
The maximum content of nitrate nitrogen is observed at introduction of an azotobacter Az-1 strain.
During wheat maturing the content of nitrogen decreased on all experimental options, it is caused by
carrying out of nutritious elements on crop formation. The high content of nitrogen in a phase earingflowering is observed on option with application of an azotobacter of Az-4 in comparison with control.
On level of security experimental options with introduction of biological products are characterized by
mobile forms of phosphorus as average income. The content of phosphorus varies ranging from 21 to
27 mg/kg of the soil. By the end of the vegetative period the content of phosphorus remained high at
the expense of additional intake of nutrients with biological products.
Action of biological products can be defined on accumulation by plants of nitrogen by a number of
factors among which major importance belongs to security of plants with nitrogen which in turn
depends on its fixing diazotrophs, and also enhancement of consumption by nitrogen plants from the
soil as a result of microbe static effect.
The carried-out field tests allowed reveal efficiency of the received strains of the azotobacter
possessing expressed stimulating effect on growth and development of wheat.
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Fig. 2. The maintenance of nutritious elements on the southern carbonate humus under wheat crops
against application azotobacter (in a layer of 0-20 cm).
Actions of azotobacter were studied not only on parameters of soil fertility, but their influence on
efficiency of grain crops was also studied.
Results of the structural analysis showed that nitrogen fixing bacteria more positively influence safety
of plants, number of grains in an ear, and also on the mass of 1000 seeds. Productivity of a springsown field depending on use of various strains of an azotobacter varied within 23,2 - 27 c/hectare (see
Table 2).
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The maximum level of productivity is observed on option with application of a strain of Az-2 and
made 27 c/hectare. High productivity was observed and on option with application of a strain of Az-4
(26,1 c/hectare).
Increase of the most harmful disease of grain crops – root decay which annually reduces productivity
of grain of spring-sown soft field by 20-23% is noted in Kazakhstan, thus in grain protein content
decreases, quality of a gluten (Chulkin of et al decreases. 2000). The disease can be shown during the
whole period of vegetation of plants, causing death of shoots, lag of plants in growth, a frail of grain
and dying off of stalks (Sanin, Tcherkashin & Nazarov 2002).
Table 2. Change of elements of structure of a crop of wheat in connection with application of
azotobacter.
Variant

Productive
bushiness

Plant height,

Ear length,

sm

sm

Number of
grains in an
ear,

Mass 1000
of grains, g

Crop
productivity,
c/h

pieces
Control

1,5

110

8,0

15

37,0

20,1

Az-1

1,5

110

9,0

18

39,0

23,5

Az-2

1,5

105

8,0

25

38,6

27,0

Az-3

1,7

110

9,0

30

39,5

25,1

Az-4

1,9

105

7,0

28

38,4

26,1

Az-5

1,6

102

9,0

26

39,8

23,2

-

-

-

7,1

1,7

2,5

05

Suppression of root decay by chemical methods has a number of the restrictions connected with
emergence of super persistent strains, and also with adverse ecological effects of application of
pesticides in crops. Therefore, development of biological methods of protection of plants and increase
of a suppression of soils concerning mushroom plant pathogenic (Sokolov, Monastic & Pokushova
1994) is actual.
Use of nitrogen fixing bacteria for an inoculation of cultural plants is one of perspective agro
technologies which can provide effective biocontrol of pathogens and by that to minimize use of
pesticides and fungicides in agriculture. Azotobacter, producing anti fungal antibiotic substances,
helps plants to raise and develop that has especially great value in early phases of their development
(Terekhov & Yezhova 1997).
The greatest distribution and development root is noted by the decay on control option of 20,9% and
6,9% respectively. Favorable climatic conditions affected and growth of an azotobacter. Biological
products on the basis of strains limited illness development on the average for 23,1-46,2% that led to
growth of productivity of wheat on these options. Biological efficiency of the tested strains of an
azotobacter against root decay quite high (see Fig.3). The highest biological efficiency is revealed on
sites where seeds were processed by Az-3 and Az-5 strains. Economic efficiency of processing of
seeds of wheat biological products on the basis of Az-2 and Az-4 was the highest, respectively –
25,6% and 23,0%.
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The results of antagonistic and growth incitanting Azotobacter chroococcum properties received by us
assume their further use in protection of plants against mushroom diseases. The biological product on
the basis of a strain of Az-3 appeared the most effective in fight against mushroom diseases.

A

B
Fig. 3. Biological (A) and economic (B) efficiency of preseeding processing of seeds of wheat
azotobacter.
4. CONCLUSIONS
For the first time biological products on the basis of strains of nitrogen fixing bacteria Azotobacter
chroococcum immobilized in sulfur zeolite, allowing increase productivity in damp years on the
average to 4-5 c/hectare are developed and tested.
Results of the conducted research testify that any of the tested biological products has no negative
impact on crop formation.
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Biological efficiency azotobacter against root decay averaged 35%, and economic efficiency of use of
biological products - 20%. Decrease in development of a disease in wheat crops on the average for
44% and distribution restriction - for 32% is established.
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THE EFFECT OF POSTHARVEST HEAT TREATMENT ON THE HEALTH
CONDITION AND CONTENT OF VITAMIN C IN APPLES STORED
Marek Grabowski, Katarzyna Macnar, Jan Skrzy ski
Department of Pomology and Apiculture, University of Agriculture, Cracow, Poland

Abstract
Apples of Idared, Jonagold, Ligol, Šampion and Topaz varieties were subject to thermotherapy in
water at temperature of 45, 50, 52, 55°C for 60, 120, 180 and 240 seconds. After three-month storage
the content of L-ascorbic acid in fruits was determined by using the spectrophotometric method. After
16-week storage and during so called the simulated trade turnover the fruits were checked for health
condition. The research shown a favorable effect of hot baths on health condition of the apples,
optimal the temperature range of 45-52°C for 120-180 seconds used in thermotherapy. The content of
vitamin C in apples was different depending on variety, treatment temperature and washing time.
Key words: storage diseases, L-ascorbic acid, thermotherapy treatment, apples
1. INTRODUCION
The regular intake of fresh fruits and vegetables is a common issue in the twenty first century due to
advantageous effect on human health (Liu 2003). At the same time more and more attention is paid to
fruit protection against pathogens by using environmentally friendly methods (Klein and Lurie 1992,
Grahovac et al. 2011). The highest apple losses during storage are caused by infestation with the fungi,
namely Gloeosporium spp, Botrytis cinerea, Neonectria galligena, Penicillium expansum, Alternaria
alternata as well Monilia spp., that promote fruit rotting (Tian 2007, Kelderer et al. 2010, Maxin et al.
2012). The short time post-harvest fruit immersion in warm water can reduce the occurrence of
infectious diseases in storage (Fallik et al. 1996, Schirra et al. 2000, Kelderer et al. 2010). However,
the treatment can affect the quality of fruits (Lurie 1998).
Vitamin C belongs to the group of exogenous ingredients necessary for proper functioning of human
body and therefore should be delivered with a food. It performs many of crucial functions, including
biosynthesis of collagen, catecholamines and metabolism of lipids. Like vitamin E, it is a main
antioxidant in human blood and body fluids, has an effect on iron absorption and is assigned an ability
to keep cholesterol at specified level as well as a stimulating impact on organism immunity (BorekWojciechowska 2007, Silalahi 2002, Wierzbicka and Kuskowska 2002, Wojdy a et al. 2008). Fresh
fruits and vegetables are very important source of vitamin C (Melo et al. 2006, Sikora et al. 2008). In
Poland apples constitute about 70% of all fruits and are available all year around and rich of various
nutrient ingredients, including vitamins (Dyngus 2010, Pyryt and Wrze niak 2011). According to
Pyryt and Wrze niak (2011) the content of vitamin C in desert apples ranges between 5 – 18 mg•100
g-1 depending on cultivar. Lee and Kader (2000) think that the abundance of this vitamin in fruits
depends on such factors as genotype differences, climate conditions during growing, fertilizing and
post-harvest fruit handling (storage temperature, CO2 concentration, heat treatment). So far there are
little research studies on changes of the content of vitamin C in various apple cultivars treated in hot
water baths.
The aim of this experiment carried out in the years 2010-2012 at the the Department of Pomology and
Apiculture at the University of Agriculture in Kraków was to examine an effect of water temperature
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and exposition time during thermotherapy treatment of apples after harvesting on the health condition
and on the content of vitamin C in the form of L-ascorbic acid in several apple cultivars.
2. MATERIAL AND METHODS
The examinations covered the four trade leading apple cultivars – ‘Idared’, ‘Jonagold’, ‘Ligol’
‘Šampion’ and the scab resistant variety Topaz. The fruits were taken from the Department of
Pomology and Apiculture at the University of Agriculture in Kraków in Garlica Murowana. The
mechanically undamaged apples that showed no disease symptoms were harvested in optimal maturity
time from various tree crown parts.
Directly after harvesting the fruits were subject to water bath. For each apple cultivar 16 sets of 60
apples were prepared and successively treated with hot water. The subject of the experiment was both
water temperature (45, 50, 52, 55°C) as well as thermotherapy time (60, 120, 180, 240 seconds). After
washing the fruits were quickly dried and cooled with air stream generated by fans and then placed in
plastic boxes in typical cooler (temperature of 3°C, humidity of 92%) and covered with polyethylene
foil to reduce transpiration. The control was untreated fruits.
After three months a sample of 15 apples was taken randomly from each combination. From each fruit
two parenchyma parts were taken with skin, one from a coloured side and one from an opposite side
and were mixed in oxalic acid to obtain a mixed sample. Three weighed amounts were prepared for
each combination of 20 g and moved into measuring flasks of 100 mL in capacity. The samples
complemented with an extraction solution were kept in dark for 40 minutes, and then mixed and
filtered. The content of L-ascorbic acid was determined spectrophotometrically according to the
Polish standard PN-A-04019 (1998) by using the spectrophotometer PHARO 100 of MERC and
wavelength = 500 nm. The content of vitamin C was expressed in mg•100 g-1 . m.
The obtained results were subject to statistical computations with the variance analysis method by
using the NIR Fisher test at the significance level = 0.05. The calculations were made with the
computer program STATISTICA 9.
The fruits were checked for overall condition after 16 weeks in storage and during so called the
simulated trade turnover. The number of apples showing symptoms of fungal infestation was recorded
and expressed in percentage of all stored fruits subject to the same treatment.
3. RESULTS AND DISCUSSION
The thermotherapy treatment used after fruit harvesting can affect their qualitative features (Fallik et
al. 1996, Skrzy ski 2007). Tahir (2006) showed that heat treatment causes changes in fruit wax
envelope that by dissolving can form an uniform structure and submerge fungi spores. Klein i Lurie
(1992), and Tahir et al. (2009) think that the fruits exposed to higher temperatures are more compact,
better taste and colour. The researches carried out indicate a different effect of thermotherapy
treatment used directly after apple harvest on variations in the content of vitamin C in fruits depending
on cultivar, treatment temperature and treatment time.
No statistically significant differences compared to the control were found for the Jonagold cultivar
treated with water at 45°C for 60, 120 and 180 seconds (Fig. 1), where the content of vitamin C ranged
from 15.5 to17.1 mg•100 g-1 . m. The value of this parameter decreased with increased treatment
temperature. The lower values were recorded for exposition time of 240 seconds compared to other
treatments – min. content increased up to 10.0 mg•100 g-1 . m.

182

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

Vitamin C content [mg·100g-1]

ISSN 1314-8591 Published at: http://www.scientific-publications.net

17,1 a*

16,6 a 16,7 a
15,5 b

14,0 c
13,3 cd
11,5 g
12,4 ef
12,9 de
11,6 g
11,8 fg
10,4 hi
11,4 g
11,2 gh
11,0 gh
10,4 hi
10,0 i

Treatment

Fig. 1. The content of vitamin C of ‘Jonagold’ apples in the years 2010-2012;
*means followed by the same letter do not differ at a significance

= 0.05

Vitamin C content [mg·100g-1]

An advantageous effect of treatment at 45°C (regardless of exposition time) compared to the control
was observed for cultivars Idared (Fig. 2) and Ligol (Fig. 3). The experiments performed by
Trierweilera et al. (2003) showed a similar relationship for the cultivar Elstar treated at 53°C for 120
seconds.

17,6 a
16,0 b

11,3 e*

13,2 c
12,0 d

11,4 e
7,3 j

12,3 d

10,0 f

9,1 g
8,6 h

9,8 f
8,3 h

10,0 f

9,9 f
7,7 ij

Treatment

Fig. 2. The content of vitamin C of ‘Idared’ apples in the years 2010-2012; *see Fig. 1
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15,8 a

13,7 b

13,4 bcd

13,1 cd

8,9 f*

8,4 gh

13,6 bc
12,5 e

12,9 de
8,8 fg
6,6 j

7,6 i
6,3 j

7,8 i

7,5 i

6,3 j

8,0 hi

Treatment

Fig. 3. The content of vitamin C of ‘Ligol’ apples in the years 2010-2012; *see Fig. 1

Vitamin C content [mg·100g-1]

However, a significant decrease in the content of vitamin C in washed apples for cultivars under
investigation was found for Šampion (Fig. 4) and Topaz (Fig. 5). The cultivar Topaz featured of
highly variable effect of temperature and exposition time on the parameter (8.3-19.2 mg•100 g-1 .
m.). The lowest content of vitamin C was recorded for treatments at 52°C/180 s, 52°C/240 s, 55°C/180
s and 55°C/240 s. Also Trierweilera et al. (2003) showed increasing amount of vitamin C by using
temperature of 53°C for 120 seconds.

16,1 a*
15,4 a 15,4 a

14,2 b

14,1 b

14,0 b

12,4 c
11,2 d
8,6 e

13,7 b
10,8 d

9,3 e
7,1 f 7,7 f

12,5 c

11,0 d
7,6 f

Treatment

Fig. 4. The content of vitamin C of ‘Šampion’ apples in the years 2010-2012; *see Fig. 1
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18,2 b*

19,2 a

18,4 ab
16,0 c
14,9 d

17,8 b
15,3 cd
11,5 e

11,3 e
10,2 f

9,4 fg

11,3 e
10,0 f

9,1 g

9,1 g

9,1 g

8,3 h

Treatment

Fig. 5. The content of vitamin C of ‘Topaz’ apples in the years 2010-2012; *see Fig. 1
The obtained results indicate also that the higher water temperature used during water treatment of
apple varieties under investigation, statistically reduce the content of vitamin C in fruits. According
Mazurka and Jamroz (2010) vitamin C is susceptible to increasing temperature and belongs to
undurable vitamins. So far a few researches on this topic (Trierweiler et al. 2003) indicate tan the
changes in the content of vitamin C in apples washed in hot water directly after harvesting depend on
variety, thus they are consistent with the present paper. Skrzy ski (2007) underlines the fact that to
optimize the thermotherapy treatment is important to learn an effect of hot baths on quality features of
stored fruits.
During the first year of experiment much severe infestation of stored fruits was recorded compared to
that of the next analyses season. Most likely this was related to weather conditions in the orchard in
individual years. The after-harvest heat treatment had a crucial effect on health state of the ‘Ligol’
(Tabele 1) and 'Sampion' (Tabele 2) cultivars of apples achieved both in storage and simulated trade
turnover. The lowest water temperature used (45°C) allowed the reduction of infested apples
compared to the control. The effectiveness of thermotherapy as a method of fruit protection against
rots during storage was confirmed also, among others, by Fallik et al. (1996), Trierweiler et al. (2003)
and Auinger (2005).
Tabele 1. Procentage infection of ‘Ligol’ apple with pathogens
Number of infected apples [%]
1 year

Treatment

2 year

after 16 weeks

simulated trade
turnover

after 16 weeks

simulated trade
turnover

control

6.0

7.1

4.0

0.0

45°/60s

2.0

2.3

2.0

0.0

45°/120s

2.0

2.3

0.0

0.0

185

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

ISSN 1314-8591 Published at: http://www.scientific-publications.net
45°/180s

0.0

2.2

0.0

0.0

45°/240s

2.0

0.0

0.0

0.0

50°/60s

0.0

0.0

0.0

0.0

50°/120s

2.0

2.3

0.0

0.0

50°/180s

0.0

0.0

0.0

0.0

50°/240s

0.0

0.0

0.0

0.0

52°/60s

0.0

0.0

2.0

0.0

52°/120s

0.0

2.2

0.0

0.0

52°/180s

0.0

0.0

0.0

0.0

52°/240s

0.0

0.0

0.0

0.0

55°/60s

0.0

2.2

0.0

2.2

55°/120s

0.0

0.0

0.0

0.0

55°/180s

0.0

0.0

0.0

0.0

55°/240s

0.0

0.0

0.0

0.0

Tabele 2. Procentage infection of ‘Šampion’ apple with pathogens
Number of infected apples [%]
Treatment
control
45°/60s
45°/120s
45°/180s
45°/240s
50°/60s
50°/120s
50°/180s
50°/240s
52°/60s
52°/120s
52°/180s
52°/240s
55°/60s
55°/120s
55°/180s
55°/240s

186

1 year

2 year

after 16 weeks

simulated trade
turnover

after 16 weeks

simulated trade
turnover

9.1
5.5
7.3
0.0
3.6
5.5
1.8
0.0
0.0
5.5
0.0
1.8
0.0
0.0
0.0
0.0
0.0

6.7
0.0
0.0
4.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0
0.0
0.0
0.0
0.0

7.3
7.3
3.6
3.6
0.0
7.3
3.6
0.0
0.0
0.0
0.0
0.0
3.6
0.0
0.0
0.0
0.0

4.4
0.0
0.0
4.2
4.0
4.4
0.0
4.0
8.0
0.0
0.0
0.0
0.0
4.0
0.0
0.0
0.0
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However, an adverse effect of treatment temperature of 55°C on quality parameters of ‘Šampion’
apples was observed. He peel of fruits treated with water at that temperature (regardless of exposition
time) was creased already after 16 weeks in storage. A similar effect was noted for the cultivar 'Topaz'.
For this cultivar the null fruit infestation was observed in the temperature range 50-55°C for 120240 s (Tabele 3).
Tabele 3. Procentage infection of ‘Topaz’ apple with pathogens
Number of infected apples [%]
1 year

Treatment

2 year

after 16 weeks

simulated trade
turnover

after 16 weeks

simulated trade
turnover

control

16.0

5.9

0.0

0.0

45°/60s

0.0

0.0

0.0

0.0

45°/120s

0.0

0.0

0.0

0.0

45°/180s

8.0

10.5

0.0

0.0

45°/240s

8.0

0.0

0.0

0.0

50°/60s

4.0

4.8

0.0

0.0

50°/120s

0.0

0.0

0.0

0.0

50°/180s

0.0

0.0

0.0

0.0

50°/240s

2.0

0.0

0.0

0.0

52°/60s

0.0

4.6

0.0

0.0

52°/120s

0.0

0.0

0.0

0.0

52°/180s

0.0

0.0

0.0

0.0

52°/240s

0.0

0.0

0.0

0.0

55°/60s

0.0

0.0

0.0

0.0

55°/120s

0.0

0.0

0.0

0.0

55°/180s

0.0

0.0

0.0

0.0

55°/240s

0.0

0.0

0.0

0.0

The null infestation 'Jonagold' fruits was observed in the temperature range 50-55°C for 120-180 s
both in storage and simulated trade turnover (Tabele 4).
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Tabele 4. Procentage infection of ‘Jonagold’ apple with pathogens
Number of infected apples [%]
1 year

Treatment

2 year

after 16 weeks

simulated trade
turnover

after 16 weeks

simulated trade
turnover

control

8.0

2.4

8.0

0.0

45°/60s

2.0

0.0

4.0

0.0

45°/120s

2.0

0.0

4.0

0.0

45°/180s

0.0

0.0

0.0

0.0

45°/240s

0.0

0.0

4.0

0.0

50°/60s

2.0

0.0

2.0

0.0

50°/120s

0.0

0.0

0.0

0.0

50°/180s

0.0

0.0

0.0

0.0

50°/240s

2.0

0.0

0.0

0.0

52°/60s

0.0

6.7

0.0

0.0

52°/120s

0.0

0.0

0.0

0.0

52°/180s

0.0

0.0

0.0

0.0

52°/240s

0.0

0.0

0.0

0.0

55°/60s

6.0

0.0

0.0

0.0

55°/120s

0.0

0.0

0.0

0.0

55°/180s

0.0

0.0

0.0

0.0

55°/240s

0.0

0.0

0.0

0.0

For the cultivar 'Idared' there was no reduction in the number of infected fruit treated with hot water in
relation to the control (Tabele 5).
Tabele 5. Procentage infection of ‘Idared’ apple with pathogens
Number of infected apples [%]
1 year

Treatment

2 year

after 16 weeks

simulated trade
turnover

after 16 weeks

simulated trade
turnover

control

0.0

2.2

0.0

0.0

45°/60s

4.0

4.7

0.0

0.0

45°/120s

0.0

2.2

0.0

0.0

45°/180s

4.0

0.0

0.0

0.0

45°/240s

0.0

0.0

0.0

0.0
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50°/60s

0.0

0.0

0.0

0.0

50°/120s

0.0

0.0

0.0

0.0

50°/180s

0.0

0.0

0.0

0.0

50°/240s

0.0

0.0

0.0

0.0

52°/60s

0.0

2.2

0.0

0.0

52°/120s

4.0

0.0

0.0

0.0

52°/180s

0.0

0.0

0.0

0.0

52°/240s

0.0

0.0

0.0

0.0

55°/60s

2.0

0.0

0.0

0.0

55°/120s

2.0

0.0

0.0

0.0

55°/180s

0.0

0.0

0.0

0.0

55°/240s

0.0

0.0

0.0

0.0

4. CONCLUSIONS
One can conclude that hot water treatment of apples is an effective method for reducing storage losses
caused by pathogens. The infestation of tested cultivars apples with fungi was lower in most
combinations used compared to that of the control. Safe the temperature range of 45-52°C for 120-180
seconds used in thermotherapy.
A water temperature increase in after-harvest thermal treatment used commonly for the apple cultivars
under investigation decreases the content of vitamin C in fruits. The bath at temperature of 45°C for
60, 120, 180 seconds for Idared and Ligol cultivars increase of the content of vitamin C, while no
statistically changes were found for the cultivar Jonagold. The thermotherapy decreased statistically
significant decreased content of vitamin C in apples ‘Šampion’ and ‘Topaz’.
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DETECTION OF STRAINED YOGHURT (LABNEH) MOLDS USING COMPUTER VISION
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Abstract
In terms of appearance, color and smoothness take important place in dairy products quality. It has to
be clean from rust, mold and brine dirts. This paper presents a robust mold detection system for
strained yoghurt. Using computer vision and image analysis, labneh controlled with some appearance
parameters like texture and color difference. The proposed system is also improvable to use for
another products in food industry.
Key words: mold detection; strained yoghurt; computer vision
INTRODUCTION
Concentrated yoghurt, which is popularly known as ‘labneh’ in the Middle East and as ‘strained
yoghurt’ in Greece and the rest of Europe, is consumed as a main dish at breakfast in many middle
eastern countries, such as Iraq, Iran and the Lebanon, but it can also be served as a dip with garlic,
dried herbs (usually mint and parsley) and red peppers, or with cucumber and olive oil (Özer &
Robinson 1999).
Kaaki (2009) described several techniques to make a labneh: straining plain yogurt in a cloth bag or
animal skin (Tanime & Robinson 1978), separating whole milk fat using centrifuge known as
mechanical separation (Lehmann, Dolle & Büker 1991), reconstitution of skim milk powder in water
(El-Shibiny, El-Dien & Hofi 1979) and fermentation of ultrafiltration retentate (Tamime 1993).
Otaibi and Demerdash (2008) agree that the shelf life of traditional labneh is short, even if stored at
low temperatures. The presence of live starter bacteria and yeast and mold contaminants coupled with
packaging/storage conditions lead to the formation of off-flavors and other undesirable
physicochemical changes that eventually lead to product failure (Muir & Banks 2000). Also packaged
labneh, as a concentrated product with a high concentration of lactic acid and limited access to air
during refrigerated storage, is thought to be most suitable for the growth of yeasts (Nsabimana, Jiang
& Kossah 2005).
Count of molding due to changes in ambient temperature during storage as shown in Figure 1. With
reference to Figure 1, it is quite possible to labneh become moldy on the shelf or warehouse of
shopping store at the room temperature within six days.
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Figure 1.Al-Kadamany et al. (2002) changes in yeast and molds during storage of cloth-bag labneh
findings
The increased awareness and sophistication of consumers have created the expectation for improved
quality in consumer food products. This in turn has increased the need for enhanced quality
monitoring. The basis of quality assessment is often subjective with attributes such as appearance,
smell, texture, and flavour, frequently examined by human inspectors (Brosnan & Sun 2004).
Therefore the aspect and color of the food surface is the first quality parameter evaluated by
consumers and is critical in the acceptance of the product, even before it enters the mouth. Consumers
tend to associate color with flavor, safety, storage time, nutrition and level of satisfaction due to the
fact that it correlates well with physical, chemical and sensorial evaluations of food quality (Pedreschi
et al. 2006).
Computer Vision (CV) is the process of applying a range of technologies and methods to provide
imaging-based automatic inspection, process control and robot guidance in industrial applications
(Mahendran, Jayashree & Alagusundaram 2011).
As a result automated visual inspection is undergoing substantial growth in the food industry because
of its cost effectiveness, consistency, superior speed and accuracy (Brosnan & Sun 2004). Based on
these mentioned studies, the aim of this study is to detect molds on strained yogurt by studying images
taken during the mold growth process using computer vision.
MATERIALS AND METHODS
Materials
As the research materials, three different brands samples were used. Samples made from cow's milk
and were collected from markets. Nutritional values of the Sample 1 in 100 grams; 5,6 g protein, 18 g
fat, 6,5 g carbohydrate, 354 mg calcium, 210 kcal calories (880 kj). For Sample 2 in 100 grams; 4,9 g
protein, 17,1 g fat, 6,3 g carbohydrate, 120 mg calcium, 199 kcal calories (831 kj). And for Sample 3
in 100 grams; 4,3 g protein, 18 g fat, 6,5 g carbohydrate, 280 mg calcium, 205 kcal calories (850 kj).
To take images from samples, Sony R800i Camera 5MP (2592 x 1944 pixels) was used and Samsung
NP550-P5C Laptop (i7-3610QM 2.30Ghz CPU, 8GB Ram) used to editing and filtering images and
also coding program. The application was developed in Visual Studio 2010 with C# language.
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Sample collection and preparation
Images were captured for a total of eight days during molding process. Although the strained yogurt
couldn't be molded during production at factory, it is likely to start molding at the markets warehouse.
Because of that, considering the fact that the applicable to real life, study was carried out in a space

Figure 3.Images obtained during the formation of molds

which as clean as warehouse at room temperature and room lighting. Hereby, experiment can be
applied in depots and market storages as shown in Figure 2.

