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Moroccan Schools during the Reign of Bani Marin
(668 — 869 AH / 1269 - 1465 AD)

Abstract

The sultans of Bani Marin attached great importance to the establishment of specialized
schools that taught specific subjects, by specialized instructors and to supply them with
specialized books. These Schools participated in maintaining and spreading of Al-Malki
creed throughout Northwest Africa, and the making of the good cultural relationships with
the Islamic Arab East as well as Andalusia through the scientific expeditions had great
influence on benefiting from the knowledge and curriculums of the eastern countries and
Andalusia. The Sultans also worked on the establishment of many schools that notably
spread throughout various Moroccan cities, and to expend on these Schools and their
students, by granting them donations in the form of regular monthly payments, in addition to
annual bonuses, moreover, annexes were added to these School to be used as lodgings for
the teachers and students who come from far-off places. The subjects used to be studied in
the schools included grammar, reading, jurisprudence, Islamic Law, Arabic language and
literature as well as some of the branches of philosophy, mysticism, (scholastic) theology,
mathematics, history and geography. The Arabic language and tongue, thanks to Bani Marin,
were maintained conserved in Northwest Africa.
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Abstract

The Ptolemaic mintage is one of the most important and arguable topics with regard to
many points including: the Cities where the coins were made, the symbols and
inscriptions that appeared on the coins, how and when the coins were made, and what
they were made of in the Ptolemaic era. Therefore, the goal of this study is to trade back
when the mintage factories were established in the Ptolemaic age. The study also aims
to find out the mark of each factory and what symbols were used in the Ptolemaic cities
and countries. In addition the study is aimed to specify the date of the coins because the
picture of the first Ptolemaic King appeared on a lot of coins although these coins were
made time after the death of this King. The methodology of this study was historically
analytical and descriptive and the study concluded the following:

1. The Ptolemaic coins were made of gold, silver and bronze.

2. The alphabet was inscribed on the coins to indicate the date of the coins and the
number of the mintage.

3. The most important mintage factories were in Alexandria, Cyrene, Juba, Paphos,
Salamis and Citium.
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The research to assess the level of enlightenment sports to male
and female teachers of Physical Education and Sports in the
city of Tobruk

D.r Ashraf Abd EIMonem Ahmed

Professor and Chairman, Department of sports training and quality with the faculty of
science of Physical Education and Sports of Tobruk University.

summary

Which means the Enlightenment sports of reason and logic been liberated and courage
resulting from knowledge to accept any knowledge in the area of space science of
physical education and sports for displays on the rights and sanctification or admire the
name or the degree or the place or the level or the way or the means by which the progress
of such knowledge and whatever the degree of or its acceptance. The searching to
evaluation aims level of the oven athletic enemy informers and informers the bodily
education and the sport in city Tobruk, the researcher will serve the method almshy, and
the sample was formed his taught blessing (45) and taught from city of Tobruk, and the
results about level resulted athletic oven fY the general information (medium) and weak
level fY the special information and the educational enough the enough and the
instructional — enough and general level medium for modern my the graduation and weak
weak for friends the experience big -. Medium general (22.27) level degree for the males,
and medium medium level (16.93) of degree for the females.
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ABSTRACT

This study presents the solar energy used in Libya consists of solar electric (PV) and solar
thermal applications. The solar energy of source can contribute in generating renewable
electricity these study objectives, so that it potential in Libya and Evaluation of solar Energy
application in Libya. The methodology of this study carried out in three stages as follows:
The first stage involves a literature review on the status study of the assessment of the Libyan
experimental with solar energy and applications in heating and cooling, and electric power
generation from solar energy. The second Stage Identification Survey Based on the finding of
stage 1, an identification survey will be carried out from the range of selected articles and
papers. The selected articles, journals and proceedings papers are now focused on the
assessment of the Libyan experimental with solar energy. The literature review covered about
42 selected journals that will be taken into consideration. The third Stage the Data
Compilation and Interpretation. The data are compiled and interpreted into four subtopics; all
two subtopics are discussed in details and analyzed. So the total energy received on
horizontal plan reach up to 7.1 KWh/m? per day, the PV system has utility as a strategic
source of electrical energy generation in the Southern region of Libya. It is because of the
failure which occurred during its performance caused by the increase of its surface
temperature during the operation. Libya has a good potential of solar energy which can be
used in different applications.

Keywords: solar radiation, Libyan solar experimental, Thermal energy, PV system,
Evaluation of solar energy.
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1. Introduction

Libya is located in the middle of North Africa with 88% of its area considered to be desert
areas, the south is located in the Sahara desert where there is a high potential of solar energy
which can be used to generate electricity by both solar energy conversions, photovoltaic, and
solar thermal.

The solar radiation in Libya considered being very high the direct radiation on the
horizontal plan , the total energy received on horizontal plan reach up to 7.1 KWh/m? per
day, while Figure 1.1 shows a map for Libya indicating the radiation Level. [Mohamed
Ekhlat et al 2007]

Figurel.1 The average global radiation on the horizontal plane
Source: Mohamed Ekhlat et al 2007

The use PV systems started in 1976, and since then many projects have been erected
for different sizes and applications. The first project put into work was a PV system to supply
a cathodic protection to protect the oil pipe line connecting Dahra oil field with Sedra Port.
Projects in the field of communication was started 1980 where a PV system was used to
supply energy to a microwave repeater station near Zella. Projects in the field of water
pumping was started 1983 where PV pumping system was used to pump water for irrigation
at El-Agailat. The use of PV systems for rural electrification and lighting was started in 2003.
Water pumping projects was also erected beginning in 1984. The role of PV application was
grown in size and type of application.

The use of domestic solar heater started in 1980 by installing a pilot project of 35
systems, follows by some other projects. There are all together about 6000 solar heaters in
Libya. The use of evacuated tubes for solar haters has been started for some hotels and homes
and expected to grow up soon. Water heating energy consumption is about 12% of the
national electricity production. The use of solar heaters has not spread in all country due to
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e No national or personal industry has been established for local individuals.
e Lack of Knowledge for the people.
e Low electric energy tariff.

Prospects of renewable Energy in Libya, that has although renewable energy
applications in Libya were started in the middle of the seventies, they have only gained
momentum in the last ten years, Highlight renewable energy applications in Libya, the gained
experience, the RE resources, and the future prospects for the utilization of RE recourses.
There is a good potentiality for PV systems which can be used in different applications. There
is a potentiality of renewable (solar & wind) energy which can be used in different
applications. A national plan has been adopted to raise the share of renewable energy to 10%
by the year 2020. saleh (2006).

Energy Efficiency and Renewable Energy Libya, that has the analysis of the present
energy situation in Libya clearly indicates that there are no programs toward rational use of
energy. This situation related to many factors summarized as follow:

e Low electricity tariff especially for residential sector.
Cheap oil prices for transportation.
Lack of national policy toward the conservation of energy.
Lack of specialized national institution which deal with the rational use of energy.
Lack of detailed and deep studies related to the rational use of energy (RUE).

The objective of study , the main issues are focused on Evaluate solar Energy potential in
Libya , and up to day, evaluation of solar Energy application and prospects for Libya.

2. Methodology

The methodology of this study is literature review. Theoretically, literature review discusses
published information in particular subject area. Sometimes, it is also information in
particular subject area within certain time period. A literature review can be just a simple
summary of the sources, but it usually has an organizational pattern and combines both
summary and synthesis. A summary is a recap of the important information of the source,
but a synthesis is a re-organization of that information. It might give a new interpretation of
old material or combine new with old interpretation. It also might trace the intellectual
progression of the field, including major debates. Depends on the situation, the literature
review may evaluate the sources and advice the reader on most relevant. This study will be
carried out in three stages as follows:

2.1  Stage 1: Literature reviews

This stage involves a literature review on the status study of the assessment of the Libyan
experimental with solar energy covered applications of solar energy in heating and cooling
and electric power generation from solar energy. The study covered about 43 papers which
are related in this field.

2.2  Stage 2: Identification Survey

Based on the finding of stage 1, an identification survey will be carried out from the range of
selected articles and papers. The selected articles, journals and proceedings papers are now
focused on the assessment of the Libyan experimental with solar energy. The literature
review covered about 42 selected journals that will be taken into consideration.
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2.3  Stage 3: Data Compilation and Interpretation

For this stage, data are compiled and interpreted into two subtopics. All two subtopics are
discussed in details and will be analyzed. Graphs and Tables were provided for some
subtopics in order to provide a clear understanding about the topic respectively.