Figure 2.Implementation of the application in market storages
Dataset
The images using for mold detection are shown in Figure 3.
Total 24 images were used: 14 of them were molded. All of the images were stored in RGB colorspace at 8 bits per channel. The images were gathered at the approximately same time (08:00-09:00
AM) of everyday during molding process. Flashlight was not used.
Methods and Detection
When using image analysis techniques it's important to be able to distinguish the parts of the image
containing interesting information from those that don't. For that reason it's important to be able to
segment the image into two or more parts. One, or a couple, containing information and others that
don't (Wrangborg 2007). Therefore first step of the detection is separate irrelevant parts. In this study
four different techniques used for feature extraction: Converting to grayscale, converting to binary
using threshold value, subtracting images and adaptive threshold.
In first place, it is important to get grayscale of image. Grayscale image help us to characterizing
features using intensity information. Using basic idea of conversion to black-and-white, every pixel
value sets to average value of its own:
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Pgray= (Pr+P g+Pb)/3

(1)

Where in RGB color model which means initials of the three additive primary colors; red, green and
blue, Pr, Pg and Pb are pixel’s RGB values and Pgray is pixel’s grayscale value. It is also possible to get
other results through using weights on pixels RGB values but in this work it will be sufficient. The
processed image using this method is shown in Figure 4b.
Second step is specifying a threshold value and using this value, convert grayscale image to binary
image. It is also bring out a main extraction mask for irrelevant areas. To determine threshold value,
histogram values must be considered. In image processing, histogram is defined as the statistic
probabilistic distribution of each gray level in a digital image (Castleman 1996). After determining,
using thresholding operation expressed as,
(2)

Where dst() is output pixel, src() is intensity of pixel, and x,y are coordinates of pixel location. For
each pixel in the image, a threshold has to be calculated. Basically if the intensity of the pixel is higher
than threshold, then the new pixel intensity is set to 255. Otherwise, the pixels are set to 0. The mask is
shown in Figure 4c.
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Other process after mask obtained, comparing two images and subtracting each other. It also refers to
finding region of interest from image. When we think about two images as two arrays of pixel values,
difference between two arrays gives us subtracted area. The subtracted image is shown in Figure 4d.
Last phase of detection is using another binary conversion to subtracted area. This time using adaptive
threshold consisting Mean Filtering shows clear-cut mold particles. There are several methods except
Mean Filter like Median Filter or Sum Max and Min values in the block size and divide in two.
Block size is pixel’s neighborhood, matrix of numbers named kernel (Often 3x3 used). Larger the
neighborhood is, the poorer the result, since it is more influenced by the illumination gradient. In
addition, the larger the environment is, the more it is expensive to perform the needed computation.
On the other hand, if the environment is too small, then there is risk of being exposed to insufficient
data (Milstein 1998).
Mean filter is a filter that replaces the center value with the average of all the pixel values in the block
size. With simple calculation, sum all pixel values in the block size and divide into pixel count. It uses
to smooth images and eliminate noise but at this work it helps to determine the threshold value thus
molds are getting clearer in a binary image. The clear image is shown in Figure 4e.
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Figure 5.Molding Process day by day
RESULTS
As shown in Figure 6, detection application to three different brands products gives us for sample 1,
%95; for sample 2, %97.5; for sample 3, %90 success rate. About those rates, therefore main
preference detection process on molded labneh, also important detection of clean labneh on days that
mold hasn’t started yet.
In this point all samples give us no molded %100 rates on early days which are average first 3 or 4
days depends on sample.
Another important consideration is rates show difference of area between how large area molded and
how much has been detected. Day by day, how much mold formed compared to entire sample can be
accessed in Figure 5. Exponential increase in the amount of mold is other noteworthy occurrence.

Figure 6.Samples detection success rate
Low rates on last days of the test, losing the importance because what really matters is not how much
detected, is identifying detection on day that molding started. The concept of the correct day makes the
distinction about achievement of software. Because the first reason about the software can be
implemented to real-life is able to detect. From this point application also gives %100 detection
success rate on first molded day. Detailed numbers about detected, molded areas and success rates can
be found separately from the Table 1.
To summarize success of application, according to the data in the Table 1, we get %91 total success
rate.
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CONCLUSIONS & FUTURE WORK
Study on products images using computer vision has great potential and profitable investment for
automated agricultural tasks. It is easily installed, made error rate to zero and also expended small
funds comparing to the human resources.
The proposed study analyzes and works not only strained yoghurt but also works for white products
which can be molded. It is possible to develop selectively for other products like tomato paste, bread
etc. Besides that, used techniques for detection can be improvable for better success rate. For more
long-range further work, chance to be implementing to a selector lever, obtained detection and
separation autonomously between molded and not molded products.
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Abstract
The effects of temperature and soluble solid concentration on physical properties of clarified fruit
juices were investigated. Density and viscosity of the clarified fruit juices increased with increasing
soluble solid content and decreased with decreasing temperature. The favorable effect of temperature
on the heat capacities was observed; on the other hand the soluble solid content caused a decrease in
it. Experimental data were fitted as functions of temperature and soluble solid content. Models being
valid for all clarified fruit juices were achieved for density and viscosity with the correlation
coefficients (R2) being higher than 0.90.
Key words: Clarified fruit juice; density; viscosity; heat capacity; soluble solid concentration;
temperature
1. INTRODUCTION
Consumer demands, official and unofficial regulations, and economic trends are the major influences
managing and leading world trade of food industry. Factors mentioned above are so changeable that
requirements of food industry varies from past to present and obviously will change in future. Food
industry presents enormous number of types of products into market, one of which is beverage
industry. Clarified fruit juices’ occupying one of the biggest portions of this market also indicates fast
improvement depending on above factors. Thus, new requirements arise based on product and/or
process. The requirements of this market lead researchers to investigate for development of new
processes and technologies. The modeling and design of equipments for the fluid flow and heat
transfer operations involved in clarified fruit juice processing require data on several engineering
properties at different conditions. Clarified fruit juices and their physical properties have been received
considerable attention due in part to their significance on modeling and design of processes.
Temperature and soluble solid content of products, generally varying in the process units, affects the
physical and thermo-physical properties such as density, viscosity, and heat capacity (Gratao, Junior,
Polizelli & Telis-Romero 2005). A knowledge of these properties is of particular significance for
effective design of food processing equipment, such as evaporators, pumps, heat exchangers, filters
and mixers (de Moura Germer, Jardim & Sadahira 1998; Holdsworth, 1993; Nindo Tang, Powers &
Bolland 2004; Nindo Tang, Powers & Singh 2005; Ramos & Ibarz 1998; Shamsudin Mohamed &
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Yaman 2005; Telis-Romero Telis, Gabas & Yamashita 1998; Zainal Abdul Rahman, Ariff, Saari &
Asbi 2000; Zuritz et al., 2005). In addition, the knowledge of the physical and thermophysical
properties varying with temperature and soluble solid content is very important in the food process
control. Unfortunately, only a few process variables are available for online measurement because of
the lack of suitable sensors. Thus, mathematical models that express the dependence of thermal
properties on temperature and soluble solid content are a very interesting alternative to
experimentation and a useful tool for the implementation of computer-aided routines for equipment
design and process automation. In addition, these properties are characteristic parameters in the
optimization of productivity and quality of products.
Thermo-physical properties of the different juices have been found to exhibit a close relationship with
temperature and soluble solid content and mathematical models have been reported (Ali Ramaswamy
& Awuah 2002; Cepeda & Villarán 1999; Lau 1991; Magerramov Abdulagatov, Azizov &
Abdulagatov, 2007; Nindo et al. 2004; Nindo et al. 2005; Ramos & Ibarz 1998; Telis-Romero et al.
1998; Zainal et al. 2000; Zuritz et al. 2005). The soluble solid content is under control of proposed
product and handled raw material, including seasonal effects, harvesting time, and fruit species etc.
(Poyrazo lu Vural & Art k 2002), whereas temperature level is directly related to the process steps
and storage conditions.
Studies have indicated that the change of the physical properties of the clarified fruit juices pursue
parallel trends under same conditions in terms of soluble solid content and temperature (Azoubel
Cipriani, El-Aouar, Antonio & Murr 2005; Cepeda & Villarán 1999; Constenla Lozano & Crapiste
1989; Zuritz et al. 2005). These facts encourage finding single model being specific for one of the
thermo-physical properties, which is valid for all clarified fruit juices. The aim of this study was to
investigate the influences of temperature and soluble solid concentration of three different clarified
fruit juices, including apple, grape and sourcherry, on their density, viscosity, and heat capacity values,
and to get single models for each physical properties being valid for studied fruit juices.
2. MATERIALS & METHODS
Clarified fruit juices including apple juice, sour cherry juice and grape juice, were concentrated in a
rotary evaporator under vacuum (Rotavapor-R, Büchi Swiss). Fruit juice samples at the specified oBrix
values were made by reconstituting the main concentrates with distilled water. Refractometer (ColeParmer Inst. Co., USA) was used to measure the soluble solid content of sample in unit of Brix (oBx)
at constant temperature.
2.1. Density
Fruit juice density, (g/ml) was measured with gravimetric method. The sample contained in a
standard volumetric pycnometer (25 mL and 50 mL, Isolab, Turkey) was weighed in an analytical
balance (UFO-3000, UFOTECH, Turkey). Temperature of sample was adjusted by equilibration in the
thermostatic water bath (ST 402, NÜVE, Turkey). Temperature values ranged from 25 oC up to 60 oC
with 5 oC increments. Soluble solid content of samples were adjusted from 10 oBx to 60 oBx by 10 oBx
increments.
2.2. Viscosity
Viscosity measurements were carried out using a capillary viscometer (Canon-Fhensky Viscometer,
Cannon Instrument Co., State College, PA) under atmospheric pressure, assuming that fruit juice
samples are Newtonian in the range of proposed oBrix values. The temperature was maintained
constant by submerging the capillary viscometer in a water bath, controlled by a submerged heater
with centrifugal circulation. Before the measurement, sample was waited to reach temperature
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equilibrium for 10 min. Experimental variables, temperature and soluble solid content, were identical
to those specified for density measurements. Time required for certain volume of fruit juice to pass
through the certain length of capillary tube was recorded and kinematic viscosity, (cPs) of sample
was determined by multiplying time data with specified capillary viscometer constant. The apparent
viscosity,
(Pa.s) of sample was estimated from the following equation (Eq. 1):

(1)

Once apparent viscosity values ( ) were established at different temperatures. The empirical equation
of Arrhenius (Eq. 2) is valid for temperature dependence of viscosity (Altan & Maskan 2005;
Alvarado & Romero 1989; Bay nd rl 1992 and 1993; Constenla et al. 1989; Ibarz & Pagan 1987;
Magerramov et al. 2007).

exp ( Ea R T )

(2)

and Ea from Equation 2 were determined by correlating natural logarithm of apperant viscosity
values ( ) with the inverse of absolute temperature (1/T) using linear regression. Finally, to derive a
predictive equation for viscosity as functions of soluble solids concentration and temperature,
Ea were correlated with soluble solids concentration of fruit juice ( oBx).

and

2.3. Heat Capacity
Differential scanning calorimeter (DSC) (DSC Q10, TA Instruments, USA) was used to determine the
heat capacity of fruit juice sample. Heat transfer rate was scanned in the temperature range of 35oC –
55oC for fruit juices. Soluble solid contents varied from 10oBx to 60oBx with 10oBx increments.
Distilled water was used as a reference material. The weight of samples and reference material in
aluminum pans were recorded in an analytical balance with 0.00001 g precision (APX-200, Denver
Instrument, USA). Heating rate was specified as 10 oC/min. Heat capacities of samples were
calculated according to Eq. 3. To analyze the DSC results, DSC software (Universal Analysis 2000,
TA Instrument. USA) was used.

Cp

E (dQ dt )
(dT dt ) m

(3)

E in Equation 3 was determined by correlating its values with temperature. E values were obtained by
measuring the heat capacity of reference material (distilled water) and comparing with its literature
values.
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2.4. Statistical analysis
Statistical analysis was performed using Minitab Statistical Software. The suitability of the fitted
equations was evaluated by the correlation coefficient (R2), and mean square error (MSE).
3. RESULTS AND DISCUSSION
The results demonstrates that the temperature and soluble solid content of fruit juices are significant
variables to estimate their physical properties; density, viscosity and heat capacity.
3.1. Effect of soluble solid content and temperature on density of clarified fruit juices
Densities of clarified fruit juices exhibited very strong dependencies of temperature and soluble solid
content (p 0.05) (Table 1). As can be seen from Figure 1, increasing soluble solid content of studied
fruit juices caused increases in density values, whereas higher temperature lowered density values.
Similar trends have been reported in the previous studies (Alvarado & Romero 1989; Cepeda &
Villarán 1999; Constenla et al. 1989; Gratao, Junior, Polizelli & Telis-Romero 2005; Ramos & Ibarz
1998; Shamsudin et al. 2005; Telis-Romero et al. 1998; Zainal et al. 2000). The following equation
(Eq. 4) as the best fit for the experimental values was a polynomial type with a correlation coefficient
of 0.996 and a MSE of 3*10-5 (Table 1).

1.156

3.469 10

3

B

2.503 10

5

B2

4.404 10

4

T

(R2: 0.996)

(4)

, where is a density of studied clarified fruit juices (g.cm-3) and temperature and soluble solid content
units of sample were K and oBrix, respectively.
The data predicted using the equations reported by Ramos and Ibarz (1998) and Gratao et al (2005)
were nearly coincident with the experimental results of clarified fruit juices, whereas the calculated
data from the equation of Constenla et al (1989) differed from data in the present study (Figure 2).
Constenla et al (1989) have reported the effect of sugar content and type on the thermophysical
properties of clarified apple juice, accounting for more than 90% of soluble solids. Sugar
concentrations of apple, sourcherry and grape juices were similar to each others and correspond the
higher than 90% of their soluble solid contents according to the published study by Muramatsu
Tagawa and Kasai (2005). Thus, the fitted model can be used to predict the densities of clarified apple,
grape and sour cherry juices in the studied temperature and soluble solid content ranges of 25oC to
60oC and of 10oBrix to 60oBrix, respectively.
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Figure 1

Figure 2

Density change of clear fruit juices with temperature at different soluble solid
concentrations

Comparison of fitted model and literature ones of density with change of soluble solid
content
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Table 1. Regression coefficients of fitted models for studied thermophysical properties of clarified
fruit juices and independent effects of factors
Density, ( )

MSE

Heat capacity

Flow Activation
Energy, (Ea)

Arrhenius Equation
Constant, ( )

0.996

>0.999

>0.999

-5

-5

-5

Model
R2

Viscosity, ( )a

3*10

<1*10

<1*10

0.747
<1*10-1

independent effects of factors

a

;

soluble solid content

*

*

ns

temperature

*

*

*

Temperature

dependence

of

viscosity

was

represented

by

Arhenius

type

equation
with

exp ( Ea R T ) and soluble solid effect on viscosity was included by correlating Ea and

soluble solid content.
*; significant at

0.05

ns

; not significant (p>0.05).

3.2. Effect of temperature and soluble solid content on viscosity of clarified fruit juices
Temperature and soluble solid content of fruit juices were found to be highly significant factors to
predict the viscosities of studied clarified fruit juices (p 0.05) (Table 1). The viscosities of clarified
fruit juices were considerably reduced by temperature. As can be seen from Figure 3, viscosity change
with temperature was relatively high at higher soluble solid contents (above 30 oBx), however, the
weak temperature influence was observed at lower concentration (below 30 oBx). The changes of
viscosities of clarified fruit juices at the soluble solid content range of 10oBx to 30oBx followed
parallel trends with increasing temperature, while at the higher levels of soluble solid contents, the
measured viscosity values of sourcherry juice were higher than other two fruit juices at the lower
temperature levels (Figure 2). Bay nd rl (1992, 1993) has reported the effect of temperature on the
viscosity due to intermolecular distances increasing as a result of thermal expansion. The positive
influence of soluble solid concentration on the magnitude of the viscosity has reported by Rao (1999).
The increasing soluble solid content enhanced the viscosity due to the increase in hydrogen bonding
with hydroxyl groups and the distortion in the velocity pattern of the liquid by hydrated solute
molecules (Azoubel et al. 2005; Constenla et al. 1989). The Arrhenius type relation can be used to
describe the effects of temperature and soluble solid content on viscosity (Krokida, Maroulis &
Saravacos 2001; Nindo et al. 2004). The calculated flow activation energy values of the clarified fruit
juices were correlated with their soluble solid contents. A polynomial model (Eq. 5) with a correlation
coefficient (R2>0.999) and satisfying MSE less than 1*10-5 presented the influence of soluble solid
content on the flow activation energy of fruit juices. The natural logarithm of another calculated
parameter (
) of Arrhenius equation from experimental data was also correlated with soluble solid
concentrations of fruit juices with a satisfying correlation coefficient (R2>0.999) and MSE (Eq. 6).
These models were integrated into Arrhenius type equation and the change of viscosity of the clarified
fruit juices with respect to temperature and soluble solid content was described by Equation 7.
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Ea 15583.32 4.32 B 2
ln

13.07 8.90 10

2.11 10 6 exp

(R2>0.999 )

4

B2

15583.32 4.32 B 2
R T

(5)

(R2>0.999)

8.90 10

(6)

4

B2

(7)

, where was viscosity in the unit of Pa.s, B and T were soluble solid content and temperature in the
units of oBx and K, respectively.
Flow activation energy data calculated from experimental results of this study varied from 16.3 kj/mol
upto 30.7 kj/mol. Krokida et al (2001) have reported that the flow activation energy (Ea) in Newtonian
fluid foods increases from 14.4kJ/mol for water to more than 60kJ/mol for concentrated clarified
juices and sugar solutions. The flow activation energy range in the present study were coincident with
data reported by Krokida et al (2001). These equations would be suitable for predicting the viscosity
of studied clarified juices over a studied ranges of solids content and temperature.

Figure 3
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3.3. Effect of temperature and soluble solid content on heat capacity of clarified fruit juices
Soluble solid content were found to significantly influence heat capacities of clarified fruit juices (p
0.05), whereas variation in heat capacities with temperature was insignificant (p>0.05) (Table 1).
Soluble solid contents of clarified fruit juices caused reduction of heat capacity, whereas increasing
temperature enhanced the heat capacity of fruit juices (Figure 4). The influence of soluble solid content
can be attributed to the decrease in water content of fruit juices. The heat capacity of water is the
highest value in the group of food constituents. Similar dependences on both variables have been
shown in previous studies (Constenla et al. 1989; Shamsudin et al. 2005; Telis-Romero et al. 1998;
Zainal et al. 2000). The achieved model that fitted best the experimental heat capacity values for
clarified fruit juices were far away from expectation of one model being valid for clarified fruit juices.
Linear model (Eq. 8) obtained by regression analysis has been proposed; however, the results were
fitted to models with correlation coefficient less than 0.90 which is not sufficient for representation
(Table 1). The model describing the relationship between heat capacities of the clarified fruit juices and
both variables, temperature and soluble solid content can be given as:

Cp

3.9193 1.7039 10

2

B 3.2437 10 3 T

R2: 0.747

(8)

As can be seen from Equation 8 and Figure 4, the magnitude of the effect of soluble solid content was
higher than that one due to temperature. The achieved model with relatively low level of correlation
coefficient is associated with the effects of compositional differences of the clarified fruit juices.
Sweat (1995) has also mentioned the effect of foodstuff composition on heat capacity.

Figure 4. Heat capacity change of clear fruit juices with temperature at different soluble solid
concentrations
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4. CONCLUSION
This study indicated that temperature and soluble solid content of the clarified fruit juices were
effective on their density, viscosity, and heat capacity. The common equations or models representing
physical properties were valid and they can be used to estimate them for any clarified fruit juices being
considered in this study with high correlation coefficients, except model for heat capacity.
Nomenclature
; density, g.cm-3,
; kinematic viscosity, cPs,
; apparent viscosity, Pa.s,
; constant, Pa.s,
Ea

; the flow activation energy, kj.kmol-1,

T

; absolute temperature, K or oC,

B

; soluble solid content of sample, oBx,

R

; gas constant, kj.kmol-1.K-1,

Cp

; heat capacity, kj.kg-1.oC-1

E

; correction factor,

dQ/dt ; heat transfer rate; kj.s-1,
dT/dt

; heating rate, oC.s-1,

m

; weight of sample, kg.
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Abstract
This study was performed to determine mycotoxin – deoxynivalenol (DON), zearalenone (ZEA), T-2
toxin, aflatoxin (AFL), ochratoxin (OCH) levels in feed grain (spring barley), maize and grass silage,
rape seed cake samples collected from Central Lithuania’s commercial fields during 2003-2012.
Mycotoxins in various feed commodities were analyzed by the ELISA method. DON contamination
was more frequent in forage barley samples (98.0 %); however, T-2 toxin exceeded the safe level of
100 µg kg-1 (315.6 µg kg-1). Notably higher concentrations of all mycotoxins tested were established in
maize and grass silage samples. In many cases, all the tested mycotoxins were found to co-occur in a
sample. This was especially characteristic of grass silage. All (100%) rape seed cake samples were
contaminated with DON, OCH and AFL, 86 % of the samples contained ZEA and 71.4% T-2 toxin.
Although the quantified concentrations were not high, they are an undoubted risk factor in combined
forage production.
Key words: feed barley, mycotoxins, silage, rapeseed cakes
1. INTRODUCTION
Animal feeds are an essential part of the farm animal to human food chain, therefore infectious and
non-infectious hazards present in animal feeds pose a threat to human health. Cereal grains are the
primary ingredients of most animal feeds and these are often of sub-standard grade, which predisposes
these grains to mycotoxin contamination. Mycotoxins are chemicals produced by fungi that are toxic
to humans and animals. They are mainly produced by fungi belonging to Aspergillus, Penicillium and
Fusarium genera (Wagacha & Muthomi 2008). Mycotoxins are found to occur widespread in food and
feed varieties under environmental conditions that favour their growth such as suitable moisture and
temperature, sufficient oxygen, physical damage to the commodity and presence of the fungal spores
(Aksoy et al. 2009; Sforza et al. 2006). Consumption of a mycotoxin-contaminated food or feed may
cause acute and long-term chronic effects that can range from teratogenic, carcinogenic, neurotoxic
and estrogenic or immune-suppressive effect in humans and/or animals (Kabak et al. 2006; Binder et
al. 2007; IARC 1993). The direct consequences of mycotoxin-contaminated animal feed consumption
include decreased feed intake, feed rejection, reduced body weight grain and reproductive capacity,
poor feed conversion and increased disease incidence (Morgavi & Riley 2007; Voss et al. 2007).
Barley is one of the most important crops in animal feed chain. The presence of mycotoxins in this
crop has already been reported in different countries (Placinta et al. 1999; Botalico and Perone 2002;
Gonzalez-Pereyra et al. 2008), but there have been published few exhaustive surveys so far regarding
mycotoxins in feed barley grain.
Maize and grass silages are the basic feed used in dairy and beef production. Silage is very favourable
environment for molds development. Humidity in the silage, depending on the type of plant material,
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is from 30 to 80%, temperature from 5 to 400C, while the concentration and availability of nutrients is
high. Relatively high quantities of DON, ZEA, T–2 toxin and fumonisins have been found in visually
moulded silages but also in apparently good silages (Acosta Aragon et al. 2011). Molds may already
biosynthetize mycotoxins in the growth phase of plants which during the silage preparation are carried
into the silo (Adamovi et al. 2005).
Recently, rape seed and its processing products such as rapeseed cake and middlings, are more and
more frequently used in animal feeding, mainly as a source of proteins, with relatively high nutritive
value and well-balanced amino acid composition and with a certain content of minerals and vitamins.
Those rapeseed products are perishable by nature, which causes that they are subject to rapid decay.
Long-term or even short-time storage of rapeseed products is burdened with notable risk. The reason
for this is the considerable content of reserve substances (carbohydrates, protein, oil) that are also an
excellent substrate for microorganisms, filamentous fungi and mycotoxins (Kasprzycka et al. 2010).
Information on the occurrence of mycotoxins in plant-derived feedstuffs is relatively scarce, in
particular for rapeseed cake.
The current study was aimed to assess the extent of natural occurrence of DON, ZEA, T-2,
AFLB1+B2+G1+G2 and OCHA+B in plant-derived feedstuffs collected in Lithuania.
2. MATERIALS AND METHODS
2.1. Samples

A total of 613 tests were done on various feed commodities (feed grain (spring barley), silage, rape
seed cake) to quantify mycotoxins. Samples were collected from Central Lithuania’s commercial
entities in 2003-2012 and were analysed for contamination with deoxynivalenol (DON), zearalenone
(ZEA), T-2 toxin (T-2), ochratoxin (OCHA+B), and aflatoxin (AFLB1+B2+G1+G2). The number of samples
analysed is given in Table 1.
Table 1. The number of samples assayed for mycotoxin contamination
Commodity type

Number of samples
DON

ZEA

T-2

OCHA+B

AFLB1+B2+G1+G2

Total
number
of tests

Spring barley

187

163

92

15

57

514

Maize silage

2

6

8

8

6

30

Grass silage

6

6

6

6

6

30

Rapes seed cake

7

7

7

9

9

39

Total

202

182

113

38

78

613

2.2. Method
Quantitative analysis of DON, ZEA, T-2, OCHA+B, AFLB1+B2+G1+G2 was carried out using an Enzyme
Linked Immunoassay (ELISA) commercial kit (Neogen Corporation, Food Safety Diagnostics,
Scotland Veratox® for DON 5/5 – 8331NE; Veratox® for zearalenone – 8110; Veratox® for T-2 –
8210, Veratox® for ochratoxin – 8610; Veratox® for aflatoxin HS – 8031). The method is based on
the antibody antigen interaction and approved by the AOAC Research Institute (Certificate N 950702).
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2.3. Reagents
Most of the reagents used were the Neogen test kit products. Standard solutions of DON, ZEA, T-2,
OCHA+B, AFLB1+B2+G1+G2, used for the calibration curves were at the following levels: DON - 0, 250,
500, 1000, 2000 ppb (µg kg-1); ZEA – 0, 25, 75, 150, 500 ppb (µg kg-1); T-2 – 0, 25, 50, 100, 250 ppb
(µg kg-1); OCHA+B – 0, 2, 5, 10, 25 ppb (µg kg-1); AFLB1+B2+G1+G2 0, 1, 2, 4, 8 ppb (µg kg-1), all
included in the ELISA test kit.
2.4. Sample preparation and test procedure
Part of each sample was subjected to mycotoxicological contamination, and the other part (about 50 g)
was air-dried, milled in a mill IKA A11 Basic and kept at -200C until analysis. Mycotoxin extraction
and tests were performed according to manufacturer’s instructions. Extraction of samples was carried
out in distilled water (DON), in methanol: water (70:30 v/v) for ZEA, AFL and (50:50 v/v) for T-2
and OCH. The basis of the test is the antigen-antibody reaction. The wells in the microtiter plates were
coated with antibodies for each mycotoxin. By adding standards of each mycotoxin or the sample
solution the antibody binding sites were occupied in proportion to the concentration of each
mycotoxin. Any remaining free binding sites were occupied in the next stage by enzyme labelled toxin
(enzyme conjugate). Any unbound enzyme conjugate was then removed in a washing step. Enzyme
substrate and chromogen were added to the wells and incubated. Bound enzyme conjugate converted
the colourless chromogen into a blue product. The addition of the stop reagent resulted in a colour
change from blue to red. The optical densities of samples and controls from standard curve were
estimated by a multichannel photometer Multiskan Ascent (Thermo Electron Corp., Finland), supplied
with internal software, using a filter of 650 nm. Calibration curves of the standards were plotted for
each toxin dilution (2.3. Reagents) using a standard concentration against the percentage inhibition of
the respective standard. For quantification, each mycotoxin concentration was automatically calculated
from the calibration curves, obtained by plotting absorbance intensity against the logarithm of analyte
concentration. The determination coefficients r2 ranged as follows: for DON 0.988 – 0.998, ZEA 0.982
– 0.998, T-2 0.980 – 0.996, OCHA+B 0.987 – 0.999, AFLB1+B2+G1+G2 0.990 – 0.999. The measured
absorbance was automatically converted to the mycotoxin concentration units – µg kg-1. The results
were estimated taking into account the lowest calibration curve’s mycotoxin concentration value
(LOD – limit of detection), which according to manufacturer’s methodical guidelines is for: DON –
100.0 µg kg-1 (ppb); ZEA – 10.0µg kg-1 (ppb); T-2 – 7.5 µg kg-1 (ppb), OCHA+B – 1.0 µg kg-1 (ppb),
AFLB1+B2+G1+G2 – 0.5 µg kg-1 (ppb). While assessing our data with regard to food and forage safety we
referred to the EU document No.1881/2006 for DON, ZEA, OCH, AFL (European Commission
Regulation 2006b), and global research recommendations for T-2 (Eriksen & Alexander 1998).
STATISTICAL ANALYSIS
Statistical tests, including coefficient of variation, standard deviation, mean of mycotoxins
concentration data, were computed using the software Stat Eng (Tarakanovas & Raudonius 2003)
3. RESULTS AND DISCUSSION
3.1. Mycotoxins in feed barley samples
The results of the screening of mycotoxins (DON, ZEA, T-2, OCH, AFL) in feed barley are given in
Table 2. DON was the most common mycotoxin in this feed commodity: 98% of total 187 samples
were contaminated with DON. A mean content was 174.3µg kg-1 and maximum content – 1839.8µg
kg-1. ZEA was detected in 65.6 % samples and the average concentration was 15.1µg kg-1, maximum 212
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278.3 µg kg-1. T-2 toxin was detected in 85.9 % of the samples, and the average concentration was
28.2 µg kg-1 with maximum level of 315.6 µg kg-1, and this concentration of T-2 exceeded the safe
limit (Eriksen & Alexander 1998). OCH and AFL were detected respectively in 73.3 % and 57.9%
barley samples. Maximum levels OCH was 64.7 µg kg-1 and such grain is not recommended for
feeding of young animals (EC 2006 a).
Table 2. Mycotoxin contamination in spring barley grain
Mycotoxin

Parameter

DON

No. of samples
Samples contamination %
Mean of contamination µg kg

-1

ZEA

T-2

OCH(A+B)

AFL(B1+B2+G1+G2)

187

163

92

15

57

98.0

65.6

85.9

73.3

57.9

174.3

15.1

28.2

9.9

1.0

-1

0

0

0

0

0

-1

1839.8

278.3

315.6

64.7

2.8

Standard deviation

247.43

29.74

4.42

4.64

0.12

Coefficient of variation %

141.93

196.67

150.74

181.73

101.26

Min values µg kg

Max values µg kg

Barley is one of the most important feed crops in Lithuania. Summarised results of DON and ZEA
analyses in barley grain samples are presented in Fig. 1. Although a high percentage of samples (65.698%) were positive for the Fusarium toxins (DON, ZEA), the DON-contaminated samples with
concentrations from 101 to 200 µg kg-1 accounted for 44% and <100 µg kg-1 for 38%. Only 2% of the
samples were negative for DON. Barley grain samples with contentrations of 501- 1000 µg kg-1 and >
1000 µg kg-1 accounted for 3% each. ZEA anlyses showed this mycotoxin to be less frequent than
DON, since 35 % of the samples analysed were ZEA-free. Pigs, especially young animals, are most
susceptible to this mycotoxin, therefore monitoring its content in forage is essential (Minervini and
Dell’Aquila 2008; Glenn 2007; Bennett and Klich 2003; Mankevi ien 2002). Samples with 51 - 100
µg kg-1 concentrations accounted for 4%, and those with higher than 100 µg kg-1 concentration made
up as little as 1 %. Our research showed that mycotoxin concentrations were not very high during the
experimental years; however, the potential risk lies in the fact that various mycotoxins may occur
simultaneously depending on the environmental and substrate conditions (Speijers and Speijers 2004).
Considering this coincident production, it is very likely, that humans and animals are exposed to
mixtures rather than to individual compounds (Heussner et al. 2006).
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501,0-1000,0
3%

>1001,0
3%

0
2%

51,0-100,0
4%

201,0-500,0
10%

>100,0
1%

0
35%

21,0-50,0
24%

< 100,0
38%

11,0-20,0
12%

101,0-200,0
44%

DON

<10,0
24%

ZEA

Figure 1. DON and ZEA contamination in barley grain samples according to concentration levels
3.2. Mycotoxins in maize and grass silage
Maize and grass silages were found to be more important sources of mycotoxins than feed barley
grain. DON and ZEA co-occurred in 100 % maize silage samples. The concentration of DON in these
samples varied from 2429.0 to 2600.0 µg kg-1 and that of ZEA from192.3 to 489.0 µg kg-1 (Table 3).
T-2 toxin, OCH and AFL were detected in 50 % of maize silage samples and the concentration in
these samples varied from 362.8 to 483.3 µg kg-1, 7.6 to 41.3 µg kg-1 and 29.6 to 31.4 µg kg-1,
respectively.
Table 3. Mycotoxin contamination in maize silage
Mycotoxin

Parameter

DON

No. of samples

ZEA

T-2

OCH(A+B)

AFL(B1+B2+G1+G2)

2

6

8

8

6

100

100

50

50

50

2521.5

376.5

422.8

24.0

30.7

Min values in positive samples µg kg

2429.0

192.3

362.8

7.6

29.6

-1

2600.0

489.0

483.3

41.3

31.4

Standard deviation

45.68

40.76

30.86

6.90

0.56

Coefficient of variation %

3.62

26.51

14.60

57.50

3.14

Samples contamination %
Mean of contamination µg kg-1
-1

Max values µg kg

ZEA and OCH were detected in all 6 grass silage samples with respective concentration ranges of
115.8 - 553.1 µg kg-1, and 3.5 - 36.2 µg kg-1 (Table 4). T-2 was found in 50 % and AFL in 83.3 %
grass silage samples. The concentrations were similar to those in maize silage, except for DON - grass
silages samples were negative for this mycotoxin. Based on the results of this study and the fact that
maize silage is a major component of the dairy cattle diet in many regions of the world, it can be
expected that maize silage is a major dietary source of DON, ZEA and T-2 toxin. Similar
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contamination levels of maize silage were reported to occur in other countries (Eckard et al. 2011;
Hochsteiner and Schuh 2001; Whitlow and Hagler 2005). Grass silage appeared to be a less significant
source of DON than maize silage. Our observation agrees with the results of Driehuis et al. (2008).
Apparently, conditions in mould-infected grass do not favour DON formation, or grass is infected by
specific mould species, capable of producing ZEA but not DON.
Table 4. Mycotoxin contamination in grass silage
Mycotoxins

Parameter

DON

No. of samples

<LOD*

ZEA

T-2

OCH(A+B)

AFL(B1+B2+G1+G2)

6

6

6

6

<LOD

100

50

100

83.3

<LOD

350.2

410.8

11.4

40.2

Min values in positive samples µg kg

<LOD

115.8

356.4

3.5

30.1

-1

<LOD

553.1

459.3

36.2

52.7

Standard deviation

<LOD

59.22

29.85

5.06

4.14

Coefficient of variation %

<LOD

41.42

12.59

108.63

23.02

Samples contamination %
Mean of contamination µg kg-1
-1

Max values µg kg

* limit of detection

The findings of our study demonstrate that maize silage is an important source of DON and ZEA in
the diet of dairy cattle. According to Driehuis et al. (2008) their occurrence in feed is not considered to
be of significant concern with respect to the safety of dairy products for consumers, since the carryover of these mycotoxins into milk is negligible. However, Korasteleva et al. (2009) concluded that
Fusarium mycotoxins can decrease some cellular aspects of immune function in dairy cattle, while
stimulating primary humoral response to specific antigens, and therefore feeding of contaminated
materials to dairy cows should be minimized. Moreover, these silages are not recommended for young
animals’ feeding (EC 2006 a).
3.3. Mycotoxins in rapeseed cakes
Examination of rapeseed cake samples for DON, ZEA, T-2, OCH, AFL showed all the samples to be
mycotoxin-positive. DON, OCH and AFL were detected in 100% of the samples and their
concentrations varied from 267.3 to 590.5 µg kg-1, from 2.0 to 5.3µg kg-1, from 1.4 to 4.2 µg kg-1,
respectively. ZEA was detected in 86 % of the samples and the average concentration was 12.3 µg kg1
.T-2 toxin was detected in 66.6 % samples, and the average concentration was 11.8 µg kg-1.
Often more than one mycotoxin is found on a contaminated substrate (Speijers and Speijers 2004). In
our study, multi-mycotoxins contamination was determined in 7 samples. The results revealed that 5
of 7samples were contaminated with 5 mycotoxins (DON, ZEA, T-2, OCH, AFL), 6 of 7 samples
were contaminated with 4 mycotoxins (DON, ZEA, OCH, AFL), and all 7 samples were contaminated
with 3 mycotoxins (DON, OCH, AFL). The concentrations of mycotoxins were low. This may be due
to the toxin-producing fungi being killed or removed during processing, but the mycotoxins remaining
in the final product. Similar contamination levels of rapeseed cake were reported to occur in other
countries (Yiannikouris and Jouany 2002).
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Table 5. Mycotoxin contamination in rapeseed cake
Mycotoxin

Parameter

DON

No. of samples
Samples contamination %
Mean of contamination µg kg

-1

ZEA

T-2

OCH(A+B)

AFL(B1+B2+G1+G2)

7

7

7

9

9

100

86

71.4

100

100

387.0

12.3

11.8

3.6

2.8

-1

267.3

0

0

2.0

1.4

-1

590.5

21.7

24.5

5.3

4.2

Standard deviation

53.89

2.46

6.36

0.41

0.32

Coefficient of variation %

36.84

52.81

53.09

34.11

34.86

Min values µg kg

Max values µg kg

Thus, our study revealed frequent co-contamination of feed samples with the tested mycotoxins at
various compositions and levels. However, the mycotoxin concentration in almost all feed
commodities analysed did not exceed safe rates. But if these materials are added to the mixed feed,
even such low mycotoxin quantities can be dangerous for animal health.
4. CONCLUSIONS
DON was the most common mycotoxin in the tested feed samples: barley grains, maize silage and
rapeseed cake. The mycotoxin was detected in 100% of the maize silage and rapeseed cake samples,
and in 98% of the barley grain samples. Only grass silages were found DON-negative.
Maize and grass silages were found to be more important sources of mycotoxins than feed barley
grain; however, T-2 toxin in barley exceeded the safe level of 100 µg kg-1 (315.6 µg kg-1).
The study showed that the concentration of mycotoxins in rapeseed cakes was low; however, the
results revealed that 71% of the samples were contaminated with 5 mycotoxins, 86% of the samples
were contaminated with 4 mycotoxins and 100% of the samples were contaminated with 3 mycotoxins
simultaneously.
In many cases, all the tested mycotoxins were found to co-occur in most of the samples tested.
Although the quantified concentrations often were not high, they are an undoubted risk factor in mixed
animal feed production.
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Abstract
Sugar beet is a plant species that provides 40 % of world sugar production. Due to its high demand, it
is often referred to as “the Queen” of fields.
These experiments were conducted on carbonate chernozem soil, subtype on loess, variety moderately
deep, with good production properties.
This paper shows the effect of precipitations (winter and vegetative), and the amount and distribution
of mineral nitrogen in soil profile on sugar beet yield. The results are based on eight year
experiments. When soil moisture was low during spring, between 20,5 and 21 %, the yield was in a
range from 43,3 to 64,4 t ha-1. The amount of nitrogen in layer 0-120 cm during spring had a
significant effect on yield. The difference in yields from 71 kg N ha-1 and 150 kg N ha-1 in spring was
in 4,2 t ha-1 of root. Average moisture content in wetter years was between 23,0 and 23,8 %, and yield
from 62,5 to 83,5 t ha-1. In this case, the amount of precipitation during vegetation had a dominant
influence on yield height. The difference between average yield with low soil moisture and average
soil moisture during spring was 18,4 t ha-1 (33 %). When the moisture during spring was 23,7 % and
the content of nitrogen (0-120 cm) 189 kg N ha-1 a yield of 79,8 t ha-1 was achieved, and with moisture
of 23,3 % (2006) and the amount of nitrogen of 123 kg N ha-1, the yield was 67,8 t ha-1. In this period,
the precipitations during vegetation were only 38 l m-2, and the difference in yields was 12,0 t ha-1.
Key words: sugar beet, yield, mineral nitrogen, winter precipitation
1. INTRODUCTION
Sugar beet (Beta vulgaris alltisima var, sacharifera) belongs to a group of crop plant species with the
shortest history of cultivation. It could be said that this species is a result of humans (science).
Through selection, out of sugar content in sugar beet root of 1 %, varieties with over 20 % were
created. The cultivation history of this plant species can be associated with building the first sugar
refinery in Cunern near Wroclaw. Sugar beet is a plant species that transforms the largest amount of
suns kinetic energy into organic matter. One tone of sugar has an energy value of 17.165,9 KJ, and one
tone of bread has between 8.374 and 9.420 KJ. With a yield of 10 t ha-1 of sugar, 171.659 KJ of sun
kinetic energy transforms, and 66.992 to 75.360 KJ transforms with a yield of 8 t ha-1 of bread (wheat
grain). By-products, in production and processing of sugar beet have an energy value equal to 5.643 or

219

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

ISSN 1314-8591 Published at: http://www.scientific-publications.net
3.663 kg of corn grain in feedlot of beef (meat). This energy value is shown for a yield of 55 t ha-1 of
root, and the difference is between by-products that are used in feedlot of beef. In first case, the
following plant parts were taken into consideration: head and leaf + molasses + root cossettes, and in
second molasses and root cossettes.
To achieve an abundant and stable yield, and to transform a large amount of sun energy, it is necessary
to pay full attention to the cultivation technology. Fertilizing is one of key steps to achieving a rich
yield. One of the most nutritive elements that have an impact on yield is nitrogen. Fertilizing with
nitrogen should be adjusted to a realistic yield, because surplus and deficit have the same negative
effect on yield and the quality of root. Winter precipitation, precipitation during May, Jun and August,
as well as the quantity and distribution of mineral nitrogen in soil profile in spring have a significant
impact on the expected and/or realistic yield. By the time sowing – fertilizing begins, all of the
significant elements, except vegetative precipitation, are well known. Correction of expected yield is
made based on these elements, so that the problem with nitrogen surplus or deficit would be avoided.
In semi-arid climate of northern parts of Serbia, in Vojvodina, on fertile soil, the yield of spring crops
mainly depends on winter precipitation and the distribution of nitrogen in soil profile. The distribution
of nitrogen is in direct correlation with winter precipitation.
This paper will address the effect of winter precipitation, quantity and distribution of nitrogen in soil
profile on sugar beet yield.
2. MATERIAL AND METHOD
Research have been done on a multiyear stationary experiment which is founded in year 1965 on soil
type called „chernozem“, subtype on loess and loess sediments, variety carbonate, middle deep form,
good water-air regime, in Rimski Šan evi in Institute of Field and Vegetable Crops from Novi Sad.
The experiment was conducted in a four crop rotation with the following plant species: sugar beet,
corn, sunflower and wheat. Total size of the experiment is 7,344 ha, with 1,836 ha for each crop. The
experiments are conducted in four repetitions with 19 treatments of fertilization and a control (without
fertilization). The size of the elementary parcel for fertilizing is 229,5 m2, and for yield 170 m2.
The quantities of each NPK nutrient were 50, 100 and 150 kg ha-1. The number of fertilizing
treatments with growing quantities of nutrient is 13 for triple, 3 for double and 3 for singular nutrients
combinations.
In the time the experiment started, in 1965, agrochemical characteristics of soil are shown in Table 1,
and they have changed significantly in the last years, especially on the treatments with high quantities
of NPK nutrient.
Tab.1 Agrochemical characteristics of soil in the time of experiment founded, in 1965
pH

Depth

CaCO3

(cm)

%

H2O

0-30

1,26

7,85

Humus

Total N

KCl

%

%

7,16

3,17

0,197

P2O5

K2O

(mg/100g soil)
17,8

35,5

Content and distribution of mineral nitrogen has been monitored since 1982, on all fertilizing
treatments. Samples by depths of 30cm are taken to depth of 120 cm, at least 2 times a year. The first
soil sampling was in spring before the presowing fertilization, and the second at the end of vegetation,
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after harvesting of the sugar beet. The samples are analyzed on the content of mineral nitrogen (NH4 +
NO3) Scharpf and Werhmann method (1977, 1978 and 1979).
Total quantity of phosphorus and potassium is used in autumn before the main, basic tillage. Also, one
half of the planned quantity of nitrogen is used together with these two. The remaining nitrogen is
used in spring before the seed bed tillage.
Other agro technical measures are done opportunely in optimal timings.
The plant supply with water is also monitored over the standardized precipitation index. McKee et al.
(1993) (SPI – Standardized Precipitation Index). According to many authors (Hayes et al., 1999;
Heim, 2002 i GAMP, 2010), by using this index we can better compare data about precipitation with
each other. World meteorological organization has adopted the recommendation that all national
meteorological and hydrological services use SPI in monitoring draughts (WMO, 2009).
Long-term results from this experiment have been useful for studying the correlation dependence
between yields and real evapotranspiration (ETR), the distribution of nitrogen in soil profile, winter
and vegetative precipitations.
This paper will show the results of the only one fertilizing treatment: 150 kg ha-1 N 100 kg ha-1 P2 O5
100 kg ha-1 K2 O. Four years with low content of water in soil during spring will be analyzed (1993,
2003, 2007, 2008) and four years with higher content of water in soil (1997, 2004, 2005, 2006).
3. EXPERIMENT RESULTS WITH DISCUSSION
Table 2 shows precipitation and standard precipitation index (SPI) in months during vegetation, as
well as winter precipitation. Out of four chosen years, two are with small amounts of winter
precipitations and two with average amount of precipitation. Moisture in all four soils was below
average. Vegetative precipitations were also either average or low and were combined with winter
precipitation. In year 1993 and 2008 winter precipitations were average, and vegetative precipitations
in 1993 were low, and in 2008 average. In following two years (2003 and 2007) winter precipitations
were low, vegetative precipitations were also low (2003) or average (2007). Average moisture in
profiles from 0 to 120 cm was between 20,5 % (2003) to 21,0 % (2008) and was significantly lower
compared to years with high and/or average amounts of winter precipitations.
Table 2. Precipitation and draught index (SPI) of years with low content of water in soil during spring
Year

Months during the vegetation period

Precipitation
-2

lm
SPI
l m-2
SPI
l m-2
SPI
l m-2
SPI

1993
2003
2007
2008

IV
30
D
9
D
0
ED
21
MD

V
39
D
22
VD
99
MW
47
N

VI
40
VD
31
ED
71
N
115
MW

VII
42
N
62
N
39
D
42
N

VIII
36
N
30
N
80
MW
14
MD

N - normal; D - dry; M - moderate; V - very; E – extreme; W - wet
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IX
38
N
83
MW
79
MW
94
MW