3. LITERATURE REVIEW

Many projects have indicated that the country's energy demand generation could be
significant reduced if improved energy utilization efficiency by the major energy sectors is
achieved. Krema et al (2007).

3.1 Solar Radiation

Estimation of Global and Diffuse Radiation at Tripoli, Different correlations were used to
predict monthly average global and diffuse radiation on a horizontal surface at Tripoli. It was
found that the best to predict the global and the diffuse radiation respectively. Wherever,
seven global models were used to estimate the monthly average global radiation on a
horizontal surface. The most accurate; however the Both models arc characterize by a simple
form which is linear in percent possible sunshine, and thus it is optional to use either of these
two models to estimate the monthly average global radiation. Eight models were employed to
estimate the monthly average diffuse radiation; all of these models use global radiation as a
necessary input parameter. Some of these models use the monthly average clearness index as
an input (type one), others use percent possible sunshine (type two), and only one model uses
the combination of the two (type three), similarly the above statistical tests were used as a
discriminating tool to differentiate between the accuracy of these models. It was found that
type one models performed very well. Erbs and Klein model is the best among this group and
is recommended to be used to predict the diffuse radiation for the city of Tripoli. The Lin-
Jordan comes next in accuracy. R.Said et al (1998).

Monthly Average Daily Insolation on Tilted Collectors in Libya, that can be
Insolation values show that the optimum value of tilt angle for space heating system is about
latitude plus 150 while that for cooling system is (0° )A combination of horizontal roof and
vertical south wall gives more or less uniform Insolation throughout the whole year. The
maximum annul Insolation occurs for tilt angle nearly equal to the latitude. Moustafa Mawas
and Tariq Muneer (1980).

Global Solar Radiation Climate of Libya, which has the general features of global
solar radiation measured by 15 meteorological stations spread over Libya during the 5-yr
period, 1981-1986. That can be classified into two broad divisions, coastal and desert, with
two sub-divisions in each of the divisions. Station independent correlation parameters for
these regions are calculated. Ahmed and Taher Abuain (1992).

3.2 Solar Thermal

A major benefit of solar thermal power is that it has little adverse environmental impact, with
none of the polluting emissions or safety concerns associated with conventional generation
technologies. There is hardly any pollution in the form of exhaust fumes or noise during
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operation. Decommissioning a system is not problematic. Each square metre of reflector
surface in a solar field is enough to avoid the annual production of 150 to 250 kilograms (kg)
of carbon dioxide. Solar thermal power can therefore make a substantial contribution towards
international commitments to reduce the steady increase in the level of greenhouse gases and
their contribution to climate change. We will divide the solar thermal to three sections.

3.2.1 Cooling

Passive Heating and Cooling Strategies for Libya that can provide indoor thermal comfort in
the northern and southern regions of Libya respectively almost for the whole year, Active
solar or conventional heating in the north and solar or conventional cooling the south will
hardly be needed if suitable passive strategies are implemented. Ahmad et al. (1984).

An investigation into thermal comfort in the summer season of Ghadames in Libya,
that has results from a field survey of thermal comfort within two types of buildings; old
(traditional) and new (contemporary) in Ghadames oasis in Libya. The survey was under
taken in the summer seasons 1997 and 1998 that people have an overall impression of higher
standard of thermal comfort in old buildings than in new buildings. The 1ISO 7730 standard
can be used to measure human thermal comfort in new air-conditioned buildings without
modifications. Ghadames in the summer seasons that they are more satisfied and thermally
neutral in old naturally ventilated buildings than in new air-conditioned buildings. Thermal
comfort has been defined by ASHRAE as "that condition of mind which expresses
satisfaction with the thermal environment" and as such will be incensed by personal
differences in mood, culture and other individual, organisational and social factors. Thus
thermal discomfort within building environments is a prevalent and significant issue
throughout the developed and developing countries. The thermal comfort standards
prescribed by 1SO 7730 are the first that have been used on a world-wide basis. Ealiwa et al
(2001).