Total precipitation
(l m-2)
IV-IX
X-III
225

345

237

237

368

252

333

330
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It is already stated that winter precipitations were low during years 2003 and 2007 (237 and 252 l m-2),
and average content of water in soil was 20,5 and 20,8 %. A more desirable distribution and moisture
content was in year 2007. At that time, there was 1,2 and 0,9 % more moisture than 2003, in depths
60-90 and 90-120 cm. The quantity and distribution of mineral nitrogen in soil profile (Figure 1) was
favorable in year 2007. There was 64 kg N ha-1 in layers 60-90 cm, which makes (42,7 %) out of total
nitrogen quantity (150 kg N ha-1), and in layer 0-30 cm it is only 9 kg N ha-1 (6,0 %). Favorable
distribution of mineral nitrogen and optimal quantity (150 kg N ha-1) had an effect on a relatively high
root yield (64,4 t ha-1), although winter precipitations were low. Vegetative precipitations were
average, with extreme shortage in April (ES) and that had an effect on better root descending into
deeper layers so the Jun (S) draught haven’t had negative effects on yield. Small amount of winter
precipitations was in year 2003 (237 l m-2), and was followed with a draught in April (SS), May (JS)
and Jun (ES) and normal moistening in the following vegetation period. The distribution of mineral
nitrogen in soil profile was less favorable (8; 34; 34; 24 %) with a large quantity of nitrogen in layer
30-60 cm 117 kg N ha-1 (34,2 %), which as a result gave a less developed root in deeper layers. The
draught during early vegetation did not help the root development, because the nitrogen surplus had a
negative effect on its development. Large amount of mineral nitrogen during spring in layer 0-120 cm
(342 kg ha-1) combined with a shortage of precipitation during vegetation (131 l m-2) compared to
2007, had an negative effect on yield (43.3 t ha-1) which was the lowest one in eight examined years.
Lower amount of precipitations during vegetation (131 l m-2 ) and during winter (15 l m-2) and high
difference between amounts of mineral nitrogen in layer 0-120 cm (192 kg N ha-1), and in layer 30-60
cm (72 kg ha-1) had an effect on 21,1 tha-1 lower yield between years 2003 and 2007.
In spring of 1993, after average precipitations during winter (345 l m-2), average soil moisture in layer
0-120 cm was 20,6%. The distribution of nitrogen in soil profile was good 36, 41, 49, 77 kg ha-1 (18;
20; 24; 38 %) and the total amount of nitrogen was 203 kg N ha-2, which is a high amount of this
fertilizer in spring. The lack of precipitation during vegetation started in April (S), and continues in
May (S) and Jun (JS). The total amount of precipitation during vegetation was 225 l m-2. All of these
elements had an impact on creating a relatively good yield of 52 t ha-2.
Approximately the same nitrogen distribution in soil profile was in year 2008, 12, 16, 20 i 23 kg N ha-1
(17; 22; 28; 33 %), and in year 1993, total amount was significantly lower, 71 kg N ha-1 compared to
203 kg N ha-1. The moisture content in the soil (0-120 cm) during spring was 0,4% higher than 1993,
and first three months of vegetation had better moistening. Vegetative precipitations in 2008 were 108
l m-2 larger than those in 1993, and were average. Based on the stated elements, there were solid
conditions for creating a yield larger than 60,2 t ha-1, and the difference in yields between these two
years should be bigger that 8,2 t ha-1. The main reason for such a low yield was the lack of nitrogen
during spring (only 71 kg ha-1).
Ja imovi et al. (2005) and Marinkovi et al. (1989; 1989 a; 2012) in their early papers, came to
similar, almost identical results, and emphasize the role of mineral nitrogen in deeper layers in
forming corn and sugar beet yield.
Haka kova (2003) in her paper shows that the amount of nitrogen in layer 0 – 60 cm had an effect on
yield, in agroecological conditions of Slovakia. The Lawinskog et al. (2000) show the same
Winter precipitations have a great impact on yield height, which is discussed by Marinkovi et al.
(1996). The results of these experiments concur with this author, as well as with the results of
modeling yields by Pavlovic (2011).
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Figure 1. Sugar beet root yield (t ha-1), soil moisture (%) and N-min nitrogen distribution in soil
profile (year 1993, 2003, 2007, 2008) on fertilizing treatment N150 P2O5100 K2O100 (kg
ha-1)
Table 3. Precipitation and draught index (SPI) of years with high content of water in soil during spring
Year

Precipitation
-2

Months during the vegetation period
IV

V

VI

VII

VIII

IX

Total precipitation
(l m-2)
IV-IX
X-III

1997

lm
SPI

75
MW

17
ED

62
D

123
MW

125
VW

30
N

316

432

2004

l m-2
SPI

118
EW

88
MW

97
N

51
N

54
N

50
N

458

313

2005

l m-2
SPI

33
N

38
W

136
MW

122
MW

134
VW

67
MW

530

375

2006

l m-2
SPI

66
MW

70
N

104
N

31
D

125
VD

24
D

420

240

N - normal; D - dry; M - moderate; V - very; E – extreme; W – wet
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Table 3 shows the amount of precipitation during winter, as well as monthly precipitation during
vegetation and draught index (SPI). Winter precipitations were average (313 i 375 l m-1) in two (2004
and 2005) out of four examined years. In 1997 the amount of winter precipitations was high (432 l m2
), and in 2006 low (240 l m-2). Average soil moisture to depth of 120 cm varied between 23,0 %
(2005) to 23,8 % (1997). During vegetation, low precipitations were only in year 1997 (316 l m-2), and
in other three years high, in range from 420 l m-2 (2006) to 530 l m-2 (2005).
In all examined years (1997; 2004; 2005; 2006) a optimal mineral nitrogen distribution in soil profile
was achieved (Figure 2). The content of nitrogen in layer 60-90 cm was 55 (37,9 %), 59 (31,2 %), 29
(29,0 %) i 43 kg ha-1 (35,0 %), and in layer 90-120 cm 64 (44,1 %), 93 (49,2 %), 37 (37,0 %) i 55 kg
ha-1 (44,7 %), respectively. The total amount of mineral nitrogen was 145 (1997), 189 (2004), 100
(2005) i 123 kg ha-1 (2006). Precipitations during winter and during vegetation, with optimal nitrogen
distribution, had great impact on yield. On 2005 was the highest yield (83,5 t ha-1), when winter
precipitations were average (375 l m-2) and vegetation precipitation high (530 l m-2) with mild draught
in May (S), in which time the root develops. Other months were with normal moistening index (April)
or moderately wet (Jun, July and September) or very wet (August). A 3,7 t ha-1 lower yield was
achieved in 2004 due to extreme and moderate moisture in April and May, when the root system is
being developed. Other months had normal draught index. The difference in yields between years
1997 and 2006 was 5,3 t ha-1 in favor of 2006 and was a result of higher amounts of precipitations
(104 l m-2) during vegetation, despite winter precipitations being low, and soil moisture at 23,3%. It
was a result of higher amounts of precipitations during vegetation in prior year (2005), (moderate and
very humid period between Jun and September). These data show that not only the height of winter
precipitations should be monitored, but also the average moisture content in the soil during spring.
The results of these experiments concur with results obtained by Marinkovi et al. (1996) and
Ja imovi et al.. (2008) which state that nitrogen in deeper layers has a significant influence on the
height of sugar beet yield. They also coincide with Tanjšek et al. (2012) results, considering the role of
nitrogen conducted on multiyear stationary experiments.
4. CONCLUSION
Based on the results of these experiments, we can state the following:
This paper shows the eight-year study results.
First four years (1993; 2003; 2007: 2008) are low in soil moisture. Average moisture in layer 0-120
cm was 20,6; 20,5; 20,8 i 21,0 %, winter precipitations were 345, 237, 252, 330 l m2.
Vegetative precipitations in first four years were low, 225 and 237 l m-2 (1993 and 2003) or average
268 and 333 (2007 and 2008).
The distribution of mineral nitrogen during spring was relatively optimal in all four examined years.
In years 1993 and 2007 the amount of nitrogen in spring was satisfying (150 i 203 kg N ha-1).
The amount of mineral nitrogen in spring 2008 was insufficient (71 kg N ha-1), and in 2003 there was
a surplus in nitrogen (242 kg N ha-1), which effected the yield height.
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Figure 2. Sugar beet root yield (t ha-1), soil moisture (%) and N-min nitrogen distribution in soil
profile (year 1997, 2004, 2005, 2006) on fertilizing treatment N150 P2O5100 K2O100 (kg
ha-1)
Low winter and vegetation precipitations and a huge amount of mineral nitrogen had a significant
effect on producing the lowest yield (43,3 t ha-1) in year 2003.
In 1993, the vegetation precipitations (225 l m-2) had the dominant influence on yield (52,0 t ha -1).
The insufficient amount of nitrogen in spring 2008 (only 71 kg N ha-1) despite optimal precipitations
caused low yields (60,2 t ha-1).
The highest yield 64,4 t ha-1 was formed in 2007, when the weather conditions were not optimal, but
the amount and distribution of nitrogen was optimal.
The next four years (1997; 2004; 2005 i 2006) had higher soil moisture. Average moisture in layer 0120 cm was 23,8; 23,7; 23,0 i 23,3 %,
Besides the winter precipitations, the precipitation during the prior year in late vegetative period, had
an influence on the level of moisture in the soil
Vegetation precipitations were high in following years: 2004; 2005 and 2006 (458, 530, 420 l m-2),
and low in year 1997 (316 l m-2).
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The distribution of mineral nitrogen was optimal in all examined years.
First two soil layers (0-30 and 30-60 cm), contained from 4,8 to 14,2 % and from 10,4 to 20 % of total
amount of nitrogen.
The total amount of mineral nitrogen in layer 0-120 cm was optimal (100-189 kg N ha-1).
The lowest yield of 62,5 t ha-1 was in 1997, which was the year with the lowest amount of vegetation
precipitations (316 l m-2).
This yield was lower by 1,9 t ha-1 than the highest yield with low content of water in soil during spring
(2007) and average amount of precipitation during vegetation (368 l m-2).
The same yield was higher by 19,2 t ha-1 than the lowest yield with low content of soil moisture during
spring (2003) and during vegetation (237 l m-2).
The highest yield was accomplished in year 2005 (83,5 t ha-1) when higher reserves of water in soil
(23,0 %) were available during spring, and when the vegetation precipitations were 530 l m-2, although
the amount of mineral nitrogen was low (100 kg N ha-1).
Compared to 2007, the yield in 2005 was higher by 19,1 t ha-1, and compared to 2003 it was higher by
40,2 t ha-1 ( increase of 93 % ).
When the moisture in soil was higher (average 23,4 %) the average yield was 73,4 t ha-1. and when the
moisture in soil was at a average of 20,7 % during spring, the average yield was 55,0 t ha-1. The
difference between these two average yields is 18,4 t ha-1 (33 %).
To achieve high, and for given conditions optimal yields, one should properly evaluate the role of all
production factors and adjust them according to the plant demands.
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INTERACTION BETWEEN AUXIN & HERBICIDES AND THEIR ROLES IN ROOTING
RESPONSE OF FRESH AND AGED MUNG BEAN (Phaseolus aureus ROXB.) CUTTINGS.
Abdullah I. Shaheed*, Besheer A. M. Al-Alwani, Ruqiea H. Rahman
Department of Biology, College of Science, Babylon University, Iraq

Abstract
The influence of auxins and herbicides individually or in combination on rooting response of fresh
cuttings, when supplied during ageing, or as inductive auxin treatment (IAT) were studied. The results
revealed:
a) 2,4-D at 10-3 M or 10-4 M for 1/2h as (IAT), had no significant effect on rooting response,
when cuttings aged in Paraquat (PQ). Whereas, 2,4-D for 24h at (10-4 M) (as IAT) had
significant promotion ( 166%) in cuttings aged in PQ. This confirms the role of PQ in
stopping the processes that occurs during ageing, but not during rooting per see.
b) Replacement of 2,4-D by IAA ( 5x10-4 M) as IAT for 24h doesn't change the trend of
events in cuttings aged in PQ or 2,4-D. Seemingly, both herbicides had no effect, when
IAT was presented by IAA exclusively.
c) Both herbicides had no effect in fresh cutting even when supplied simultaneously whereas,
PQ simultaneously with IAA induces 59% over IAA alone.
Key words: Ageing, Anti-oxidant defense mechanism, 2,4-D, IAA, Metabolic interaction, Mung bean,
Oxidative stress , PQ and Rooting response.
1- INTRODUCTION
Ageing is a multi-conceptual phenomenon , was studied in different experimental systems and
interpreted by several hypotheses , such as, genetic and biochemical changes that lead to the gradual
senescence and death of cell or organism(coombs,1986).However in terms of adventitious root
formation (ARF), it means the processes that lead to diminishing rooting response in mung bean
cuttings by delaying the inductive auxin treatment (cuttings kept in deionized water during ageing
period (Jarvis, 1986).
In addition, many attempts have been used to control ageing phenomenon (stopping the processes that
occurs during ageing) was archived by several physio – chemical ways . Such as keeping cuttings
during ageing period in 1.5% sucrose ( Shaheed & Salim ,2002 a), dilute auxins , such as , IAA ,10-8M
(Shaheed , 1987) and 400 mg/l as corbate (Shaheed et al, 2010) to maintain the sensitivity of cuttings
to inductive auxin treatment (IAT) and inducing a number of roots equal statistically to that in the
control (fresh cuttings). Furthermore, using antioxidants of phenolic compounds such as o-coummaric
acid, caffeic acid, p-hydroxy phenol and hydroquinone, all of these at concs. (10-3M (shaheed et, al,
2010). Obviously indole butyric acid (IBA) considered the widely used Auxin in stimulating rooting
is due to 1) its ability to stimulate root initiation 2) weak toxicity and persist longer in plant tissues
compared to indole acetic acid (IAA) (Hartmann et, al, 2002).
Meanwhile, the insensitivity of olive cuttings var. Domad for exogenously IBA has been interpreted
on the basis of differences in metabolism and transport of IBA (Wiesman & epstien, 1987). Whereas,
using a combination of IBA and NAA at optimal concentrations increases rooting response in olive
229

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

ISSN 1314-8591 Published at: http://www.scientific-publications.net
cuttings compared to its supply individually(Isfiendiyaroglu & Ozeker, 2008). Also the ability of
some secondary metabolites (growth retardant/ inhibitors ) for exp: phenolics, polyamines to modulate
the effect of hormones during rooting response (Hartmman et al ,2002).
In addition, hormones and other growth regulators were used for different purposes in the control of
some aspects of plants development, and commonly used Auxin in weeds control is 2,4-D (Hopkins &
Huner, 2009). The latter indicated that 2,4-D appear as effective Auxin at low conc.s , whereas , it is
effective as herbicide at high conc.s . For not clear reasons, these herbicides are toxic, some of these
are selectively for broad-leaved like 2,4-D (Chinallia ,2007) and others not selective as (PQ) ,but it is
more effective against narrow leaved weeds (Suntres ,2002).
Moreover, the induction of roots formation in cuttings by auxins is still not clear on the molecular
level (Ludwig-Muller et, al, 2005). The latter was suggested that rooting response in Arabidopsis
cuttings attributed to the interaction between natural Auxin (IAA) and exogenous (IBA). However, the
difference in ability for roots formation is due to the difference in metabolism of auxin (Blaskova et,
al, 1989) . Obviously Indol butyric acid aspartate (IBASP) is more effective than Free IBA in
stimulating adventitious roots formation in mung bean cuttings due to long persistence during rooting
(Wiesman, et, al, 1989), As well as other differences in Uptake and Transport which must be taken in
a count in rooting pattern (Esptein & Ludwig-Muller, 1993) .
On the other hand, the decline in IAA-Oxidase activity and the high level of auxin protectors may
indicate the necessity of auxin accumulation in the induction of rooting as confirmed by several
previous studies, such as. (Liu et, al, 1996) .While period that coincides with the highest enzyme
activity and the lowest level for the auxin protectors linked to the early initiation phase, they may
indicate requirements to reduce the normal level (IAA) for an appropriate hormonal balance
(Moncousin, 1991). At the level of physiological events that lead to initiation of roots, Ludwig-Muller
and his colleaques (2005) was found that: 1) IBA is one of the natural factors in Arabidopsis (but not
IAA) induce adventitious root formation. 2) The timing of Auxin supply is important to distinguish
between Callus and roots formation. 3) The system used (cuttings from Arabidopsis) is appropriate
for the diagnosis of genes that correlated with root formation. 4) as well as the IAA-deficient Mutant
has been used to analyze the overlap between the IBA / IAA during root formation. Moreover ,
research lines have shown that part of IBA effect was attributed to direct action of IBA as normal
auxin (Poupart & Waddell, 2000), despite the possibility of converting IBA to IAA through Oxidation (Bartel , et al; 2001). For example , the drought stress and osmotic stress stimulants
synthesis of IBA and thereby increase its content, while IAA is less affected (Ludwig-Muller et al;
1995).
Finally, it is common in agricultural practices, that cuttings were treated with herbicides due to the
possibility that cuttings may be infected by various fungi during rooting (Thielges & Hoitink, 1972), a
condition that those herbicides does not affect rooting response positively or negatively in case of
induction of these cuttings by a particular chemical. Given that lack of a study on the already
interaction of herbicides and Auxin in rooting response of fresh and aged cuttings of mung bean, as
well as keeping cuttings during ageing period as inductive auxin treatment after ageing was
considered the aim of this study.
2- MATERIALS AND METHODS
2-1: Growth of stock plants & Preparation of cuttings :Seeds (Phaseolus aureus Roxb.Var.local) germination and seedlings growth were carried out in
growth cabinet at 25±1C under continuous illumination supplied by warm white fluorescent tubes
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(1500-1800 lux) and relative humidity of 60 -70% ( Binder GMbH/ Germany). Stem cuttings were
prepared according to (Hess, 1961) from 10- day – old light grown seedlings. The cutting had apical
bud, a pair of fully expanded primary leaves , epicotyl and 3cm of hypocotyl under cotyledonary
nodes , after removal of root system .
2-2: Preparation of solutions
2,4-D and IAA were initially dissolved in small volume of absolute ethanol ( Final conc. of abs . eth .
is 0.2%) . This conc. is not effective in ARF of mung been cuttings ( Middleton et al ; 1978 a). PQ
(27% active substance / United phosphorus Ltd India) was prepared at 1% (v/v) in d/H2O , then
diluted to the required concentrations.
2-3: Basal treatment of cuttings
Basal part (hypocotyl ) of fresh cuttings were treated for 1/2h or 24h with tested solutions (d/H2O,
2,4-D or IAA ) or in combination of these solutions . Thereafter ,cuttings were transferred to boric acid
(5µg /ml) for 6 days as rooting medium because of the role of boron in development of root primordial
in to visible roots ( Middleton et al; 1978 b).
2-4: Ageing treatments
Cuttings were aged by dipping in d/H2O or in appropriate tested solutions of PQ an 2,4-D of different
conc.s for 3-days prior to their treatment with IAA or alternatively with 2,4-D ( as inductive auxin
treatment = IAT ). During all these treatments, cuttings were held under the same conditions as
mentioned above for raising stock seedlings.
Twelve cuttings were used per treatment for rooting test were placed 4 per glass vial containing 15ml
(3cm depth ) of the appropriate solution . All experiments were designed as completes randomized
design for statistical analysis , depending on L.S.D and T-test for treatment comparison by using
analysis of variance (ANOVA) for all experiments as individual ( Spiegel , 1975).
3- RESULTS
The effect of 2,4-D on rooting response of cuttings already aged for 3-days in different conc. of PQ
was revealed in table (1) . The average roots number of cuttings aged in d/H2O for 3 – days and in the
absence of supplied auxin (general control ) is 6.3 roots/cutting. whereas , cuttings aged in d/H2O for
3-days before supplying the inductive auxin treatment (IAT) (2,4-D ) at 10-3M for 1/2 h were
developed 22.3 roots . Which is significantly effective by 3.5 folds compared to control (253.9 %) .
However ,cuttings were aged in PQ particularly at conc. (1×10-7%), prior to exogenous supply of 2,4D , (10-3M) (IAT) developed 26 roots /cutting , which is not significant compared to 2,4-D alone
(cuttings were kept in d/H2O during ageing period instead of PQ thereafter , supplied with 2,4-D as
IAT (22.3 roots) .
For controlling the processes that occurred during ageing in cuttings aged in different conc.s of PQ,
the above experiment has been repeated twice: a) with a lower conc. of 2,4-D (10-4M) as IAT & at the
same period (1/2h). b) with a lower conc. (10-4M) of 2,4-D as IAT but for 24h. The results of 1st
experiment (Table-2) were reveled that cuttings already aged in PQ at conc. (1×10-7 %) were
maintained its sensitivity for IAT represented by 2,4-D , that developed a higher number of roots
equal to 18. The latter figure statistically represent a significant increase (146.5%)on 0.01 level of
probability compared to cuttings aged in d/H2O & untreated with auxin (control ) whereas , such
increase is not significant in comparison to cuttings supplied with 2,4-D (10-4 M). In other words, PQ
does not stop the processes that occurs during ageing at this conc. Mean-while, other conc. have no
significant effect on rooting response except the inhibitory conc. (1× 10-8%) at 0.05 level .
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Table(1): Effect of 2,4-D, 10-3 M for 1/2h on rooting response of mung bean cuttings aged in paraquat
Cuttings aged for 3-days in :-

Subsequent treatment for 1/2h :-

Mean root number / cutting

d/H2O

d/H2O

6.3

d/H2O

-3

22.3

-3

20

-3

26*

-3

21

-3

11.6

2,4-D , 10 M
-7

PQ , (5 X 10 )%
-7

PQ , (1 X 10 )%
-8

PQ , (5 X 10 )%
-8

PQ , (1 X 10 )%

2,4-D , 10 M
2,4-D , 10 M
2,4-D , 10 M
2,4-D , 10 M

*L .S. D (0.05) = 8.874 ; L. S . D. (0.01) = 11.951.
Table(2):Effect of 2,4-D ,10-4 M for 1/2h on rooting response of mung bean cuttings aged in paraquat
Cuttings aged for 3-days in
:-

Subsequent treatment for 1/2h :-

Mean root number / cutting

d/H2O

d/H2O

7.3
-4

d/H2O

2,4-D , 10 M

17.3

PQ , (5 X 10-7)%

2,4-D , 10-4M

12.6

-7

-4

PQ , (1 X 10 )%

2,4-D , 10 M

18*

PQ , (5 X 10-8)%

2,4-D , 10-4M

16

-8

PQ , (1 X 10 )%

-4

2,4-D , 10 M

9.3

*L .S. D (0.05) = 5.476 ; L. S . D. (0.01) = 7.375.
The results of 2nd experiment (Table-3) were revealed that PQ at conc. (1×10-7%) stopped all processes
that occurs in cuttings aged in PQ , that developed 31 roots with increment equal to 166.3% compared
to cutting aged in d/H2O & consequently supplied with 2,4-D as IAT (19.3 roots ) . The latter case,
confirm the role of PQ in stopping the processes that occurs during ageing per sue( but not during
rooting response) particularly when 2,4-D was supplied for 24h as IAT.
Table (3): Effect of 2,4-D, 10-4 M for 24h on rooting response of mung bean cuttings aged in paraquat
Cuttings aged for 3-days in

Subsequent treatment for 24h :-

Mean root number / cutting

d/H2O

d/H2O

8.3

d/H2O

-4

19.3

-4

22

-4

31*

-4

24

-4

15.3

2,4-D , 10 M
-7

PQ , (5 X 10 )%
-7

PQ , (1 X 10 )%
-8

PQ , (5 X 10 )%
-8

PQ , (1 X 10 )%

2,4-D , 10 M
2,4-D , 10 M
2,4-D , 10 M
2,4-D , 10 M

*L .S. D (0.05) = 9.621 ; L. S . D. (0.01) = 12.957.
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Table (4) shows that rooting response of mung bean cuttings were aged in different conc. of PQ and
induced by IAA . The results were revealed that fresh untreated cuttings were developed (13) roots.
This was attributed to the endogenous IAA whereas , fresh cuttings treated with IAA , 5×10-4 M for
24h were developed 72.8 roots (increasing % is 460 ). However , in case of cuttings aged in d/H2O
for 3-days then transferred to boric acid (5 µg/ml ) as rooting medium without supplying IAT were
developed 9.2 roots , which represent a decline % in rooting response equal to 29.2 % compared to
control (fresh cuttings = 13 roots) .
On the other hand , when IAT was delayed , by ageing the cuttings in d/H2O for an intervening period
(3-day), rooting response progressively declined to 46.4 roots (inhibition %=36.2) compared to fresh
induced cuttings . Statistically this percent of diminishing rooting response is highly significant &
attributed to the processes that occurs during ageing .
For controlling these processes (delaying ) , cutting were kept for 3-days in different concs. of PQ.
Generally cuttings aged in all tested conc. of PQ were developed a number of roots restricted between
(34.1 -48.6 root/ cutting )after supplying IAA as IAT . The rooting response of these cuttings
represented by such figures are not significant compared to cuttings aged in d/H2O (46.4 roots ). The
foregoing results confirm that PQ has no effect on processes that occurs during ageing particularly
when IAA was supplied for 24h on IAT.
Table(4): Effect of IAA, 5 10-4 for 24h on rooting response of mung bean cuttings aged in paraquat .
Cuttings aged for 3-days in :-

Subsequent treatment for 24h

Mean root number / cutting

-

d/H2O

13

-

10-4 , M× IAA,5

72.8

d/H2O

d/H2O

9.2

d/H2O

10-4 , M× IAA,5

46.4

-7

-4

PQ , (5 X 10 )%

10 , M× IAA,5

40.1

PQ , (5 X 10-7)%

10-4 , M× IAA,5

48.6*

-7

-4

PQ , (5 X 10 )%

10 , M× IAA,5

35.3

PQ , (5 X 10-7)%

10-4 , M× IAA,5

34.1

-7

-4

PQ , (5 X 10 )%

10 , M× IAA,5

34.7

PQ , (5 X 10-7)%

10-4 , M× IAA,5

44.3

*L .S. D (0.05) = 17.879 ; L. S . D. (0.01) = 23.780 .
In comparison with PQ , 2,4-D was supplied at different conc. during ageing of cuttings for 3-days
prior to supply IAA , 5×10-4 M as IAT (Table-5) . Generally , cuttings aged in all tested conc.s Of 2,4D (10-8 -10-4 M) were developed (32.6-50.8 roots/ cutting ) after supplying IAA as IAT . These
figures had no significancy compared to control treatment , as it was the case with PQ . Obviously ,
these results confirms that 2,4-D had no effect too, on processes that occurs during ageing .
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Table (5): Effect of IAA ,5 × 10-4 M for 24h on rooting response of mung bean cuttings aged in 2,4-D.
Cuttings aged for 3-days in :-

Subsequent treatment for 24h :-

Mean root number / cutting

-

d/H2O

13

-

-4

10 , M× IAA ,5

72.8

d/H2O

d/H2O

9.2

d/H2O

-4

46.4

-4

39.6

-4

32.7

-4

42.9

-4

44.1

-4

50.8*

10 , M× IAA ,5
-4

2,4-D , 10 M

10 , M× IAA ,5

-5

2,4-D , 10 M

10 , M× IAA ,5

-6

2,4-D , 10 M

10 , M× IAA ,5

-7

2,4-D , 10 M

10 , M× IAA ,5

-8

2,4-D , 10 M

10 , M× IAA ,5

*L .S. D (0.05) = 13 ; L. S . D. (0.01) = 17.293 .
Interaction between 2,4-D &PQ in rooting response of fresh mung bean cuttings has, been shown in
table (6) .Fresh cuttings were treated with optimal conc. of 2,4-D were developed (31.6 roots)
compared to fresh untreated cuttings (8.6 roots) . However , cuttings were supplied with different
combinations of 2,4-D & PQ for 1/2 h, have no significant promotory effect compared to control (2,4D) ,except the combination [2,4-D, 10-3M + PQ , 5×10-6%] that developed the highest number 22.3
roots, with increasing % equal to 159% compared to control (d/H2O).
Table (6): Effect of 2,4-D & PQ supplied simultaneously in combination on rooting response of fresh
mung bean cuttings.
Treatment for 24h :d/H2O

Mean root number / cutting
8.6

-3

2,4-D , 10 M

31.6

2,4-D , 10-3M + PQ , (5 X 10-6 ) %
-3

-6

22.3*

2,4-D , 10 M + PQ , (5 X 10 ) %

12.3

2,4-D , 10-4M + PQ , (5 X 10-6) %

1.8

-4

-6

2,4-D , 10 M + PQ , (5 X 10 ) %

7.3

*L .S. D (0.05) = 9.617 ; L. S . D. (0.01) = 12.979 .
On the other hand , the interaction between IAA &PQ in rooting response of fresh mung bean cuttings
has been shown in table (7). Obviously , IAA at optimal conc. 5×10-4 M developed 45.3 root/cutting
compared with fresh untreated cutting (8.6 roots) . However ,combination between IAA 5×10-4 M &
PQ at two conc.(1×10-6 % & 5×10-6 %) induce 61.8 & 72.1 roots respectively . It is noteworthy , that
interaction between auxins particularly IAA & herbicides particularly PQ was induced adventitious
root formation in fresh mung bean cuttings which is 59% over IAA alone .
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Table(7):Effect of IAA & PQ supplied simultaneously in combination on rooting response of fresh
mung bean cuttings.
Treatment for 24h :-

Mean root number / cutting

d/H2O

8.6

10-4 M × IAA ,5
10

-4

45.3
-6

M × IAA ,5 + PQ , (5 X 10 ) %

10-4 M × IAA ,5 + PQ , (5 X 10-6) %

72.1*
61.8

*L .S. D (0.05) = 19.035 ; L. S . D. (0.01) = 25.916 .
4- DISCUSSION
Fresh cuttings were induced by (IAA,5×10-4M) as IAT immediately when taken from 10-day old light
grown seedling were developed 72.8 roots/cuttings (tables 5&4) . Whereas, any delay in supplying of
IAT by keeping cuttings in d/H2O for 3-day caused decline in rooting response by 36.3%. The above
decline was considered as physiological signal for biochemical processes that occurs during ageing
and lead to diminishing rooting response (shaheed,1987,Shaheed & Jabar,2009 ). General knowledge
was pointed out 10-hypothethses that explain ageing causes in different experimental systems , which
are mostly denoted the decline in rooting response , as a result of dealing auxin supply by keeping
cutting in d/ H2O for 3- days.
The results of the current study revealed that cuttings aged in d/H2O when supplied with 2,4-D for
1/2 h at 10-3 M (the optimal conc. When supplied at the optimal duration for fresh cuttings , data not
presented) as IAT, developed 22.3 roots/ cutting , compared to cuttings aged in d/H2O but not induced
by auxin (2,4-D) that developed 6.3 roots (Table 1) . This is occurring with other synthetic auxins that
induce rooting such as IAA, IBA, NAA, so it was agreed with Grabinske and his colleagues (2003)
about 2,4-D that acting as herbicide at high conc. from one side whereas , acts as endogenous plant
hormones (IAA) at low conc. from other side . In addition , that all auxins can acts in the same trend
by manipulating the kind of cuttings , kind of auxin , auxin conc., duration of auxin treatment , or
duration between cutting preparation from stock plant & auxin treatment (ageing period) (Jarvis,1986)
For controlling the processes that occurred during ageing phenomenon , cuttings were kept at different
conc.s of herbicide PQ as alternative for d/ H2O . Clearly, PQ has no significant effect on these
processes whether 2,4-D was supplied as IAT (after ageing treatment for 3-days ) for 1/2 h. & at conc.
10-3 M (Table -1 ) or at the same duration (1/2h) but with lower conc. 10-4 M (Table- 2) .
Consequentially , PQ has no effect at low conc. Whereas at (1×10-7%) when 2,4-D was supplied as
IAT for 24h (Table -3),that developed a higher average of roots 31 with an statistically significant
increase of about 166% compared to cuttings aged in d/H2O and induced by 2,4 –D (Table -3).
Obviously the latter case, raises that lowering conc. of 2,4-D (from 10-3 -10-4 M ) was coincided with
the prolonging the duration of treatment (from 1/2h- 24h ), have remarkable effect in increasing the
rooting response of mung bean cuttings aged in PQ . This may be attributed to the interaction between
/or action of 2,4-D with metabolic pathways of PQ (Table-6). Meanwhile, confirming the role of PQ in
stopping the processes (partialy/ completely according to the sp. ) that occurs during ageing per sue ,
but not during rooting .
On the other hand , replacement of 2,4-D by IAA ( 5×10-4 M) as IAT for 24h doesn’t change the trend
of events in cuttings aged in different conc. of PQ (Table -4) or 2,4-D (Table -5) . In other words ,
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both herbicides have no effect on rooting processes particularly , when IAT was presented by IAA
exclusively . Seemingly , the effect of PQ through the processes that occurs during ageing of mung
bean cuttings is (only positive and significant when IAT was presented as IAA.
To verify the role of PQ in ageing processes or rooting processes via interaction between herbicides &
auxins using fresh cuttings , the results were revealed that both herbicides (PQ / 2,4-D) has no
significantly positive effect on rooting response ,even when supplied simultaneously at optimal conc.
for both (22.3 roots/table- 6) compared to 2,4-D alone (31.6 roots) whereas , supplying PQ
simultaneously with IAA, significantly (on 0.01 level of probability ) promotes rooting response with
increment equal 59.1% over IAA alone (table-7) . According to the forgoing results, PQ is effective in
aged cuttings when 2,4-D supplied as IAT. Meanwhile, PQ is effective too in fresh cuttings when
supplied simultaneously only with IAA . However , as a conclusion , PQ acts synergistically with IAA
in fresh cuttings but nut with 2,4-D whereas , PQ acts synergistically too with 2,4-D as IAT in aged
cutting but not with IAA. It is difficult to give plausible explanation for the above conclusion .
However , the 1st case that involve the synergestic effect of PQ with IAA in fresh cuttings ,may be
attributed to the role of PQ in stimulation of IAA-oxidase . The latter is acting for diminishing IAA to
the level that required for growth & development of root primordia to visible roots (chibbar et al,979),
after its initiation under the influence of IAA at the 1st phase .
Consequently , the 2nd case that involve the synergistic effect of PQ with 2,4-d in aged cuttings , may
be attributed to the role of PQ in preventing suberin bioth Babylon University, entheses promoting or
suberin hydrolysis (loosing ) after its biosyntheses .this is in agreement with Clin&Neely (1983),that
hypothesis that explain ageing causes (blockage of xylem vessels by subrerin during ageing ). This
hypothesis was verified physiologically &anatomically in terms of rooting response of mung bean
cuttings by (shaheed & Al-alwani, 2002) . the later conforming the above explanation by maintaining
the translocation elements of xylem in active state functionally via herbicides transport (David ,1996 )
. seemingly , the plant tissue maintaining their integrity morphologically , through the action of
herbicides on suberin loosening that lining xylem vessels org filling it with progression of ageing
period.
Alternatively , the decline of SOD & CAT activity in different parts ( hypocotyl , epicotyl and
primary leaves ) of mung bean cuttings aged in d/H2O (Shaheed et al 2010 ),give clear imagination
about oxidative processes that occurs during ageing (Harman, 1956 ; shaheed et al ,2009 a ) , its role
in degrading the biological molecules & some cellular organelles that reduce the biosynthesis of
rooting response pre requisites (Scandalios ,1993) .
Such imagination may occurs via regeneration of free radicals, which by somehow influence the
pathways of hormone biosynthesis , in particular that have the priority in rooting response (as auxin ) .
So, accordingly an increase in the activity of SOD ,CAT enzymes may abstract the way against ROS
to react with the important molecules through increase the enzymatic activity of anti-oxidant defense
mechanism represented by SOD /CAT in mung bean cuttings aged in 2,4-D at 10-3 M for 1/2 h.
(Al-alwani et al, 2012) .
Notwithstanding ,the latter case agreed with shaaltiel and Gresssel (1986) about the role of PQ in
increasing the activity of ant-oxidant defense enzyme such as SOD/CAT in Conyza bonariensis,
because that herbicides considered as one of the factors causing the oxidative stress (scandalios, 1993).
So the produced ROS (e.g. superoxide per sue) that converted into H2O2 in the presence of SOD.
Consequently, H2O2 should be removed by catalases (peroxides) (Suntres ,2002 ). In other words, the
resistant was correlated with increasing SOD activity and other enzymes that capable for scavenging
the regenerated free radicals .
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EFFECT OF CONCENTRATION AND APPLICATION METHOD OF GA3, SALICYLIC
AND ASCORBIC ACIDS ON SEED YIED OF BROAD BEAN (Vicia faba L.)
UNDER SALINE SOIL
Ali H. Jasim, Naeem S. Matar
Faculty of Agriculture, Babylon University, Iraq

Abstract
An experiment was conducted at Al-Kefel, Babylon, to study the effect of seven acid treatments (GA3,
50 and 100 mg/l ; Salicylic, 0.5 and 1 mM ; Ascorbic, 50 and 100 mg/l, in addition to the control
treatment with water) and its interactions with three application methods (seed priming, foliar,
priming+ foliar) on yield parameters of broad bean plants under saline soil (7.5 dsm-1) in 2011-2012
growth season. Randomized complete block design with three replications was used. The results
showed as follow: Treatment with GA3 (100 mg/l) or salicylic acid (1 mM) alleviated salt damage and
caused a significant increase in pod numbers/pant (10.6 and 9.6), green pod weight (20.8 and 20.2
gm), weight of 100 seeds (128.2 and 132.2 gm), green pods yield (12.22 and 11.9 ton/hectare) and dry
seed yield (3.44 and 3.27 ton/hectare) as compared to control.
Key world: broad bean, saline soil, GA3 , salicylic acid, ascorbic acid, foliar application
.
INTRODUCTION
Broad bean ( Vicia faba L.) is an important legume crops grown for its wet and dry seed. And it is
cultivated in crop rotations to improve soil properties (Jassim, 2007). Farmers accept planted broad
bean because its low cost cultivation and ease of transfer and circulation.
Salinity is major harmful environmental factor that poses a major threat to crop productivity mainly in
arid and semiarid region of the world (Munns, 2005). Effects of salinity are more obvious in arid and
semiarid regions where limited rainfall, high evaporate transpiration, and high temperature associated
with poor water and soil management practices are the major contributing factors (Azevedo Neto et
al., 2006). Plant productivity is severely threatened by salinity. About 800 million hectares of land
throughout the world are salt-affected (Munns, 2005). Salinity is due to high amount of soluble salts in
soils or waters. Elevated levels of soluble salts in the soils as well as water result in restricted growth
and yield production in arid and semi-arid regions (Flowers et al., 2010). It has been well practiced
that when electrical conductivity (E.C.) exceeds greater than 4 ds.m-1, a sharp decrease in the crop
yield has been observed, but the level of reduction depends upon the tolerance potential of crop plants
(Sairam et al., 2002). The threshold of broad bean is 1.6 ds.m-1 and the decrease in yield is 9.6% in
each increasing 1 ds.m-1 (Ayers and Eberhard, 1960). Photosynthesis, decreases due to salt-induced
destruction of photosynthesizing tissues, reduced water potential and high accumulation of Na + and Cl(Ashraf et al., 2008). The adverse effects of salt stress on photosynthesis as well as plant growth are
correlated with oxidative stress induced by generation of excessive amounts of ROS and imbalance in
regulation of antioxidative defensive mechanism (Noreen et al., 2010).
GAs are phytohormons known to induce various physiological responses in plants and alter plant
metabolism under stress. GA3 increase photosynthetic rate in leaves of bean(Khan, 2002). GA3 is
important in influencing the photosynthetic activity and consequently the source–sink relations. The
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increase in glucose content by GA3 application shows the efficiency of GA3 in increasing
photosynthesis (Brian et al., 2006).
Salicylic acid (SA) is an endogenous growth regulator, which participates in the regulation of
physiological processes in plants. SA mediates the oxidative burst that leads to cell death in the
hypersensitive response and acts as a signal for the development of systemic acquired resistance
(Shirasu et al., 1997). SA had a major role in modulating the plant response to several abiotic stresses
(Senaratna et al., 2000). SA has been reported to ameliorate the adverse effects of salinity by
improving the functioning of the photosynthetic pigments and antioxidative enzymes (Idrees et al,.
2010; 2011). SA is also considered to be a signaling molecule that plays a key role in growth,
development, and defense responses in plants under stress conditions (Cameron, 2000).
Ascorbic acid (AsA) is one of the most important antioxidants abundantly occurring in plants
(Smirnoff, 2000). High endogenous AsA in plants is necessary to counteract oxidative stress in
addition to regulating other processes of plant metabolism. Endogenous AsA can be increased by
exogenous application of AsA through the rooting medium (Chen and Gallie, 2004), as a foliar spray
or as seed priming.
Studies showed that application methods affecting the efficiency of growth regulators. Unamba and
others (2009) added GA3 on okra by priming or spraying at low-lying (0-30 mg/l), and reported that
both methods were effective, but spraying was the most efficient way than priming in its effect. Akbari
and others (2008) added GA3 by priming , spraying or priming+ spraying at saline stress, they found
that priming+ spray was the best in mitigate salt damage and gave the best results.
Nevertheless, there have been no quantitative investigations of the effects of an additional supply of
GA3, salicylic acid and ascorbic acid on broad bean. The objectives of this study were to determine
how GA3, salicylic acid and ascorbic acid affect yield of broad bean under salt stress.
MATERIALS AND METHODS
Experiment was conducted in a private farm in the Al-Kefel area, Babylon governorate/Iraq during
2011-2012 growth season to study the effect of seven treatments: GA3 at 50 and 100 mg/l, Salicylic
Acid (SA) at 50 and 100 mM, Ascorbic Acid (AsA) at 50 and 100 mg/l in addition to water treatment
(as control), and its interactions with three application methods: priming, spraying, priming+ spraying,
on yield of broad bean plants under salt stress.
Soil was chosen at E.C. 7.5 dsm-1. Complete Randomized Block Design with three replications was
used. The seeds were priming for 24 hours according to treatments and seeded in 14/10/2011 in rows
75 cm width , the distance between hills along the row was 20 cm. Plot area was 6.75 m2( 3 rows with
4 meters long). Crop and soil service were conducted as recommended in the cultivation of broad
bean. Foliar application was carried out twice , the first was done after one month from emergence and
the second after one month later the first spray. Average of pods number/plant, seeds number per pods,
green pod yield(t/ha) at seed filling stage ( from one row of each experimental unit) , 100 dry seeds
weight and dry seed yield (t/ha) from the other two rows of each experimental unit , were determined.
Statistical analyses were performed with SPSS packet software and the values of least significant
differences (LSD0.05) were calculated to compare the means of different treatments.
RESULTD AND DISCUSSION
Table (1) shows that there is significant superiority for GA3 100 mg/l compared to control. It was
attributed to the increase in vegetative growth (Ali and Matar, 2013a,b). Salinity causes premature
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senescence which reduce the amount of assimilate that the pant can produce and a reduction in the
assimilate transported to the growing tissue may further limit growth (Munns, 2002) which produce
least pod number and weight. Addition of GA3 will increase the pod number and this was confirmed
with (Shah, 2007) in his study on mustard plant when sprayed with 10-5 mole of GA3 caused a
significant increase in dry weight , leaf area , chlorophyll content and the rate of photosynthesis which
led to an increase in pod number. (Alonso-Ramirez et al., 2009) reported that GA3 by repressing Della
proteins and changing the SA/JA balance are able to control plant responses to stress. SA had no
significant superiority to the rest of the transactions (except the GA3 100 mg/l) and this attributed to
minimize the falling and abortion flowers and keep flowers from drought and encourage pollination
flowers internally before blooming, (Amanullah et al, 2010). And also to its role in the inhibition of
ethylene, ABA and enzyme pectin methyl esterase which lead to encourage pod falling(Gupta, 2011).
The harmful effects of salinity will alleviate by SA treatment from the possibility of renew sink and
improve the rate of accumulation of dry mass in the development of developing productive
organs(Davies, 1995). SA contributes in increasing the efficiency and the use of water in addition to
protecting pigments and photosynthesis device (Hassanein, 2009). This results agreed with the finding
of (Azooz, 2009) on faba bean. The table showed that application methods and the interaction between
treatments had no significant effect on plant pod numbers.
Table (1): Effect of GA3, SA and AsA, and its interactions with application methods on pod numbers
in plant
B
water
A

GA3
50mg/l

GA3

SA

SA

AsA

100mg/l

0.5mM

1mM

100mg/l

AsA
Mean A
50mg/l

soaking

9.3

10.0

10.0

9.3

10. 7

9.3

9. 7

9.8

spraying

9.0

9. 7

10. 7

9.0

11.0

10.0

10.0

9.9

Soaking+
spraying

10.0

10. 7

11.0

10. 3

9.7

9.0

9. 7

10.5

9.4

10.1

10. 6

9. 6

10.4

9.4

9. 8

Mean B
LSD 0.05

LSD A= n.s

LSD B=1.179

LSD AB= n.s

Table (2) Showed that GA3 100mg/l and SA 1mM treatments were superior and significantly
increased average weight of green pod compared to control and the percentage of increases were (8.12
to 2.16%), respectively. It has been proposed that under salt stress conditions the thickness of the
assimilate conducting pathway is reduced (Aldesuquy and Ibrahim, 2001), and leaves start behaving as
sinks rather than sources (Arbona et al., 2005). This causes inhibition of assimilate movement towards
the developing reproductive organs, which might be the reason for the observed decrease in pod
number, seeds per pod, 1000-seed weight and seed yield per plant. On the other hand, these adverse
effects of high salinity were alleviated by the hormone treatment, primarily by rejuvenation of the sink
potential and enhancement of the duration or rate of dry mass accumulation in developing
reproductive organs (Davies, 1995). GA3 is known to have a secondary enhancement effect on protein
content through the intensification of nitrate reductase activity (Shah, 2004). Stimulation of the
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enzyme protein synthesis by GA3 stimulates the overall protein synthesis (Premabatidevi, 1998). It
indicate that the ability of GA3 to ameliorate all adverse effects of salt stress and rescue the pod weight
productivity. SA treatment increased the weight of green pod and it was due to increased in
chlorophyll content, modify the content of nutrients elements and reduce the toxic ions content in plant
leaves (Ali and Matar, 2013a,b). SA role in increasing the proportion of cytokines and increase the
proportion of cell divisions and the number of cells (Sanna et al., 2001). These results are consistent
with (Kumar et al., 2000) on soybean and (Zaghlool, 2002) on mung bean. On the other hand AsA had
no significant effect, but tended to increase average pod weight. The table showed that method of
applications and the interaction had no significant effect on the weight of green pod.
Table (2): Effect of GA3, SA and AsA, and its interactions with application methods on green pod
weight (gm)
B
water
A

GA3
50mg/l

GA3

SA

SA

AsA

100mg/l

0.5mM

1mM

100mg/l

AsA
50mg/l

Mean A

soaking

18.0

18.1

20.7

18.17

19.8

17.6

19.2

18.8

spraying

17.7

17.9

20.4

17.9

20.3

17.8

18.6

18. 7

Soaking+
spraying

18.1

19.8

21.3

19.9

20.5

18.8

18.7

19. 6

Mean B

17.9

18.6

20.8

18. 7

20.2

18.1

18.8

LSD0.05

LSD A=n.s

LSD B= 1.38

LSD AB= n.s.

Table (3) shows that GA3 at 50 and 100 mg/l and SA at 0.5 and 1 mM were superior significantly on
increasing weight of 100 seeds compared to control. The increases by GA3 due to its ability to
ameliorate all adverse effects of salt stress. Or as a result that GA3 stimulate to build nucleic acids
DNA and RNA, thereby increasing protein building and biological processes within the plant (AlAsadi, 2006). Under stress conditions beards, the leaves begin to behave like a sink rather than
asource. And that these reasons reduce the representation movement towards developing and
producing organs(Arbona et al., 2005), that are a major cause of the decline is noticeable in green pod
weight. This results was agreed with (Sarkar et al., 2002) who found that 100 seed weight increase in
soybean plants with adding GA3 100 mg/l. On the other hand, SA led to alleviate salinity damage
through the ability to link with amino acids and its role in increasing the production of nucleic acids
RNA, DNA in addition. AsA had no significant effect , but tended to mitigation of salt stress damage.
The table showed that methods of application and the interaction had no significant effect.
Table(4) showed that GA3 100 mg/l and SA 1mM caused a significant increase in green pods yield
compared to control, with an increase of 19.6 and 16.5% respectively. The increase due to help the
plant to ameliorate the slat stress conditions by improving vegetative growth, pigments content,
modify the content of nutrients elements and reduce leaves content of toxic ions and reduce oxidative
damage (Jasim and Matar, 2013a,b). it caused increases in photosynthetic potential of plant resulting in
more photosynthate production which in turn enhances the sink strength(Iqbal et al., 2011). On the
other hand SA alleviate the harmful effect of salt stress ( El-Khallal et al., 2009). This results agreed
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with (Turkyilmaz et al., 2005) on bean and (Jeyakumar et al., 2008) on mung bean. AsA had no
significant effect. AsA had no significant effect. The table showed that application methods and the
interaction had no significant effect on green pod yield.
Table (3): Effect of GA3, SA and AsA, and its interactions with application methods on 100 seeds
weight (gm)
B
water
A

GA3
50mg/l

GA3

SA

SA

AsA

AsA

100mg/l

0.5mM

1mM

100mg/l

Mean A
50mg/l

priming

119.9

124.8

129.6

126.5

132.1

124.0

124.9

126.0

spraying

122.3

127.7

130.0

127.1

131.6

121.8

124.1

126.4

priming+
spraying

120.0

132.1

129.3

131.4

133.1

125. 6

122.1

127.6

Mean B

120.7

128.2

129.6

128.3

132.2

123. 8

123.7

LSD0.05

LSD A= n.s

LSD B= 7.17

LSD AB= n.s

Table (4) : Effect of GA3, SA and AsA, and its interactions with application methods on green pod
yield (ton/ha)
B
water
A

GA3
50mg/l

GA3

SA

SA

AsA

AsA

100mg/l

0.5mM

1mM

100mg/l

Mean A
50mg/l

Soaking

10.072

10.901

12.404

10.133

11.831

9.798

11.103

10. 984

Spraying

9.701

10.373

11.971

9.973

12.034

10.601

11.132

10.826

Soaking+
spraying

10.803

12.030

12.304

11.630

11.832

10.074

10.733

11.344

Mean B

10.202

11.101

12.223

10.582

11.902

10.161

10.992

LSD0.05

LSD A= n.s.

LSD B= 1.133

LSD AB = n.s.