Solar Operated Absorption Air-Conditioner for a kufra House, that can be the cooling
of prototype house in kufra city, measured the radiation and ambient data that three different
types of collectors with varying efficiencies are considered. These collectors are of the
evacuated tub, elective coated and black painted types. The cost difference between selective
and black painted collectors is small but between evacuated tub and selective collectors is
high. The thermal analysis of the absorption system showed that a cooling tower of 38 KW
capacities will be needed to offset absorber and condenser loads. The feasibility of solar
cooling of residences in arid regions of Jamahiriya is proved and its application is strongly
recommended. Uppal and Muneer (1984).

Assessment of Ground Thermal Capacity for Space Cooling in Libya, that has identify
a number of passive techniques for space cooling using the thermal capacity of the ground in
traditional buildings. That the cooling potential of floor varies from 0.2 MJ/m2 —day in the
region near the Mediterranean coast to 0.6 MJ/m2 —day in the southern region of Libya.
Ahmed et al.(1995).

Thermal comfort investigation in Libya, that has a good agreement with those found
in the literature particularly the one found by Humphreys. For buildings equipped with
heating and air conditioning systems, a variable indoor temperature has to be taken according
to the comfort temperature calculated. This is in agreement with the common way people
used to run their heating or cooling systems. Akair and Banhidi (2007).
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UTES Potential for Space heating and cooling in Libya, that has A successful transfer
of UTES know-how would lead to the implementation of UTES in North Africa. This would
have a great economic and environmental impact on these countries. Underground Thermal
Energy Storage (UTES) is a technology where local companies and labor would be engaged
in design, development, and construction. Natural cooling and heating system with very low
operation cost and also active seasonal storage of thermal energy would release economic
resources to other important areas. Grein et al (2006).

3.2.2 Heating

Year Round Performance of Thermosyphon Solar Water Heater in Benghazi, that the change
of the temperatures in year that the yearly maximum water temperatures reached was 66° C
which occurred in the month of August. The yearly minimum temperature was 23° C which
occurred in the month of February. The fluctuation in day-end temperature was considerable
in the winter months, from a low of 23°C to a high of 51° C. The corresponding fluctuations
in the summer months are less intense, from 50° C to 60° C. The overall thermal efficiency of
heater varies between 40 and 50 %. Hawas and Muneer (1994).

Passive Heating and Cooling Strategies for Libya, that can provide indoor thermal
comfort in the northern and southern regions of Libya respectively almost for the whole year.
Active solar or conventional heating in the north and solar or conventional cooling the south
will hardly be needed if suitable passive strategies are implemented. Ahmad et al. (1985).

The Economics of Solar Thermal Electricity for Europe, North Africa, and the Middle
East, which solar thermal or concentrating solar power (CSP), a commercially available
technology that uses direct sunlight and mirrors to boil water and drive conventional steam
turbines. Solar thermal power production in North Africa and the Middle East could provide
enough power to Europe to meet the needs of 35 million people by 2020. might have political
implications that would extend project lead times considerably. Since it is costly to step down
high-voltage direct current, the proposed lines need to run uninterrupted to the terminal point
before distribution can begin. Overall, large-scale deployment of CSP in the MENA region is
clearly attainable at levels of public subsidy that are modest, given the planetary stakes. The
question is not whether CSP is feasible, but whether programs like the MENA initiative will
be operational in time to prevent catastrophic climate change. For such programs to spur the
clean energy revolution, efforts to arrange financing should begin right away. Wheeler and
Kevin (2008).

Evaluation of the underground soil thermal storage properties in Libya, The aim of the
experiment is to monitor the temperature variation of the underground soil under a depth of 4
m and around the year, in order to know the thermal capacity ability of the soil to be used as a
seasonal thermal storage. The thermal properties were presented as a function of the ground
depth; furthermore, that was measured temperatures of the two systems for Tripoli
underground soil. Theoretically, solution of the general heat balance equation may be
formulated, for unsteady state conditions tedious as a result of difficulty in setting the initial
conditions. the initial temperatures of the soil layers must be supposed. Nassar et al (2006).
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3.3 Solar Electric