Table(5) showed that GA3 , SA at all concentrations caused a significant increase in dry seed yield
compared to control. GA3 100 mg/l was superior significantly compared to all treatment (except SA
1mM ). This increase was due to increases in chlorophyll and vegetative growth, and reduce leaf
content of the toxic ions and increasing leaf content of potassium and calcium (Jasim and Matar,
2013a,b). The photoassimilates produced under salt stress are used to support crucial processes such as
growth and osmotic adjustment. In general, salinity causes a reduction in sink enzyme activities,
leading to an increase in sucrose in source leaves, with a decrease in photosynthesis rate by feedback
inhibition (Poljakoff-Mayber and Lerner, 1994). Application of GA is found to induce extracellular
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invertase, which acts on sucrose to form hexose. The hexose formed is easily transported to the sink,
thereby increasing sink strength. The induction of extracellular invertase by both abiotic and biotic
stress stimuli supports the suggestion that extracellular invertase is not only a key modulator of
assimilate partitioning, but is also an important component of various stress responses. Similarly, GA
increases photosynthetic rate under stress and thus enhances the source potential (Iqbal et al., 2011).
These results were agreed with (EL-Shraiy and Hegazi, 2009) on peas and (Gherroucha et al., 2011)
on wheat. AsA had no significant effect, but it tend to increase. The table showed that methods of
application and the interaction had no significant effect.
Table (5): Effect of GA3, SA and AsA, and its interactions with application methods on dry seed
yield (ton/ha)
B
water
A

GA3
50mg/l

GA3

SA

SA

AsA

AsA

100mg/l

0.5mM

1mM

50mg/l

Mean A
100mg/l

Soaking

2.714

2.932

3.352

2.924

3.421

2.897

2.976

3.031

Spraying

2.573

2.808

3.481

2.804

3.210

2.873

2.797

2.935

Soaking+
spraying

2.554

3.314

3.514

3.273

3.199

2.889

2.996

3.106

Mean of B

2.614

3.018

3.449

3.000

3.273

2.886

2.926

LSD0.05

LSD A= n.s.

LSD B= 0.539

LSD AB = 0.313

CONCLUSION
We concluded that treatment with 100 mg GA3/l and 1MM SA led to mitigate the damage of salt
stress on bean yield, while ASA had no significant effect, but tend to minimize the damage of salt
stress. The application of methods and interactions between treatments had no significant effect. We
recommend conducting subsequent studies inflict by using higher concentrations and other crops.
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Abstract
Two greenhouse experiments were carried out at the Institute of Biological Production Systems,
Leibniz Universität Hannover, Germany during 2008/2009 and 2009/2010 growing seasons to study
the influence of the osmotic adjustment (OA) capacity, relative water content (RWC) and specific leaf
area (SLA) on tolerance to drought in 22 breeding lines, two parents and tolerant cultivar (Sahel 1) of
bread wheat (Triticum aestivam L.) under drought conditions. Differences were seen in of the OA,
RWC and SLA of the different genotypes. Four of the breeding lines showed the greatest osmotic
adjustment capacities, high RWC and good SLA values under drought stress conditions better than the
tolerant cultivar. The heritability of OA, RWC and SLA was 0.56, 0.49 and 0.88, respectively. The
results indicated that osmotic adjustment, as well as RWC and SLA could be used as screening tools
for drought resistant bread wheat genotypes in the greenhouse. This study also demonstrated the
appropriate greenhouse screening methodology in this regard.
Key words: Wheat; Drought; osmotic adjustment; heritability.
1. INTRODUCTION
Wheat (Triticum aestivum L.) is a staple food for more than 35% of the world population and it is also
the first grain crop in Egypt. Drought is the most important limiting factor for crop production and it is
becoming an increasingly severe problem in many regions of the world. In addition to the complexity
of drought itself (Passioura, 1996, 2007).
The objective in many breeding programs is to develop cultivars tolerant to drought stress but success
has been limited. Genetic improvement of stress tolerance in crop plants requires identification of
relevant physiological stress tolerance mechanisms as selection criteria (Mayer and Gozlan, 1982) and
testing to verify the value of such criteria for improvement of stress tolerance. Osmotic adjustment
(OA) is generally considered an important component of drought resistance (e.g. Ludlow and
Muchow, 1990). Osmotic adjustment (OA) strongly depends on the rate of plant water stress. OA
requires time, and fast reduction in plant water status does not allow time for adjustment. This is very
significant when genotypes are compared for their OA capacity. However, the importance of the time
and the rate of stress for the development of OA imply that OA may not be a very effective
mechanism of drought resistance under conditions where the development of drought is by nature very
rapid, such on very light tropical or sandy soils of very low water holding capacity (Blum, 1996).
Leaf relative water content (RWC) was abetter indicator of water status than was water potential
(Sinclair and Ludlow, 1985). Specific leaf area (SLA), an indictor of leaf thickness, has often been
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observed to be reduced under drought conditions (Marcelis et al., 1998). In the present work the
mechanisms involved in the response to drought were investigated in 22 wheat Lines with contrasting
drought tolerance capacities, in order to study the relationship between the physiological basis of
drought response and plant stress tolerance.
2. MATERIAL AND METHODS
The present investigation was carried out in the greenhouse during 2008/2009 and 2009/2010 at the
Institute of Biological Production Systems, Leibniz Universität Hannover, Germany. The breeding
materials used in this study consisted of all F5 families selected in F4 on the basis of high yield under
drought conditions, as well as parents and the tolerant cultivar (Sahel 1). The total number of
evaluated families was 22 families. The used genetic material:
Table 1
The pedigree and origin of the two parents and the tolerant cultivar (Sahel 1).

Laboratory procedures:
Two experiments were carried out during 2007/2008 and 2008/2009 seasons. Polyvinyl chloride
columns of 12.5 cm inner diameter were used and the length of the columns was 50 cm in the two
experiments. The substrate for growing the plants was homogenized loamy soil, which was dried in
the greenhouse for one month before starting the experiments. While filling the columns, soil samples
were taken to determine the initial soil water content. Soil water holding capacity (SWHC) was
measured by subtracting the weight of columns filled with dry soil and the weight of columns
saturated with water after allowing the exceeding water to drain until there was no change in the
weight.
The experiment was designed as RCBD with four replicates in north-south direction, and genotypes
were completely randomized within the plots. Two seeds were sown in the middle of every column.
After germination, one seedling was removed. Plants were kept well watered at 80% water holding
capacity (WHC), Columns were weighed and plants were topped up every third day to reach required
SWHC and the drought stress cycle was started four weeks after sowing and the duration of the stress
cycle was about 4 weeks. Fertilizer was applied to the optimum dosage and diseases and pests were
controlled using appropriate pesticides.
The following measurements were recorded: – Physiological traits.
1 - Relative leaf water content (%) (RWC): was measured at the beginning of the stress cycle and at
the end of stress cycle on leaf cuttings, a small part of leaf area of the main tiller and the first biggest
other tiller were cut and RWC was calculated using the following equation:
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RWC = (FW

DW)/(TW

DW) x 100

where FW and DW are fresh weight and dry weight of the leaf and TW is the turgor weight of the leaf
after submergence of leaf samples in distilled water for 24 h.
2 - Osmotic potential ( s): was measured at the beginning of the stress cycle and after the stress
cycle on leaf cuttings, a small part of leaf area of the main tiller and the first biggest other tiller were
cut and stored to measure osmotic potential by using the psych- rometric method and Wescor C-52
sample chambers (Wescor Inc., Logan, USA). s,cd was corrected for relative leaf water content.
Osmotic adjustment (Mpa), OA was estimated as follows:
OA =

s,cd x RWCcd

s,ww x RWCww

where s,cd and RWCcd are s and RWC under drought stress conditions, and
are s and RWC under well watered conditions.

s,ww and RWCww

3 - Specific leaf area (cm²g-1): was measured after the stress cycle for all leaves and it will be
calculated by:
The ratio of leaf area to leaf dry mass (cm²g-1).
Statistical procedures:
1- Analysis of variance for randomized complete block design was carried out according to
Snedecor and Cochran (1980).
2 – The genotypic variance 2 g = M2 – M1 / r
3 – The phenotypic variance 2 p = 2 g + 2 e
4 –The genotypic (G.C.V%) and phenotypic (P.C.V%) coefficients of variability were calculated as
g / x and p / x , respectively .
5 – Heritability in the broad sense (H) was estimated as the ratio of genotypic ( 2g) to the phenotypic
( 2g + 2e) variance according to Walker (1960).
Table 2
The analysis of variance and expected means of squares

6 - Mean comparisons were calculated by using revised L.S.D where, L.S.D = least significant
difference, and was calculated as:
R L S D = (t-) *

(2MSE / r) (El Rawi and Khalafalla 1980)

Where t- is the t value from "minimum-average-risk t-table" at F-value of treatments, treatment df
and experimental error df.
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3. RESULTS AND DISCUSSION
The analysis of variance (Table 3) revealed highly significant differences among the families selected
of population I on independent culling levels basis in all physiological traits, i.e., relative leaf water
content under well-watered (RWCww) and relative water content under drought stress conditions
(RWCcd), specific leaf area under drought stress (SLAcd) and osmotic adjustment (OA) in the two
years.
Table 3
Analysis of variance

The combined analysis over two years (Table 4) revealed highly significant differences among
families and years for the above mentioned traits in the two populations. While, families x years
interaction were highly significant for SLAcd and OA and non significant for RWCww and RWCcd in
the two populations.
Table 4
The combined analysis of variance over the two years

The range and the mean values of the four studied traits within and across the two years are presented
in Table (5). The results showed that average of RWCww was 88.23% with a range from 84.35 to
91.99% in the first season and in the second season, the average was 85.82% with a range from 82.56
to 89.10%. However, mean across years of RWCww was 87.03% with a range from 83.46 to 90.54%.
Moreover, the results showed that six families, i.e., no. 6, 22, 33, 38, 43 and 45 and two families, i.e.,
no. 33 and 38 significantly exceeded the best parent in the first and the second seasons, respectively.
While, ten families, i.e., no. 6, 13, 22, 23, 25, 33, 36, 38, 43 and 45 and six families, i.e., no. 6, 22,
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33, 36, 38 and 45 were significantly higher than the check in the first and the second seasons,
respectively.
Table 5
The range and the mean values for the physiological traits within and across years.

The average RWCcd (Table 5) was 84.04% with a range from 80.41 to 87.30% and from 79.17 to
86.35% with an average 82.51% in the first and second season, respectively. Mean over all for
RWCcd was 83.28% with a range from 80.33 to 86.83%. Three families (no. 22, 33 and 36) and two
families (no. 22 and 33) were significantly higher than the best parent in the first and the second
seasons, respectively. Meanwhile, three families (no. 22, 33 and 36) and four families (no. 22, 25, 33
and 36) surpassed the check (Sahel 1) in the first and the second seasons, respectively (Table 6). These
results are in agreement with those obtained by, Tahara et al. (1990), Morgan (1995), Siddique et al.
(2000) and Suprunova et al. (2004). González et al. (2008) cleared that the range of leaf relative water
content varied from 50.03 for ND66 to 72.02% for L31under terminal water-stress condition.
Mean SLAcd (Table 5) was 125.77 m2kg-1with a range from 81.33 to 165.32 m2kg-1 and from 85.15
to 144.58 m2kg-1 with an average 107.36 in the first and second seasons, respectively. However,
mean across years of SLAcd was 116.56 m2kg-1 with a range from 86.51 to 154.95 m2kg-1. Twelve
families, i.e., no. 6, 19, 22, 23, 24, 25, 26, 28, 33, 38, 45 and 46 in the two years were significantly
higher than the best parent. While, twelve families, i.e., no. 6, 19, 22, 23, 24, 25, 26, 28, 33, 38, 45 and
46 in the first season and all selected families except (no. 13, 37, 39 and 43) in the second season
surpassed the check (Table 7).
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Table 6
The average of relative leaf water content under normal (RWCww) and drought (RWCcd) conditions
across the two years.

The average of osmotic adjustment (OA) was –0.56 Mpa with a range from –0.36 to –0.79 Mpa and
from –0.23 to –0.68 Mpa with an average –0.47 Mpa in the first and second seasons, respectively.
Moreover, mean over all was –0.51 Mpa with a range from –0.37 to –0.68 Mpa (Table 5). Moreover,
five families (no. 22, 25, 26, 33 and 48) and three families (no. 22, 33 and 38) significantly exceeded
the best parent in the first and the second seasons, respectively. While, five families, i.e., no. 22, 25,
26, 33 and 48 and four families, i.e., no. 19, 22, 33 and 38 surpassed the best parent in the first and the
second seasons, respectively (Table 7). The wide range of variability among genotypes also indicates
the suitability of OA as selection tool for breeders under water deficit environments. These results
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were in agreement with these obtained by Morgan (1977b, 1995, 1999), Morgan et al. (1986), Blum et
al. (1999) and Moinuddin et al. (2005). Also, Martin et al. (2009) Also, Ref. [10] showed that Tullio,
the drought susceptible Italian genotype, had an osmotic adjustment of –0.63 MPa, four times greater
than in Pandas, though this drought resistant cultivar showed a similar content in osmotically active
substances.
Table7
The average of specific leaf area under drought conditions (SLAcd) and osmotic adjustment (OA)
across the two years.

The phenotypic (P.C.V.%) and genotypic (G.C.V.%) coefficients of variation and heritability (h2)
estimates for all studied traits in the first (2007) and the second (2008) seasons are presented in Table
(8). The results showed that the phenotypic and genotypic coefficient of variation were (2.68 and
1.83 %) and (2.52 and 1.37 %) for RWCww, (2.82 and 1.98 %) and (2.87 and 2.00 %) for RWCcd,
(17.79 and 17.13 %) and (16.62 and 15.19 %) for SLAcd and (25.26 and 19.62 %) and (27.20 and
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19.85 %) for OA in the first and second seasons, respectively.
Table 8
Phenotypic coefficient of variation (PCV%), genotypic coefficient of variation (GCV%) and broad
sense heritabilities (h2) for all studied traits.

The broad sense heritabilities (Table 8) were (46.68 and 29.39%) for RWCww, (49.58 and 48.39 %)
for RWCcd, (92.72 and 83.52 %) for SLAcd and (58.62 and 53.25 %) for OA in the first and second
seasons, respectively. The high heritability estimates obtained for both SLAcd and OA provide
evidence for the effectiveness of selection for both characters in improving drought tolerance. These
results are in accordance with those obtained by Tahara et al. (1990), Dhanda and Sethi (1996), Slafer
and Araus (1998), Golparvar (2003) and Golparvar et al. (2006).
Our results were derived from test conditions that ascribe an advantage to OA capacity. They lend full
support to results presented by Morgan, (1977, 1995, 1999) showing that wheat lines can differ
consistently for OA. It is therefore concluded that OA can be an important component of drought
resistance in wheat within a relevant environmental context.
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EFFECT OF SEED GENERATION AND TYPE OF ORGANIC MANURE SOLUTION
ON GROWTH AND YIELD OF HYBRID EGGPLANT
Hamza M. Kadhum, M. N. Shaial, N. J. Radhi
Al-Musiab Technical College, Foundation of Technical Education, Iraq

Abstract
The experiment was conducted during the growing season of 2008-2009 at Kufa district in Najaf
Governorate to investigate the response of Barcelona eggplant hybrid to seed generation (F1, F2 )
and 6 treatments of organic manure by mixing with water 1:10 v/v (i.e. poultry, Cow , Sheep, and
broad bean manure). The above organic solutions were applied with rate of 3L/m² for 4 times in 60
days interval, while Chinese Humi Max manure was mixed with water by 1:200 v/v and applied with
rate of 100 cm³/m² at the same intervals. The F1-seed generation gave the highest growth rates and
fruit yield as compared with F2-generation. Also, the obtained results showed that the application of
poultry and sheep manure solution increased significantly the growth and fruit yield as compared with
other treatments. The favorable effects on growth and fruit parameters were obtained when growing
eggplant by F1-generation and application of poultry or sheep solution.
Key words: seed generation; manure solution; olanum melongena; eggplant; growth; yield
INTRODUCTION
Eggplant ( Solanum melongena L.) is a member of solaneceae family . It is one of the most important
and popular oriental vegetable crops grow in Iraq for local consumption. The fruits are excellent
source of roughage, carbohydrates, protein, vitamins A, B, C, potassium, iron and besides that medical
benefits for patients of diabetes , asthma , gout and cholesterol ( Matloub et. al.1989; Daunay
et.al.2000 ).
Plant Production depends on many factors, the most important factor is variety and plant nutrition
with compositing organic manure which is not available in high quantities in most countries.
Therefore, the organic manure should be provided through liquid solution in order to economized and
utilized in the proper mean.
The choosing of eggplant hybrids based on some factors, which enable to ensure high yield fruit
quality besides the endurance of environmental variation and tolerance of pesticides. Generally F1hybrids distinguished by hybrid vigor phenomenon, the studies are demonstrated that the genetic
segregation does not happen in F1-individual plants, if the using parents are pure, while the selfpollination between first generation caused to produce second generation.
It is worth mentioning; that hybrid seed prices mostly are high due to the cost of pure line and the
technical process of production. So, many companies are working to produce F2-seed generation
(Riggs 88; Ingale and Patil 1997; Daunay 2007). Numerous studies indicate that organic manure
provides the plant with most nutrient elements and the element deficiency rarely happened when
applied. In addition it will improve the physical, chemical, and biological properties of soil, which will
be inversed the availability of soil nutrient elements especially with alkaline reaction such as Iraqi
soils (Tisdale et.al.1993; Seen and Kingman 1998; Eghball 2002). Increasing plant growth and yield
due to liquid manure application have been reported by many workers on different crops (Kadhum
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et.al. 1987; Al-Moshileh and Motawei 2007) on eggplant, (Kadhum et. al. 1989; Burgrs and Levins
2007) on pepper, (Bohme and Thilua 1997) on tomato. Humic and folvic acids application might
successfully be used in low concentration to improve soil characteristics, plant nutrition. The growth
and yield of pepper and tomato had been increased by fertilization of humic acid (Ertam Yildirim
2007;Yasar. Karakurt 2009).
The main objective of this study is to evaluate the performance of two seed generation (F1, F2) of
Barcelona eggplant hybrid and the effect of 6 treatments of composting manure solution on the growth
and fruit yield.
MATERIALS AND METHODS
The study was conducted in 2008-2009 at private field Kufa district of Najaf Governorate, air
composting method had been used to prepare the poultry, cow, sheep, and broad bean manure which
should be dried and ground. The manure were compacted on layer in trough with dimension (2 * 2 *
1.5 m), urea fertilizer was added by rate 1% of manure weight to activate the decaying processes. The
heap should turnover two times per week to prevent temperature increasing. The decaying of animal
manure had done after 3 months, while the broad bean manure decayed after 6 months. The color of
manure became brown without ammonia odor (Hayes and Clap 2001). The table (1) shows some
chemical characters of different organic manure before and after composting according to (A.O.A.C.
1975).
Table (1) some chemical properties of different organic manure before and after composting.
Chemical characters
Organic
manure

Ec.of 5:1
dS.m

1

Carbon
pH

g.kg

1

Nitrogen
g.kg

1

K2O

C/N ratio

P2O5
g.kg 1

g.kg 1

before composting

Poultry

9.27

8.14

275

29.5

11.5

12.2

9.3

Cow

7.24

7.36

317

19.4

16.7

7.5

15.3

Sheep

10.67

7.12

345

16.7

21.5

9.3

18.6
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Broad bean

8.50

9.32

355

11.8

36.5

6.5

10.1

After composting

Poultry

1.65

6.28

255

30.9

9.5

14.2

23.4

Cow

1.71

6.53

300

28.0

10.7

8.7

21.4

Sheep

1.45

6.80

330

27.3

12.2

10.3

27.1

Broad bean

2.26

7.22

350

16.5

21.4

7.9

17.5

The experiment was arranged in split plot design with three replicates, where eggplant seed
germination (F1 , F2) were arranged randomly within the main 2 plots, while organic manure
treatments distributed in 6 sub-plots as control, cow, sheep, poultry , Humi Max-china origin and
broad bean, which represented with symbol (S0, S1, S2, S3, S4, and S5) respectively. The F1-seed
generation was imported from semillas company-Spain, while F2- generation produced locally in Kufa
district.
The different manure solution was prepared by mixing with water at ratio (1:10) v/v (IFOAM 2000).
The solution was applied with rate of (3 L/m²) for 4 times in 60 days interval by adding the solution in
the bottom of ridge. The first discharge was added in 50% of plant flowering stage. The Humic Max
liquid solution was mixed with water by (1:200 v/v) and applied with rate of (100 cm³/m²) according
to the above method.
Eggplant hybrid seeds of Barcelona were sown on 25 July in 209 cell foam trays filled with mixture
consisted of 1:2 of sandy soil and peat moss, seedling were planted 40 cm apart on both sides of flat
board 160 cm width. Each experimental plot included 40 plants with net area of (12.4 m²). All
agricultural practices were carried out accordingly.
Five plant were chosen randomly from each sub plot at 160 day after transplanting to record the
growth rate , while the fruit yield obtained by harvesting from 24.11.2008 until 3.6.2009. The first 5
harvest considered as early yield. The obtained data were statistically analyzed and means separation
were done using Duncan multiple test at 0.05 level according to SAS program (SAS 2000).
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RESULTS AND DISCUSION
Vegetative growth characters
The growth rates of plants were significantly greater at F1- generation than F2 (table 2). The
increasing percentage for leaves number, branches number, leaves area, dry weight of leaves and stem
and total chlorophyll content were 10.89, 4.59, 57.49, 29.52, 22.88, and 9.55% respectively at F1generation than F2. This is due to the homogeneity of F1-plants in growth according to genetic
constitution and existence of hybrid vigor phenomenon. The obtained results are in agreement with
those of (Madal and Dama 1993), where reported that F1 growth of eggplant was significantly greater
than F2 of the same hybrid.
The results also show that the growth rates of the plants increased significantly with application of
organic manure solution. The highest value of growth were obtained at poultry solution (S3) followed
by sheep solution (S2), while the lowest values were recorded by the control plants (S0). These results
may be due to the role of organic manure in improving the chemical, physical, and biological
characters of soil (Tisdale et. al. 1993). In addition to decaying processes of different manure before
they are applied may be contributed to availability of nutrient element such as NPK (table1), that are
needed for optimal plant growth and development (Eghball 2002).
Regarding to the interaction effect, there were significant differences in all growth parameters, it could
be stated that the highest growth rates were recorded by (F1S3) followed with (F1S2) treatment.
Table (2) Effect of seed generation, different manure solution and their interaction on
vegetative character of eggplant.
Dry weight
characters

Leaf No.

Branch No.