The reliability of the photovoltaic utilization in southern cities of Libya, that can be say the
Solar energy can be converted to electrical energy by means of two methods: the first one is a
direct method with photovoltaic (PV) systems and the second is an indirect one by solar
thermal power generation. The main disadvantage of the PV systems is the high sensitivity of
the output electrical characteristics to their temperature surface. The increase of the surface
temperature leads to reduce the power output according to its power temperature coefficient,
the evaluate electrical behaviour of PV systems and to estimate the failure of their function.
The experiment has been carried out in order to measure the following parameters: output
power, surface temperature, solar radiation, ambient temperature and wind speed. Brack City
is located at 27.6°N and 14.2°E, 600 km away to the south from Tripoli (Capital). Most of the
Arabic countries are located in warm or hot zones; therefore, these zones are indicated by
most of scientific works as the most favourable areas for thermodynamics solar power
generation plants. the thermal electrical solar power can be generated in the scale of several
hundreds of Megawatts the disadvantage of the PV system’s utility as a strategic source of
electrical energy generation, in Southern region of Libya. It is because of the failure which
occurred during its performance caused by the increase of its surface temperature during the
operation. The utilization of PV systems can be restricted on mini and micro PV systems (e.g.
watches, calculators), small PV island systems (e.g. solar home systems), large PV island
systems (e.g. village power supply), and small PV grid-connected systems. Nassar & Salem
(2007).

Photovoltaic in Libya Applications and Evaluation, that can be say a good potential of
PV systems which can be used in different applications. Photovoltaic systems for supplying
electrical energy to remote areas are justified based on economic and technical reasons.
Social changes have been noticed in the villages which have been electrified. Saleh et al
(2005).

Photovoltaic Power Plant for the Southern Region of Libya, wherever the compares, a
photovoltaic (PV) power plant of the same capacity (100MWe), as a clean and inexhaustible
alternative. Solar irradiance in the region of 2300K Wh/m: annually, and sunshine duration is
3500 h/year. Libya has limited fossil fuel resources, used for electricity generation and for
export, as a major source of national income. However, it also has an inexhaustible reservoir
of solar radiation incident on the huge Sahara desert. Instead of installing gas turbine power
plant in the middle of this desert near Sebha, the construction of a photovoltaic power plant in
the same region, where the land is suitable and the solar irradiance is high. Technical
analyses show that the construction of a PV plant will introduce new technologies, create
more jobs, reduce pollution and promote even more investment in solar energy. Most of the
required components can be designed and constructed by local companies. On the bases of
the rival plants' lifetime of 20 years, the PV plant is more economic, due mainly to requiring
no fuel and having low operating and maintenance costs. It is obvious that it is the best option
available to the country when looking to the future. Eljrushi and Zubia (1995).

Regional cooperation in water-electricity co-generation Part2, Middle East and North
African countries suffer from a large shortage of fresh water, that the available annual
average fresh water is less than 150 L/d/capita, which less than 52 and 7% of Middle East and
North African countries, and the average world resources per capita respectively. According
to preliminary environmental and economic studies, advanced inherent safe nuclear power
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plants adapted for water-electricity cogeneration could satisfy the required demands. that an
advanced inherent safe nuclear reactor of medium or large size is suitable and can satisfy the
water-electricity demand up to the year 2025. The economical assessment of the proposed
nuclear power plant for water-electricity cogeneration has been carried out. This assessment
indicates that the proposed station is feasible and competent with the conventional
desalination methods. As indicated in the Table 3.2, these demands declare that an advanced
inherent safe nuclear reactor adopted for water electricity cogeneration, can cope with these
demands up to the year 2025. Mohamed Shamloul (2002).

Table 3.1 Population forecast for Matrouh-Barka Site (thousands)

Site Year

2000 2005 2010 2015 2020 2025
Matrouh 230 255 283 313 347 385
Barka
Tobruk 176 210 248 286 324 356
Derna 197 235 277 319 362 398
El-Bayda 226 269 318 367 418 457
Total 599 714 843 972 1102 1211
Total Matrouh—Barka 829 969 969 1285 1449 1596

Source: Mohamed M. Shamloul 2002

Comparative study in supplying electrical energy to small remote loads in .that can be
say the main sources of energy that might be available in remote low populated areas Libya
are either diesel generating units or wind mills for water pumping , the economic and
technical advantages of the PV generation of the required energy in such remote area. The
transmission of small amount of electrical energy to such remote areas is not economically
justified. The usage of diesel generators is slightly expensive than the PV generation, but
adding to it the pollution effect on the surroundings will dictate the usage of PV generation.
In addition, the reliability of PV generating systems is high compared with the diesel
generation and it is maintenance free. Mous et al (1998).

4. Results and discussions

Libya has excellent location and has a vast wealth of Renewable energy in addition to its oil
and gas. It is characterized by the highest brightness of the sun on the region. Solar energy
transports from the sun to the earth in the form of electromagnetic radiation but in a different
scale. On a clear day, the usual amount of solar radiation available on the surface of the Earth
in the direction of the sun is 1000 watts per square meter. At any time, the solar energy
potential is primarily dependent on how high the sun in the sky and the current status of
clouds. There are several ways to use solar energy effectively. These ways can be classified
into three main categories, namely thermal applications, the production of electricity and
chemical processes. Also solar energy applications are widely used in the field of water
heating. There is a growing generation of electricity using photovoltaic systems and solar
thermal technologies. The potential of solar energy resources are excellent in the countries of
the Middle East and North Africa, where the annual solar radiation varies.

Between 4 and 8 kW/hour per square meter, the region also enjoys a high level of
direct solar radiation and a decrease in the rate of presence of clouds.

10
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Libya with it is vast area and geographical location 20-33 N, 10-25E, has an average
global radiation of 7-7.8 kwW/hm2/day for the summer months and 2-7 kwW/hm2/day for the
rest of the year. Libya extends over 1,759,540 square kilometers (679,362m2), making it the
17th largest nation in the world by size, it is somewhat smaller than Indonesia, and roughly
the size of the US state of Alaska. It is bound to the north by the Mediterranean Sea, the west
by Tunisia and Algeria, the southwest by Niger, the south by Chad and Sudan and to the east
by Egypt. At 1,770 kilometres (1,100 mi), Libya's coastline is the longest of any African
country bordering the Mediterranean. The portion of the Mediterranean Sea north of Libya is
often called the Libyan Sea. The climate is mostly dry and desert like in nature. However, the
northern regions enjoy a milder Mediterranean climate.

The future is promising for the production of electricity from concentrated solar
thermal power (CSP) and photovoltaic systems (PV) because the incident solar radiation
throughout the region is higher than the minimum rate required. Although the use of
concentrated solar thermal energy at possible lower rates is assumed to be 1800 kilowatt /
hour per square meter of brightness normal direct (DNI). In an occasion to determine the
technical feasibility of the overall energy, and considering the economic potential within the
limits of direct brightness of 2000 kW / hour per square meter per year, this is an appropriate
level to make the costs of solar power in the medium term compared with conventional
sources of energy and other renewable sources of generation of electricity. Statistics show
that all countries of the Middle East and North Africa are eligible for this technology, as the
rates exceed 1800 kWh per square meter per year.

4.1 Solar Electric (Photovoltaic systems)

Photovoltaic is best known as a method for generating electric power by using solar cells to
convert energy from the sun into electricity. The photovoltaic effect refers to photons of light
knocking electrons into a higher state of energy to create electricity. The term photovoltaic
denotes the unbiased operating mode of a photodiode in which current through the device is
entirely due to the transduced light energy. Virtually all photovoltaic devices are some type
of photodiode. Solar cells produce direct current electricity from light, which can be used to
power equipment or to recharge a battery. The first practical application of photovoltaic was
to power orbiting satellites and other spacecraft, but today the majority of photovoltaic
modules are used for grid connected power generation. In this case an inverter is required to
convert the DC to AC. There is a smaller market for off-grid power for remote dwellings,
boats, recreational vehicles, electric cars, roadside emergency telephones, remote sensing,
and cathodic protection of pipelines, and many electric energy generation options. The main
options for electric energy production for the most sits in Libya are:

Electric grid.

Diesel generation.

Photovoltaic (PV) generation plus diesel generation.
Photovoltaic (PV) generation.

Wind mills.