Total
chlorophyll

Leaf area
Leaves

Treatments

Stems

Effect of seed generation

F1

65.21 a

6.11 a

4505.04 a

76.92 a

86.43 a

17.29 a

F2

58.81 b

5.48 b

2860.38 b

61.71 b

70.33 b

15.78 b

60.42 f

12.10 d

Effect of manure solution
S0

50.65 e
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4.41 e

2363.88 e

56.18 e
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S1

64.26 c

6.08 c

3790.28 c

70.55 c

78.07 d

17.24 b

S2

66.78 b

6.71 ab

4502.75 b

74.83 b

84.89 b

17.87 a

S3

68.91 a

6.97 a

5105.51 a

82.49 a

92.12 a

18.86 a

S4

65.35 c

6.51 b

3547.30 c

71.72 c

82.73 c

17.68 a

S5

56.11 d

5.19 d

2786.65 d

60.13 d

72.06 e

15.96 c

Effect of the interaction

F1

F2

S0

55.20 f

4.49 e

2960.80 f

59.53 g

67.46 h

12.58 f

S1

66.66 b

6.07 c

4755.56 c

78.29 c

86.88 c

18.25 b

S2

69.56 a

6.95 ab

5357.03 b

84.96 b

92.58 b

18.51 b

S3

71.60 a

7.26 a

6060.13 a

94.33 a

101.62 a

19.79 a

S4

67.93 b

6.76 b

4416.46 c

79.27 c

91.44 b

18.27 b

S5

60.33 e

5.31 d

3480.26 e

65.17 e

78.60 e

16.32 c

S0

46.10 g

4.33 e

1766.96 i

52.83 i

53.38 j

11.63 g

S1

61.86 d

6.08 c

2825.00 f

62.81 f

69.27 g

16.24 d

S2

64.00 c

6.48 bc

3648.46 e

64.69 e

77.20 e

17.22 c

S3

66.23 b

6.69 b

4150.90 d

70.65 d

82.62 d

17.46 c

S4

62.76 c

6.26 bc

2677.93 g

64.18 e

74.01 f

17.10 c

S5

51.90 f

5.07 d

2093.03 h

55.09 h

65.52 i

15.60 e

Fruit yield and quality
Data presented in table (3) demonstrated that there were significant differences in yield and fruit
quality between the plant of F1 and F2. The increasing percentage of fruit dry matter, fruit
number/plant, fruit weight, early yield, and total yield were 10.81, 8.54, 18.59, 22.53, and 28.99%
respectively at F1 generation than F2. The obtained results might be due to genetic constitution of F1generation and existence of hybrid vigor phenomenon expressed with homogeneity of plant growth.
These results were in accordance with those mentioned by (Daskalov et. al. 1974) concerning the
eggplant of F1-generation.
All treatments of organic manure solution had a significant effect on fruit yield parameters except S4
and S5 treatments regarding the early yield. The highest rates of these characters was recorded by
poultry solution (S3) followed with sheep (S2). These results might be due to the distinguish percent
of NPK in poultry and sheep manure as compared with other manure , in addition to humic acids,
organic matter and hormones, that have important role on growth physiological processes. These
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effects were expressed on yield and fruit quality. The obtained results were in agreement with
(Kadhum et. al. 1989; Al-Moshileh and Motawei 2007; Burgis and Levins 2007).
Table (3) Effect of seed generation, different manure solution and their interaction on
yield and fruit quality of eggplant.
characters

Dry matter%

Fruit
No./plant

Fruit
weight(g)

Early yield
kg/m²

Total yield
kg/m²

Effect of seed generation

Treatments
F1

10.81 a

33.28 a

174.99 a

4.73 a

18.24 a

F2

9.18 b

30.66 b

147.55 b

3.86 b

14.14 b

Effect of manure solution
S0

8.18 d

29.81 e

151.46 e

4.26 b

14.11 e

S1

9.99 cd

30.94 d

160.52 c

4.17 c

15.55 c

S2

10.60 b

33.09 b

167.19 b

4.51 a

17.30 b

S3

12.06 a

35.86 a

173.86 a

4.57 a

19.61 a

S4

10.08 c

31.65 c

160.33 c

4.28 b

15.86 c

S5

9.04 d

30.48 d

154.25 d

3.98 d

14.71 d

Effect of the interaction

F1

F2

262

S0

8.64 g

30.73 d

163.04 f

4.14 f

15.63 f

S1

10.75 c

32.25 c

172.97 d

4.66 d

17.40 c

S2

11.56 b

33.99 b

181.30 b

5.00 b

19.23 b

S3

13.59 a

38.73 a

191.90 a

5.40 a

23.18 a

S4

10.83 c

32.29 c

174.36 c

4.81 c

17.56 c

S5

9.47 f

31.70 d

166.38 e

4.37 e

16.45 d

S0

7.71 h

28.89 f

139.88 k

4.37 e

12.60 k

S1

9.23 f

29.64 e

149.07 i

3.69 gh

13.69 i
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S2

9.64 c

32.18 c

153.09 h

4.01 f

15.37 g

S3

10.54 d

33.00 bc

155.82 g

3.75 g

16.04 e

S4

9.33 f

31.01 d

146.30 j

3.75 g

14.15 h

S5

8.62 g

29.26 e

142.13 j

3.58 h

12.97 j

Significant interaction effect was observed on all fruit parameters, and it could be mentioned that the
plant of F1 generation and application of poultry manure recovered the highest values of fruit dry
matter, fruit number/plant, fruit weight, early and total yield, where the values was 13.59%, 38.73
fruit, 191.90, 5.40 kg/m², and 23.18 kg/m² respectively followed with F1S2.
CONCULUSION
It could be concluded that F2 seed generation can be successfully used in case of the unavailability to
provide with F1-generation, besides the application of poultry or sheep manure solution to obtain the
highest vegetative growth parameter and fruit yield.
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Abstract
Van province has a rich diversity of natural landscape and wetlands due to the combination of natural
features such as inactive volcanic mountains, dynamic topography, rich hydrological system and
harsh climate. This paper discusses the importance and the need for the integration of natural
landscape dimension on the wetland ecosystems case to the regional and local scale plans on the
example of Van Province. In this context, natural landscape components with a focus on wetlands and
ongoing wetland management efforts in Van, and current development plans and strategies for the
province and the region were analysed. Results indicate that natural landscape in general terms and
wetlands in particular are neglected themes in the development plans and strategies for the region,
and in the reflections to the local scale plans and practices. It is suggested that an integrated
framework for development goals in different sectors, landscape protection and wetland management
would be more functional in terms of ecologically sustainable development and quality of life in Van.
Key words: landscape protection, wetlands, Van (Turkey), regional development plans, developing
regions
1.

INTRODUCTION

Wetland landscapes deliver a wide range of critical and important services such as provisioning,
regulating, supporting and cultural which are vital for human well-being. Maintaining the natural
functioning of wetland landscapes will enable them to continue to deliver these services and to
function as one of the key life supporting system of Earth (Durigon et al. 2012; Ramsar Convention
Secretariat 2010). The degradation and loss of wetlands is more rapid than that for other ecosystems
on the Earth. Losses tend to be more rapid where populations are increasing most, where demands for
increased economic development are greatest (Ramsar Convention Secretariat 2010) and where
wetlands perceived almost useless. The projected continued loss and degradation of wetlands will
result in further reduction in human well-being, especially for poorer people in less developed
countries and regions where technological solutions are not as readily available, environmental
awareness among public is very low and rapid economic development is the leading priority for
public. In this framework, policy intervention failures that are due to the lack of consistency among
government policies in economics, environment, natural resource management, physical planning
(Turner et al. 2000) are some of the most important reasons of threats to ecological sustainability of
wetland landscapes. Lack of consistency among policies is related with the different priorities of the
development strategies as well as with the lack of awareness on various benefits of wetland landscapes
to society in different levels and contexts. Planners and decision-makers at many levels are frequently
not fully aware of and not consider the connections among wetland condition and the provision of
wetland services and, landscape planning and spatial planning and, the consequent bene ts for people.
This lack of understanding and recognition leads to ill-informed, short- termed and narrow-scoped
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decisions on regional and local development, which contribute to the rapid loss, conversion and
degradation of wetland landscapes and their natural and cultural functions (De Groot et al. 2006).
In Turkey, there is a range of mechanisms including statutory designations, national planning policies
and international conventions for the protection of natural and cultural components of landscapes and
wetland ecosystems. For wetlands in particular, government planning regulations provide strong
measures to help support the management and protection of these ecosystems. Some of the measures
are; Ramsar Convention, national wetlands regulation related with Ramsar Convention and, local and
national wetland commissions. Furthermore, ELC and attempts for the implementation of ELC are
also promising means for the protection of wetland landscapes in Turkey. However, these mechanisms
and measures are rarely and adequately included into the regional and local planning processes during
the preparation and formulation of development plans and strategies in the country. As a result, despite
various attempts in international and national levels for protection and sustainability of wetland
landscapes, these landscapes are under threat of current human activities as well as regional and local
development plans which gives priority to economic development. This is the case especially in the
less developed regions of Turkey such as eastern and south-eastern Anatolia.
The paper attempts to display the current status of wetlands in Van Province, to display the attached
roles to wetlands in the local development plans and strategies and to discuss the landscape protection
process with a focus on wetlands in the Province on the case of Van Basin Development Plan (20102013).
2. NATURAL AND CULTURAL FEATURES OF RESEARCH AREA
2.1 The geographical position
The research area Van Province is located on the Closed Basin of Lake Van, Upper Murat-Van
Section and lies between longitudes 42º 40’ and 44º 30’ E and latitudes 37º 43’and 39º 26’ N (Figure
1). There are high mountains in the north and south and high plateaus in the East of the area. The west
of the province is covered by Lake Van. The land area of Van is 19,069 km2, while the whole area is
21,823 km2 including Lake Van. Accordingly, Van comprises %2.5 of the total area of Turkey (Van,
2010). The province which is surrounded by volcanic mountains has an average altitude of
approximately 2000 m. The mountains surrounding the largest part of the province constitute about the
%53.4 of its area. As the second great land form, the plateaus comprise the %32.9 of the area after the
mountains. The plains among the mountainous volcanic formations and fluvial environments comprise
the %13.7 of the total area of the province (Alaeddino lu 2006).
On the shores of Lake Van, alluvium drifted by the rivers has filled the plains which have lower
altitudes compared to environs (Yurt Ansiklopedisi 1985). There has been no formation of broad
rivers as a result of an increasing steep slope from north to south in the topography of the west, the
north-west and the south sides of Lake Van and the current rivers are short. While almost all of the
rivers running constantly and temporarily during the year are discharging their water to Lake Van,
Memedik Stream empties into Lake Erçek (Yurt Ansiklopedisi 1985). The main flora is steppe notably
in the east side and in the west and north sides of Lake Van and in the province (Gürbüz 1994).
2.2 The socio-cultural and economic characteristics
Van had contained many cultures in the past due to its geographical position. Thus, as for natural
landscape, it has many historic and cultural landscape features which are rich and various in content
(Güler et al. 2011).
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%66 of the total land size of Van consists of meadows and ranges. The short periods of vegetation in
Van raise the importance of an agricultural economy rather than an industrial one and put forward
livestock farming in other agricultural activities because of wide meadow-range fields and high forage
crop plantations. Therefore the province has the characteristics of a typical agricultural zone with
regard to vegetable and animal production value (Güler et al. 2011).

Figure 1. Geographic location of the research area
According to 2001 data of TUIK, Van is ranked as the 72th of 81 provinces in per capita GDP (Gross
Domestic Product). The rate of unemployment is above the country’s average with %15.6 to %14
according to TUIK data of 2009. Van is ranked as the 77th of 81 provinces in terms of the level of
education and the resources of educational opportunities (Güler et al. 2011).
Van is ranked 75th among 81 provinces in terms of the development level based on the analyses of
2003. In this respect, the province is in the fifth degree developed provinces status according to the
development index and there is a big gap between the country average and the province’s level with
regard to development and competitiveness (Güler et al. 2011).
2.3 Lake Van and its surrounding wetlands
Lake Van, which is the largest wetland in Turkey, is in the boundaries of the province of Van. Being
the largest lake of Turkey with an area of 371,300 hectare square, Lake Van is like an inland sea in the
middle of the high mountains surrounding it. Lake Van and its surroundings are quite rich in wetlands,
especially where rivers empty into the Lake. The primary rivers which feed the Lake are Karasu, Ke
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Stream and Ho ap Stream in the west, Bendimahi Brook in the north-east and Zilan Stream and
Deliçay Stream in the North. But, there are also many small rivers pouring into the Lake in the south,
the west and partially in the northern sides of the Lake. There are not significant reeds and delta areas
especially in the western and southern sides of the Lake because in these areas rivers and streams are
short and don’t carry enough water and material. But most of the rivers in the east, the northeast and
partially in the north are leaving much of their material at the entry of the Lake and make reeds in
shallow plains and small deltas. In these reeds nest many species of water fowl. While the greater part
of these water fowl species are composed of migrant birds, another part is “Mid-winter Water Fowls”.
Of 28 species, 6433 water fowls and 1641 Lake Van gulls have been counted in the Lake which does
not freeze in the winter and therefore is of rich bird diversity. Accordingly, Lake Van is considered as
the most important breeding area in Turkey. The Lake Van Basin is rather close to the northeast-south
migration route, which is one of the three most important routes in the West Palaearctic. The number
of bird species is reported as 213 in the Lake Van Basin according to the observations and researches
to date but it is expected that the number may exceed 300 with the growing ornithological researches
(Ad zel 1998; Durmu 2008). Of these species, 77 are natives (%37,8), 18 are winter visitors, 89
(%43,2) are migrants and 20 (%6.1) are transit migrants. 14 of the observed species are in critically
endangered, 33 are in endangered, 50 are in vulnerable, 21 are in declining, 18 are in near threatened
and 25 are in least concern categories. Besides there are 13 species which are globally endangered
(Durmu et al. 2011). Consequently, some of the main areas with high potential in terms of wetland
ecosystems around Lake Van and in the borders of Van Province are: Bendimahi Delta, Çelebiba
Reedbeds, Dönemeç Delta, Erçek Lake, Edremit Reedbeds (Figure 2).

Figure 2. Natural lakes, wetlands and reedbeds in Van Province
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Edremit Reed Beds: Is located in Edremit bay in the southeast of Lake Van. It is a shallow area with
small lagoons, covered with reedbeds and is separated from the Van Lake by strands of sand next to
Van Airlines. It is likely to see many species of water fowl in the reeds and a substantial amount of
these birds breed in these reed beds (Y ld m 1999). Many birds and water fowls visit the area in
migration seasons in flocks. There are many marsh areas covered densely with small plants and reeds.
Many birds choose this area because of its shallow water, its conditions of sunlight, wind and food (Z
Karakoç 2013, pers.comm., 6 February). There is less number of species and amount of birds than the
other wetlands in the basin as a result of the close location to Airport and settlements and, the noise of
the surrounding recreational activities. Almost all of its surrounding reed areas are destructed (Z
Karakoç 2013, pers.comm., 6 February).
Dönemeç Delta: It is located on the southeast shores of the Van Lake in the boundaries of Çiçekli
Town, Edremit, Van. The Van- Geva highway divides the delta into two. The delta is covered with
reeds, dunes and mud flats. Fruit growing, agriculture and livestock farming are activities on the
meadows and agricultural fields. The zone has become an ideal place for many species of fish, birds
and water fowls due to its good conditions for feeding, nesting and breeding. Thus, many birds and
water fowl visit the area in coveys during migration periods. Many birds and waterfowl breed and stay
in the area. Marmaronetta angustirostris (VU), Aythya nyroca (VU), Phalacrocorax aritotelis, Larus
michahellis (NT) are some of them. The delta and its surrounding is an important breeding area for
globally endangered Oxyura leucocephala (EN). Recent researches showed that Caspian tern (Sterna
caspia) breeds in the area (Ad zel and Durmu 2007; Z Karakoç 2013, pers.comm., 6 February).
Dönemeç Delta is also an important river mouth for pearl mullet (Chalcalburnus tarichi) living in
Lake Van for breeding. It is also detected that fresh water fish species Capoeta kosswigi live here. The
area is also important for carp (Cyprinus carpio) (Z Karakoç 2013, pers.comm., 6 February).
Çelebiba Reedbeds: It is a reed and mud area covering approximately 990 ha on the coast where
Il ca Stream empties into Lake Van on the southwest of Erci district. The area hosts many waterfowl
species. It is an important breeding and nesting area for many bird species, especially seagull species.
Among the others Tadorna ferruginea (LC), Marmaronetta angustirostris are the IBA trigger species
recorded in the area (Birdlife International 2013a). Aythya nyroca, Grus grus (VU) ve Himantopus
himantopus (VU) are among the main bird species breeding in the area. 1.500 flamingos
(Phoenicopterus ruber (D)) stay here for two months during their migration period. Cygnus cygnus
and goose coveys give satisfying views for bird watchers (Z Karakoç 2013, pers.comm., 6 February).
The area is also among important home ranges for pearl mullet (TC Orman ve Su leri Bakanl
2013).
There are agricultural and settlement areas in the close vicinity and thus the area is exposed to
negative impacts of the human activities (Z Karakoç 2013, pers.comm., 6 February).
Bendimahi Delta: The 370 ha delta is formed on the northeast of Lake Van due to decreasing slope
where Bendimahi Creek reaches to the lake. There are meadows and reeds on both sides of the creek
flowing through the delta. On the mouth of the delta, where the creek connects to Lake Van, there are
mud islands and reeds. Some part of Van-Erci Highway passes through the area (Y ld m 1999).
Bendimahi reed is a home range for many birds. Endangered species Marmaronetta angustirostris,
Aythya nyroca and Oxyura leucocephala breed and feed here. Phalacrocorax pygmeus, Sterna
albifrons (D) and Gelochelidon nilotica (NT) also leave here. High numbers of Larus michahellis,
Sterna caspia, Pelecanus onocrotalus and Grus grus feed in Bendimahi Delta and reeds in the summer
months (Z Karakoç 2013, pers.comm., 6 February).
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Erçek Lake: It is an alkali lake formed in a tectonic subsidence area blocked by lava flow on the
north-west on 20 km east of Lake Van. Erçek Lake is an inland wetland; with the standing fresh water
and water fringe vegetation features (Birdlife International 2013b).
The deepest part is 30 metres and there is no outflow. It covers 20,380 ha and has an altitude of 1890
metres. Northern and western coasts are surrounded by escarpments, southern and eastern coasts by
shallow coasts and wide mud plains. There is a small delta with some reeds and wet meadows in the
location where Memedik River enters the lake on the east. Moreover, there is a small peat bed adjacent
to the southeast end of the lake. There are agricultural areas and steps around the area (Z Karakoç
2013, pers.comm., 6 February).
South and the east of the lake are rich in terms of bird species. Reeds and marsh are located mostly in
these areas. According to the results of ornithological observations in 1996, 180 bird species were
detected in the reeds. Most of the bird species breed in this reed bed. Breeding species are: Podiceps
nigricollis (NT), Tachybaptus ruficollis (D), Egretta garzetta (D), Himantopus himantopus, Tringa
ochropus (EN), Burhinus oedicnemus (EN), Recurvirostra avosetta (NT), Charadrius leschenaultia
(EN), Podiceps grisegenea (VU), Oxyura leucocephala (EN), Charadrius alexandrinus, Tringa
totanus (NT) and Acrocephalus agricola, Podiceps nigricollis (NT) and Tadorna ferruginea (NT) are
observed in significant numbers in the lake. Owners of the area are flamingos. 1,000 flamingos, which
are envisaged to breed on Urumiye Lake in Iran spend summer and autumn on Erçek Lake (Y ld m
1999).
Animal husbandry is carried out on the marshes and pastures around the lake. Tourism and bird
watching activities have started to increase recently. Lake shore is also used for picnic and side seeing
purposes (Z Karakoç 2013, pers.comm., 6 February).
Other than these wetlands, there are some small size wetlands on riversides in the research area and at
the points where these rivers reach to Lake Van, such as Akdamar Reedbed and Horkum Reedbed.
Other than reed beds and marshes, there are many small size lakes in the area. Main small lakes are
Çenge Lake on 3 km west of Erçek Lake, Turna Lake, Ak Göl on the south of Ozalp district, Sor Lake
on the south of Saray District, Kaz Lake on the east and Cengen Lake, 20 km south of Saray district,
Sultan Lake on the east of Muradiye plateau, H rmente Lake on the west of Çald ran district, Kaz
Lake on the north of Çald ran, where Tendürek Mountain meets the plateau, and a couple of small
lakes close to Iran border (Y ld m 1999).
Main information obtained in the research on some wetlands in the Province is presented in Table 1.
Wetlands with no available data are not given in the table.
2.4 Main problems and threats on the wetlands in the research area
Wetlands in Van Province are affected from the human activities carried out in the vicinity directly
and indirectly both in the short run and the long run. Main problems and threats affecting ecological
sustainability of the wetlands in the research area are as follows;
Lack of updated and accessible data base for each of the wetlands located in the Province and near
surrounding,
Insufficient resources for environmental awareness and sensitivity in the society, among decision
makers and practitioners,
Insufficient human resources for protection and management of wetlands in the local government
units,
Insufficient knowledge among local decision makers and practitioners on the importance of
wetland landscapes,
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Lack of coordination among institutions and jurisdictional dispute,
Insufficient number of solid waste storage, sewerage and waste water treatment plants in the
province,
Consideration and usage of Lake Van and other wetlands in the province as discharge areas for any
kind of polluters and waste,
Transportation of excessively used chemicals and fertilizers in the agricultural areas with surface
water to the wetlands,
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Withering with the purpose of agricultural and settlement usages,
Deposition of eroded soil in the wetlands,
Uncontrolled hogging removal in the riverbeds,
Unplanned and faulty reed cuts,
Excessive grazing and weed cutting on the meadows around the wetlands,
Illegal hunting,
Bird egg collection in the reed beds and meadows,
Unplanned recreational development,
Harms given by people in recreational activities without awareness regarding features of these
ecosystems and sensitive balances,
Developments in the province and around Lake Van without a plan and infrastructure (Ad zel
1998; Y ld m 1999; Güler et al. 2011; Z Karakoç 2013, pers.comm., 6 February).
3. ROLES AND EXPECTATIONS IMPOSED ON THE WETLANDS IN VAN PROVINCE IN
THE REGIONAL PLANS
1/100.000 scale Mu - Bitlis- Van Environmental Plan aims at “taking special measures for
conservation of internationally important wetlands and other areas without a legal status” for the
wetlands in the province. It is envisaged in the plan to consider wetlands as conservation areas of
natural characters. It is mentioned that the Regulation on Conservation of Wetlands will be followed
during the activities in this area. However, conservation zones for the wetlands in the province are not
determined, but just ecological impact zone borders are determined. As a part of the plan, wetlands in
the province are assigned the role of developing eco-tourism and the activities within this concept
(Egeplan Planlama Ltd. ti. 2011).
The other plan determining usage and conservation of wetlands in Van Province today and in the near
feature is TRB2 Region 2011-2013 Regional plan. The plan covers Van district and neighbouring
Bitlis, Hakkari and Mu Provinces. The plan emphasizes “…being a region in peace with the
nature…” in addition to socio-economic development in the determined development vision (Güler et
al. 2011). However, within the frame of targets determined for the region, conservation of wetlands
and other landscapes are not handled directly. Natural landscape and wetlands are considered as
sources for development of tourism sector for socio-economic development in non-agricultural sectors
(Güler et al. 2011). The plan considers the wetlands as one of the natural resources that will take a
place in revival of tourism. Accordingly, in wetlands in Van and other regions, the role of developing
alternative tourism activities in the natural areas is assigned.
One of the targets of 2011-2013 Regional Plan, that might indirectly contribute to conservation of
wetlands and other natural landscapes, is development of “environmental awareness” in the region. As
a part of this target, the plan foresees “development of environmental conservation awareness for
development of social life awareness” in relation to the development of human and social capital in the
region (Güler et al. 2011). In addition to this target, it is aimed to improve environmental end energy
infrastructure with the strategies of “provision of sustainable waste water management ”
and
“sustainable disposal of solid and hazardous waste” within the framework of “improvement of urban
and rural infrastructure” aim in the region within the planned period (Güler et al. 2011). Despite this,
no indicators are determined regarding the ecological features and conditions of the wetlands and/or
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other natural areas as a part of performance indicators of targets and strategies determined in the
regional plan.
4. CONCLUSION AND DISCUSSION
Emphasis and priority given to landscape protection and ecosystem conservation are growing around
the world. However, emphasis and priority given to these theme areas are being affected and shaped
by the main approaches and policies of development plans and strategies in various scales as well as
by the development levels and priorities in different regions of a country. In developed regions, it has
been observed that landscape quality is regarded as among the main indicators of development so as
the life quality. While landscape quality is a multi-dimensional concept, ecological sustainability and
landscape protection constitute vital components of this concept. However, in less developed regions,
especially in less developed rural areas sustainability of ecosystems and landscape protection are often
neglected among stakeholders and in the development plans. This is also the case that wetland
landscapes confronted with in Van according to the review on current status of wetland ecosystems in
the province. The role, as a material for ecotourism, attached to wetlands in development plans for the
Province shows that these landscapes regarded as resources to consume for economic development.
Threats and problems, wetland landscapes are confronted with in Van also show and prove that these
areas only important for economic value for national, regional and local stakeholders. Furthermore,
among all the wetlands which are rich in biodiversity and the wetlands important for IBA species, only
one of these (Dönemeç Delta) has national conservation statute but none of them is designated as a
RAMSAR area. To overcome these issues for the ecological sustainability of the wetland landscapes
in Van, improvement of human resources capacity and institutional capacity in local units of General
Directorate of Nature Conservation and National Parks of Ministry Forest and Water Works of Turkey
appears as the leading priority. Efforts in these contexts should be supported by the awareness rising
activities on wetlands among local decision makers and local people as well as preparation the
integrated wetland management plans. In this context, formulation of strategies and action plans
which support landscape protection and economic development at the same time at the regional and
local planning processes are another priority for the ecological sustainability of the wetlands in Van
and near surrounding. Accordingly, wetlands in the Province should have appropriate conservation
statues. Erçek Lake, Bendimahi Delta, Çelebiba Reedbeds, Dönemeç Delta and Çald ran Wetlands
are among the areas that should have conservation statues at national level as well as at international
level according to the RAMSAR Convention. Furthermore, for the protection of wetland landscapes in
the Province ELC should be regarded as another guiding and supporting tool in regional and local
development plans. Consequently, institutional collaboration in various scales appears as one of the
main requirement during the protection of wetland landscapes in Van.
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Abstract
The fruit leathers are common traditional fruit products in Turkey. This popular product group is
commonly produced from grape, mulberry, apple, apricot, plum etc. These traditional products are
produced by fruit pulp mixed with wheat starch. The cooking procedure is a general heating process
and mixture of fruit and starch forms a paste when the temperature of mixture exceeds 55-60oC at
which starch gelatinization occurs. The fruit-starch paste is spread in a tray for drying. As a drying
method, drying under sunlight and drying in a conventional hot air dryer are common used methods.
After drying the fruit leathers become microbiologically safe products and can be easily stored
without extreme storage conditions. In this study it is aimed to provide general information about fruit
leathers popular in Turkey, and to introduce a new leather produced from goldenberry interest of
researchers on which has been increased in recent times due especially to its high biological potential
including antioxidant activity, high fiber and carotenoid contents.
Key words: Fruit leathers, process, goldenberry, nutritional properties

1.