We will discuss PV generation due to its importance to the Renewable energy in
Libya, Two options were considered to generate the required amount of energy using the
direct conversion of solar energy, mainly the central and distributed sources. The central way
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of energy production was not considered at first due to the geographical nature of the site. To
get a best energy supply a distribution network was used considering the problems arising
with any fault in the network, the reduced storage capacity and/or other load problems.
However, load of public buildings located near to each other was considered as single load.
The D.C. supply system for tents and huts was considered first, and then it was decided to
concentrate on the A.C supply system only to be consistent with the available appliances in
the local market. Other loads were decided from the beginning to be supplied by A.C. system.
PV applications may offer a promising alternative energy supply in remote areas. In many
places due to remoteness and cost, it is unlikely that main grid connection will ever be
established. However, the need for power still exists. In most cases, storage batteries are
included in PV systems due to the fluctuating nature of the climatic conditions. The capital
cost of PV generators is high and their performance depends greatly on the radiation, the
temperature, and the battery voltage that change during its charge and discharge process.

Because the users require the maximum available output power under any temperature
and solar radiation levels, a maximum power point tracking (MPPT) device may be located
between the PV array and batteries to optimize the power transfer from the PV array to the
batteries. With the development of technology, MPPT devices can be more cost-effective,
have a higher reliability and efficiency. This will result in a total PV system that is much
more economically viable and, therefore, suitable for a wider application base for remote
electrification.

The use of PV systems started in 1976, and since then many projects have been
erected for different sizes and applications. The first project put into work was a PV system
to supply a cathodic protection to protect the oil pipe line connecting Dahra oil field with
Sedra Port. Projects in the field of communication was started 1980 where a PV system was
used to supply energy to a microwave repeater station near Zella city. Projects in the field of
water pumping were started in 1983 where PV pumping system was used to pump water for
irrigation at El-Agailat city. The use of PV systems for rural electrification and lighting was
started in 2003. The role of PV application has grown in size and type of application. The PV
system is promising source of electricity generation for energy resource saving and CO,
emission reduction, even if other technologies are applied. Furthermore the development in
efficiency of solar cells, amount of material used in the solar cell and the system are designed
for maximum use of recycled material that will reduce the energy requirement.

4.1.1 Photovoltaic in Communication electric Networks

The Libyan communication networks consist of more than 500 repeater station, which
electricity is covering more than 99% of the population, PV systems are used to supply

electricity to about 2000 inhabitants in rural areas. The share of renewable energy
technologies in Libya up to now hold only a small contribution in meeting the basic energy
needs, it is used to electrify rural areas for sustainable development, supply microwave
repeater station, and in cathodic protection. A start-up plan was planned for implementing
renewable energy sources to contribute 10% off the electric demand by the year 2020. The

experience raised from PV applications indicates that there is a high potential of building a

large scale of PV plants in the sought of the Mediterranean. It was the success of the PV
systems technically and economically that pushes the changing of all possible diesel stations
to PV stations in the Libyan communication networks. Comments that were drawn from the
past experience of PV systems are as follows:
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No spare parts had been used for PV systems which are installed 26 years ago.

e No failure has been registered for the systems installed 26 years ago.

e Very low cost or no running cost for most of the PV systems.

e Batteries have been changed after about ten years from installation.

e Lack of knowledge; People in developing countries should be made aware of PV
systems through increasing their understanding of this technology.

e The average production energy for systems of 1.2 KWP is 6 KWh/day.

e The AC option of electricity for rural electrification was the best convenience
choice.

e The closed type battery option was the best convenience choice.

4.1.2 PV in Cathodic protection

As the price of extending utility power lines has increased significantly, photovoltaic have
become the preferred source of power in many applications, including Cathodic Protection.
Cathodic Protection (CP) works by impressing a current on a metallic structure that is in
contact with the earth, such that the structure is maintained at a negative voltage (usually
about -0.85 to -1.1 v4c) with respect to a copper/copper sulphate half-cell in contact with the
earth. Cathodic Protection is used to protect pipelines, steel tanks, well casings, highway
bridges and even large structures in contact with the earth can be protected with a reasonably
sized system. A cathodic protection professional should be contacted to evaluate the
application and to specify the ground bed type and dimensions along with the current and
voltage requirements. A system should normally be sized for some future growth since
protective coatings deteriorate further with age.