INTRODUCTION

Fruit leathers (Pestil) are traditional food stuffs. Leathers are traditionally produced in summer and fall
seasons depending on originated fruit type for winter period due in part to their high energy contents.
Fruit leathers also possess high nutritional values due in part to vitamins and mineral contents. In
Turkey particularly apple, grape, apricot, plum, mulberry etc. have been processed to leather and
frequently consumed. Addition to the homemade production, small sized enterprises have fruit leathers
in their product group. Turkey has a high production potential of fruits, particularly summer fruits, so
in this extent processed fruit products, one of which is the fruit leathers production, are also significant
to utilize these excess amount of fruit productions which could not be consumed fresh and not to be
easy to store (Eksi & Artik 1984).
This group product has been taking increasing interest of researchers and consumers nowadays due to
coming out of importance of healthy diet. Comparing to the junk foods just having high energy
without nutritional content, fruit originated leathers are rich in minerals and vitamins besides of sugars
being main contributors of their energy contents (Batu et al. 2007). In the fact of this statement it could
be said that the leathers have high potential for being preferable towards to the junk foods.
In terms of the production amount, grape leather is coming first in order. The grape related researches
have figured out its nutritional value and particularly mineral potential has been mentioned. Iron,
calcium, phosphor, potassium, magnesium are main mineral members of grape leathers. Additionally
it was reported to be rich in tiamin and B6 (Eksi & Artik 1984). Similarly other fruit leathers keep
nutritional properties of their originated fruits. This presents the significance of fruit leathers in terms
of diet.
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Part of the functional and nutritional properties of fruit leathers are arisen from main ingredient of this
product group which is starch. Starch has significant properties affecting textural of leathers due in
part to its interaction with water molecules under heat influence (Maskan et al. 2002). This interaction
in between starch and water molecules is identifier in drying properties of leather production and final
product structure. Additionally starches originated from different sources take in place in the group of
carbohydrates which is significant for nutritional potential of leathers (Eksi & Artik 1984).
Fruit leathers are produced from different fruits and labeled depending on these fruits like grape
leather, plum leather, mulberry leather etc. Although depending on fruit type used leathers are named,
the production steps of process are similar for all leather types, as can been seen in Figure 1.
The well-known products, fruit leathers are evaluated according to quality parameters. Visual
appearance of product is used for the first quality judgment, thus color of final product gain high
importance. The remaining quality parameters are taste, odor and texture (Avila & Silva 1999; Lopez
et al. 1997; Rhim et al. 1989). All these parameters are dependent on primarily fruit type from which
leather is produced. For example, color of frequently produced fruit sheet, grape leather is related to
the anthocyanin content of grape fruit (Rhim et al. 1989). On the other hand sugar content and their
types of fruits are other factors directly affecting leather taste and texture. The compounds related to
the odor of leather are also originated from fruits used. Thus the quality and ripeness of fruits are
significant due to their determinative effects on final product quality. To consolidate the information
given above, it is worth to present views about this group product, before mentioning about production
step (Figure 1-6).

Figure 1. A view from fruit leather production.
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Figure 2. A view from fruit leather production; spreading of fruit paste on cloths for drying.

Figure 3. A view from fruit leather production; drying of leathers under sun light.

Figure 4. A view from fruit leather production; drying of leathers under sun light for industry
production.
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Figure 5. A view from fruit leather production; folding of leathers before slicing.

Figure 6. A view from fruit leather production; folded leathers.

2.

FRUIT LEATHER PRODUCTION

General fruit leather production was given in Figure 7. As mentioned before high quality fruits are
selected due to direct influences on final product. Cleaning procedure includes washing and removing
of stems from fruits to avoid passing undesirable compounds from stems and impurities. The
following step is crushing and pressing of fruits. In this step fruits are mechanically damaged and
pressure is applied to extract fruit juice from fruits. This fruit juice and pomace mixture is introduced
to the filtration unit in next step to separate the fruit pomace from juice. Depending on product
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clarification process is applied to raw fruit juice to remove substances causing turbidity. The next step
is concentration of mixture. Fruit juice and starch are both introduced and boiled to aimed
concentration level depending on fruit leather. After desired concentration level is achieved, the
product is spread on a cloth before drying. Drying could be performed under sun light and/or hot air
stream. Drying should be achieved from both sides, so fruit leather sheet is attached to wire for both
side drying after upper side of fruit sheet is dried. At the end of drying process, fruit leather is
removed easily by wetting back side of cloth with little amount of cold water. The dried fruit leather
has such a suitable structure that it can be easily shaped and fold. At this point the significant issue is
to spread the wheat flour, starch and/or sweet sugar flour (icing sugar) to avoid sticking of sheet layer
to each other’s after folding. The shaped and fold leathers are packed in humid resistant packing
material and stored in a place having dry atmosphere.
The properties of fruit leathers and process steps are depended on fruit type used. One of the
significant properties of fruit leathers, thickness ranges from 0.5 mm to 2 mm depending on fruits
(Parlak & Bilisli 2004). Mixing of starch with fruit juice is the most significant step in the leather
production, since starch interacts with water molecules under high temperature levels (>55ºC) which is
called as gelatinization of starch. In some cases wheat flour can be also used instead of starch (Batu, et
al. 2007). For fruits like apricot and plum stones should be removed before further processing.
Crushing and pressing are required processes for grape and mulberry fruits and similar ones
(Anonymous 2003; Cemero lu, & Karadeniz 2001). Clarification is another process applied in grape
leather production (Cemero lu & Karadeniz 2001). Preheating is applied for plump and apricot like
fruits to increase the juice yield.

3.

NUTRITIONAL SIGNIFICANCE OF FRUIT LEATHERS

A demand for healthy diet and nutritional foods has been taken increasing attraction of consumers and
researchers with awareness of significance of diet on human health. As a result reactions against
consumption of junk foods just including content having high energy but without nutrients have risen.
Traditional food stuff, fruit leather has high potential to substitute the junk foods in markets, since
having high nutrients content and being good energy source. Another advantage of fruit leathers is
being natural products. Table 1 and Table 2 indicated nutritional contents and mineral constituents of
different leathers produced in Turkey (Eksi & Artik 1984). As can be seen from Table 1 that total solid
content of all reported leathers are higher than 80% total sugar is the main constituent of which. The
percentage of total sugar in total solid content is around 80%, although its amount for grape leather is
calculated as more than 88% (Table 1). Remaining constituents of solid content are protein, fat, total
acid and ash which vary depending on fruit used for leather production (Table 1).
Fruit leathers are also considered as a good source of minerals mainly including iron, phosphor,
calcium, potassium, sodium, magnesium and cupper (Table 2). Calcium and potassium varying in the
large extend depending on fruit types are main mineral constituents which amounts of phosphor and
sodium follow, whereas remaining are in miserable compared to others (Eksi & Artik 1984). In
another study comparing different fruit leathers the coincidence results are reported by Cagindi and
Otles (2005). In that study leathers produced from mulberry, apricot, and grape were examined and the
analyzed properties, moisture, total solid, total sugar, protein, fat, ash contents were found to similar
the results belonging to those reported by Eksi and Artik (1984) like that the highest ash content was
found for apricot leather. Additionally the energy value of each leather was examined by Cagindi and
Otles (2005). Energy values were found to be between 321.5 and 356.4 kcal/100g of which
carbohydrates are main contributors, on the other hand no difference was reported for energy levels of
studied leather samples (Cagindi & Otles 2005). This could be due in part to similar total sugar
percentages of fruit leathers.
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Appearance of fruit leather was crucial, since its direct impact on consumers’ perceptions and
decisions. Color is one of main appearance properties indicating stuff quality. In general extend fruit
leathers carry characteristic color of fruits from which they are produced. Some process parameters
and conditions could affect the color of final product. In this extend Cagindi and Otles (2005) reported
possible influences of sun drying and thickness of leather.
As can been understood that the fruit leathers are nutritious food stuffs with high energy contents, so
they should be preferred as substitutes of junk foods providing just excess energy without any
nutritional constituents. Another advantage is to be stored for a long time without any deterioration for
fruit leathers, so they would be used as nutritive products for winters.
Table 1. Nutritional constituents of different fruit leathers (Eksi & Artik 1984).
Constituent (%)

Mulberry

Plump

Apricot

Grape

Moisture content

14.3

19.5

17.3

11.3

Total dry material

85.7

80.5

82.7

88.7

Total sugar

83.4

79.0

80.1

87.6

Total acid

0.2

2.3

6.2

0.7

Protein

2.0

2.0

1.9

4.1

Ash

1.4

1.6

3.5

1.6

Fat

0.4

0.1

2.6

0.6

Table 2. Mineral constituents of fruit leathers (Eksi & Artik 1984)
Minerals (mg/kg)

Mulberry

Plump

Apricot

Grape

Iron

14

11

46

13

Cupper

10

6

9

10

Phosphor

401

821

865

1099

Potassium

3881

8061

15206

5173

Sodium

215

245

207

203

Calcium

2507

3828

2318

2563

47

68

72

65

Magnesium
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Fresh Fruit

Cleaning

Crush and Press

Filtration with filter-add
materials

Clarified Fruit Juice

Boiling for concentration
and starch addition

Boiling of mixture

Spread on cloth

Drying under sun/or hot
air

Fold with starch and cut

Pack

Storage

Figure 7. Flow chart of fruit leather production (Eksi & Artik 1984; Maskan, et al. 2002; Nas & Nas
1987)

4.

GOLDENBERRY LEATHER

As mentioned above, it could be easy to find fruit leathers particularly including grape, apricot, plum,
mulberry, however, the consumers continuously look for new food products. This attitude of
consumers is common through the world, so actors in food industry continually try to develop new
products in all fields of food products to meet demands of consumers.
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In this extend it was thought to develop another leather and for which goldenberry being popular fruit
of the recent times was used. The most distinct properties of golden berry attracting attentions are
considered to be high fiber content, intense phenolic compound and carotenoid amount and related
antioxidant activity value. Furthermore goldenberry being rich in unsaturated fatty acid composition
includes high content of vitamin C, vitamin B complex, carotenoid (provitamin A) and minerals
mainly phosphor, calcium and iron (Puente et al., 2011). Goldenberry is prominent with its high
ascorbic acid content. In literature, it is reported to include high ascorbic acid (46mg AA/100g)
compared to different fruits like apple (6mg AA/100g), peach (7mg AA/100g) and pear (4mg
AA/100g) (Belitz & Grosch 1999). Goldenberry is also good source of carotenoids contributing the
high antioxidant activity of this berry fruit (Ramadan & Mörsel 2003; Castro et al. 2008).
Goldenberry leather was produced in accordance with common method, but with few modifications.
The first difference is the usage of fruit pulp produced by homogenization of fruit instead of fruit juice
used in common process flow. Another difference no filtration was applied to pulp to remove fiber and
other cellulosic substances from juice, on the contrary, whole fruit is processed due in part to include
the beneficial effect of fibria substances in leather. Sugar was added besides to wheat starch owing to
suppress sour taste of raw fruit including high amount of fruit acids. Except these differences,
remaining process steps were carried out and the final product was produced with brilliant color and
full flavor and textural properties.

5.

CONCLUSION

As conclusion, it could be said that the fruit leathers are important food stuff, particularly in
Turkey due to their high energy content with nutritional properties. Especially they are
available in winter seasons for consumers providing similar properties and taste to fresh fruits
which could not be stored for that long time periods. As mentioned above, goldenberry leather
is seen to have high potential in this market group, since its high nutrients contents and fibers
as a fresh fruit, if these properties could be successfully transferred to the leather.
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POPULATION FLUCTUATION OF INSECT PESTS AND THEIR NATURAL
ENEMIES ON DIFFERENT CHILLI VARIETIES
Jan M Mari
Department of Plant Protection Sindh Agriculture University, Tando Jam Pakistan

Abstract
A study on population fluctuation of insect pests and their natural enemies on different chilli varieties
were carried out at main chilli Research Station located at Kunri major producing area of Sindh,
during the kharif season of year 2012. Insect pests belonged to the following species (thrips,
Scirtothrips dorsalis Hood, whitefly, Bemisia tabaci (Genn.), aphids, Aphis gossypii Glover, Mealy
bug, Phenacoccus solenopsis (Tinsley), Termite, Coptotermes acinaciformis. Froggatt, mite
(Polyphagotarsonemus latus), jassid, Amrasca biguttula biguttula (Ishida), and pod borers like
Helicoverpa armigera (Hub.) and Spodoptera litura (Fab.) on chillies) were recorded from both
varieties (Longi and Gotki) in chilli crop ecosystem. Thrips, mites and mealy bug were observed major
sucking insect pests and were abundant from transplanting to harvesting. In chewing pests S. litura
and H. Armigera were also major insect pests in both verities their population was highest on 18th and
19th DAT, respectively. Predators related to the different species were recorded from both verities in
chilli ecosystem, they were (Spider, Hippasa agelenoides, 7-spotted, Coccinella semtempunctata (L.)
Brumus suturalis (F.) Big Eyed Bug, Geocoris spp and Lace wing, Chrysoperla carnae). In both
verities it was observed that mite population was highest as followed by thrips, mealy bug and other
insect pests. The data further indicates that comparative mean population of predators were highly
significant with each other in longi and non-significant for gotki. It is concluded that in sucking pests,
thrips and broad mite and in fruit borer S. litura and H. Armigera were found major pests of chilli
from vegetative to reproductive stage and mealy bug was observed sporadically major pest of chilli.
From consolidated population of pests of both verities it was determined that abundance of pest
growth was till 18th DAT, after that it started decreasing consequently that period of the crop is more
sensitive therefore highly attention may be focused on pest scouting in crop.
Key words: chilli, pests, natural enemies and population
1. INTRODUCTION
Insect pests are among the major restraints to improving production of chilli (Capsicum annuum L.).
In these days due to use of chemical pesticide in large number to bring pests under economic injury
level, growers income have been falling particularly due to the increasing costs of inputs for plant
protection (Ali, 2006.). Owing to lack of knowledge about alternative measures about Plant protection
in the present days the farmers are generally concerned with chemical control (Ahmed and Prasad,
2010). In Pakistan, the applications of insecticides are applied in large number than other pesticides
such as fungicides and herbicides. In commercial crops such as cotton, chilli, okra, cabbage and other
vegetables, growers are applying 20 to 30 chemical sprays to the crop (Mari, 2011).
Yet, despite several sprays, crop losses are unavoidable. Among various insect pests, thrips, mites
Mealy bug and fruit borers is count major insect pests and white flies, aphid, jassid are labeled as
minor in chilli ecosystem (Sunitha, 2007). In large number usage of insecticides, from a lot of time
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against insect pest, it developed a resistance and degradation of natural enemies, happened toxic
residues in crop yield and side effect on human health and environment (Hosamani, 2008).
Natural enemy’s predators and paractiods, although plentiful in agricultural systems, have mostly been
thought to be poor Bio-control agents. This expectation is built mainly on theoretical thoughts (e.g.,
predators lack prey speci city and often have longer generation times than pests) (Riechert and
Lockley, 1984). Predators also interfere with other predators in addition to preying upon herbivorous
pests (Polis and Holt, 1992). This research has fixated on recognizing and manipulating characteristics
of different verities and adjacent habitats to provide cause populations of predators to travel into
agricultural elds (Barbosa, 1998). Despite theoretical reservations, increasing sign indicates that
generalist predators can reduce pest populations in agroecosystems (Lang, 1997). We conducted
population fluctuation of insect pests and their natural enemies on different chilli varieties.
2. MATERIALS AND METHOD
In order to study the population fluctuation of insect pests and their natural enemies on different
chilli varieties" was carried out in main chilli Research Station located at Kunri major producing area
of Sindh, during the kharif season of year 2012. Crop was grown in 1/2 acre area with a spacing of
60×60 cm. All suggested routine agronomic practices except plant protection were used. The
experimental plot was divided into 10 equal parts. Population of pests and predators was recorded at
weekly interval from 3 terminal leaves of 10 randomly selected plants in each plot. Observations were
commenced with the arrival of pest and predators and continued up to last picking of the crop. The
data thus obtained were converted as average number of pest per leaf and predator per plant. To
determine the effect of biotic factors on fluctuation of pests the biotic and abiotic data collected were
analyzed with the pest population and correlation coefficient values were worked out. Considering the
significant relation of biotic and a biotic parameters, stepwise regression analysis have been performed
and a population prediction model was developed by taking pest population (Y) as a dependent
variable and predator parameters as independent variables. Weather data were collected from
meteorological laboratory situated at the Tandojam.
3.

RESULTS

3.1 Pest and predator phenology on different verities
Insect pests belonged to the following species (thrips, Scirtothrips dorsalis Hood, whitefly, Bemisia
tabaci (Genn.), aphids, Aphis gossypii Glover, Mealy bug, Phenacoccus solenopsis (Tinsley), Termite,
Coptotermes acinaciformis. Froggatt, mite (Polyphagotarsonemus latus), jassid, Amrasca biguttula
biguttula (Ishida), and pod borers like Helicoverpa armigera (Hub.) and Spodoptera litura (Fab.) on
chillies) were recorded from both varieties (Longi and Gotki) in chilli crop ecosystem. Thrips, mites
and mealy bug were observed major sucking insect pests and were abundant from transplanting to
harvesting (figure-1). The population of these pests was highest on 19th, 21st and 25th DAT,
respectively. Aphid and termite appeared in both verities in late season. Whitefly and jassid were not
major pests of chilli verities their population were recorded under economic threshold level. In
chewing pests S. litura and H. Armigera were also major insect pests in both verities their population
was highest on 18th and 19th DAT, respectively (figure-1, 2 and 3). The statistical analyses (t-test) were
carried out separately between same species with verities. Thus, the results of the analysis indicated
that there was highly significant difference between same species among verities; the pest population
was greater in longi than in gotki (table 1).
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Table 1. T-test analyses for differences between the populations of insect pests and predators with
each other in different chilli verities
Insect pests

t-test values among
species between verities

Predators

t-test values among
species between verities

Mite

5.52***

Spider

8.93***

Thrips

10.65***

Brumus

6.72***

Mealy bug

8.83**

7-spotted

2.52*

Whitefly

9.12***

Lacewing

5.65***

Aphid

12.28***

Geocores .Bugs

5.37***

Jassid

20.38***

Termite

3.78**

* P< 0.05; ** P< 0.01; *** P< 0.001; NS= Not
significant; Degree of freedom (df)= 38

S. Litura

9.39***

H. armigera

6.70***

Predators related to the different species were recorded from both verities in chilli ecosystem, they
were (Spider, Hippasa agelenoides, 7-spotted, Coccinella semtempunctata (L.) Brumus suturalis (F.)
Big Eyed Bug, Geocoris spp and Lace wing, Chrysoperla carnae). The population abundance of all
predators increased in both verities till 18th DAT. After that, a decreasing curve was observed in
predator’s population in both verities till harvesting. However, the statistical analyses (t-test) indicate
that there were highly significant differences between same specie among verities (figure-4-5).
The consolidated population both verities indicated that pest growth increased till 18th DAT. The
regression equation showed that the infestation growth with time interval was highly significant for
pest in both verities. The slope rate of increase was 0.130X and 0.105X. The R2 was 0.95 and 0.98 it
shown that 95 and 98% difference in grow rate was by date interval in longi and gotki, respectively.
Afterward, it decreased with a declining curve-0.182X and -0.155X. The R2 = 98 and 97 indicated that
98 and 97% decrease in growth rate that was due to dates in longi and gotki, respectively. For
predator the regression analysis depicted that the population growth with time interval was highly
significant (= 0.033X and = 0.021X and R2 = 98 and 97) for also predator in longi and gotki verities,
respectively. After that, population decreased with rate of = -0.04X and -0.032X and R2 = 99 and 97,
respectively for longi and gotki (figure-6 and 7).
3.2 Interaction of pest and predators
In both verities it was observed that mite population was highest as followed by thrips, mealy bug and
other insect pests. The ANOVA results revealed that all over mean population pests were highly
significant in longi verity (F=132 df =8, P< 0.01) and it was also highly significant (F=57 df =8, P<
0.01) for gotki. The data further indicates that comparative mean population of predators were highly
significant with each other in longi (F=10.4 df =4, P< 0.01) and it was non-significant (F=1.56 df =4,
P< 0.05) for gotki. The consolidated population of pest and predators indicated that there was highly
significant correlation (P< 0.01) between them in longi and as well as in gotki.
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Figure-1. All over mean population of pests in chilli verities
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Figure-2. All over mean population of pests in chilli verities
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Figure-3. All over mean population of pests in chilli verities
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Figure-4. All over mean population of predators in chilli verities
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Figure -6. Consolidated population of pest and predators
in longi verity
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Figure -7. Consolidated population of pest and predators
in gotki verity
whitefly, Bemisia tabaci (Genn.), aphids, Aphis gossypii Glover, Mealy bug, Phenacoccus solenopsis
(Tinsley), Termite, Coptotermes acinaciformis. Froggatt, mite (Polyphagotarsonemus latus), jassid,
Amrasca biguttula biguttula (Ishida), and pod borers like Helicoverpa armigera (Hub.) and
Spodoptera litura (Fab.) on chillies)
4. DISCUSSION
The results of the present investigations on the population fluctuation of insect pests and their natural
enemies on different chilli varieties occurred at different growth stages of the crop and to evaluate
their natural enemies for ecofriendly approaches in the management of pests of chilli verities are
discussed here. The present investigations revealed the incidence of sucking pests viz., thrips S.
dorsalis, mite (Polyphagotarsonemus latus), whitefly, Bemisia tabaci (Genn.), aphids, Aphis gossypii
Glover, Mealy bug, Phenacoccus solenopsis (Tinsley), Termite, Coptotermes acinaciformis. Froggatt,
jassid, Amrasca biguttula biguttula (Ishida), and fruit borer Helicoverpa armigera and Spodoptera
litura (Fab.) more or less were present in both verities of chilli and caused a damage of the leaves it
becomes yellow, malformed or stunted, and ultimately expire. Some of them inject toxic materials into
the plant during feeding time, and some communicate disease organisms from vegetative to
reproductive stage of crops. During our study it was observed that thrips and mite are major sucking
insect pests of chilli. Our findings are in perfect agreement with those of Eswara Reddy (2005).
Eswara Reddy and Krishna Kumar (2006) reported that chilli thrips S. dorsalis and mite P. latus are
serious pests of chilli when experiment was conducted under protected and open field conditions.
According our finding it was calculated that whitefly, jassid, mealy bug were not major sucking pests
in chilli crop. The present findings are not in agreement with Vasicek et al (2001) who reported that,
aphid was among the important pests of chilli, same observation were observed by Yasaraknc and
Hncal (1997), Halima and Hamouda (1994) they reported that aphids are the major pests of capsicum.
The reason may be different sowing time and due to agro climatic conditions. Usually in Pakistan
chilli is cultivated in summer season at that time aphis is not an important pest in this crop but when it
is cultivated in winter at that time aphid becomes a major insect pest of chilli. The findings of Singh et
al. (1994) are quite close to our statement. They observed seasonal incidence of Myzus persicae on
289

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Agriculture

Food, Volume 1, Part

ISSN 1314-8591 Published at: http://www.scientific-publications.net
cabbage and considered that the incidence aphid was correlated with temperature and relative
humidity. The findings of Singh and Rai (1994) are substantially close they reported that suitable
temperature, humidity and growth of crop are very imperative for the development of aphid.
Fruit borer was also found to cause 20.68 percent damage of the fruits at reproductive stage. Similarly,
according to Vos and Frinking (1998), they reported that cotton bollworm H. armigera was found
infesting the capsicum, but information on extent of damage is not available.
The pests observed under farmer field included cutworm (seedling stage), thrips, mites and aphids
(vegetative and reproductive stage). Incidence of termites and fruit borer was noticed during
reproductive stage of the crop. Similar results were reported by Puttaswamy (1984) from Dharwad,
Karnataka and Patil et al (1987) from Maharashtra, who opined that these pests were devastating the
crop at various crop phases.
From data it was found that predators related to the different species were recorded from chilli
ecosystem, they were (Spider, Hippasa agelenoides, 7-spotted, Coccinella semtempunctata (L.)
Brumus suturalis (F.) Big Eyed Bug, Geocoris spp and Lace wing, Chrysoperla carnae). The
population abundance of all predators increased in both verities till 18th DAT. After that, a decreasing
curve was observed in predator’s population in both verities till harvesting. Our findings are in perfect
agreement with those of Salim and Hussein (1994) they reported that In the chilli ecosystem,
coccinellids are found to be the most predominant species and are responsible in reducing the
populations of pests. It is also quite close to findings of Giraddi(2007),he carried out field experiment
at Dharwad and assessed the activity of predator fauna of chilli insect pests. He recorded Menochilus
sexmaculatus and Chrysoperla carnea were observed on the crop. The present results are in
accordance with the findings of Varghese (2003), Smitha (2002), Gayatridevi (2006) and George
(2006) from india they recorded coccinellids predators in chilli ecosystem.

5.

CONCLSION

It is concluded that in sucking pests, thrips and broad mite and in fruit borer S. litura and H. Armigera
were found major pests of chilli from vegetative to reproductive stage and mealy bug was observed
sporadically major pest of chilli. A negligible amount of predators were also observed in chilli crop
agro-ecosystem. From data it was observed that pest population was comparatively highest in longi
from gotki. From consolidated population of pests of both verities it was determined that abundance of
pest growth was till 18th DAT, after that it started decreasing consequently that period of the crop is
more sensitive therefore highly attention may be focused on pest scouting in crop.
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