Our experience dates back to the late 1976’s when the first systems were being
designed and installed. This improves field installation by preventing "ground loops"”, and
also minimizes lightning protection problems. The PV module frames and structures should
be grounded, but the PV input cables left ungrounded. Leakage currents and static build-up
are handled by the module frame grounds, and a diode drop into the positive terminal of the
battery which is grounded. Lightning surge protection is provided by the PV regulators on the
input side and the PV controller on the negative output side.

PV powered systems are normally designed for 5 to 10 days of autonomy (sunless
days). The batteries are often protected by a low voltage cut off which shuts down the
controller before damage to the batteries occurs. The total PV systems in this field are around
320 systems by the end of 2006, with total installed PV systems. PV technology is considered
to be a relatively new in developing countries; we are experiencing some vandalism issues,
the installation of photovoltaic systems started in the middle of 2003. The total numbers of
systems installed by the General Electric Company of Libya (GECOL) are 340 with a total
capacity of 220 KWp, while that which was installed by Centre of Solar Energy Studies
(CSES) and Saharian Centre has 150 systems one of the systems is a hybrid system with
diesel generator to supply a village of 200 inhabitancies. The total peak power is 125 KWp;
others involved in using PV has installed 50 PV systems with a total capacity of 60 KWp. In
these applications 440 systems have been installed with total peak power of 405 KWp. The
experienced advantages of using PV solar generators can be summarized as follows:
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Low running cost.

High reliability.
Durability of the system.
Fewer services visit.
Low maintenance cost.

Less number of thefts.
No communication stops.
Vandalisms.

4.1.3 PV for Water pumping

Water pumping system has a long history; so many methods have been developed to pump
water with a minimum of effort. These have utilized a variety of power sources, namely
human energy, animal power, hydraulic power, wind, solar and fossil fuels for small
generators. Solar PV water pumping has been implemented around the globe as an alternative
electric energy source for remote locations since when solar PV was invented. The solar PV
systems are cost effective in many remote applications such as water pumping for
households, livestock and wildlife, space heating, lighting remote vacation homes and
emergency traffic applications. The PV systems involve the direct conversion of sunlight into
electricity with no intervening heat engine. PV devices are solid state; therefore, they are
rugged and simple in design and require very little maintenance, water pumping is one of the
best PV applications in Libya as remote wells which are used to supply water for human and
animals in rural places.

Water pumping was considered as one of the best PV applications in Libya as remote
wells which are used to supply water for human and animals in rural places. The water
pumping project consists of installing of 40 PV systems with a total estimated peak power for
this application is 120 (kilowatt-peak) KWp. Figure 4.17 Shows PV Water Pumping Beer
Tssawa.

Figure 4.17 PV Water Pumping Beer Tssawa
Source: Mohamed Ekhlat et al 2007
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4.2  Thermal comfort investigation in Libya (cooling and heating)

The last twenty years have witnessed significant advances in the field of thermal comfort that
build on the foundations laid by the preceding century. The PMV-model that was derived in
the 1960s is still prescribed by thermal comfort standards as the most important method to
evaluate thermal comfort. The greatest advantage of the deterministic PMV-model is its wide
application range. The emergence of models of adaptive thermal comfort stems from research
in 1990s and the first decade of the 21st century. Such models are on the threshold of
widespread application. The current application range is still subject to debate, which leads to
the risk of use beyond the application thresholds. The adaptive models pose advantages in
terms of practical application and interpretation of results, and deal with human responses
and adaptation in naturally ventilated settings. Personal control of the indoor climate and
human performance has become important directions of study and practice.

Unfortunately it is very rare that people have actual control over their environment,
given that the whole issue of establishing objective criteria for comfort stems right from the
extreme variability that human beings display when it comes to establishing thermal comfort.
If each and every one of us could freely adjust the air temperature and velocity, and/or his/her
activity level or clothing there would be ‘no’ discomfort to begin with. The more control an
individual has over the comfort-related parameters (both physical and behavioural); the more
relaxation can be tolerated in standards. So it is not so much a matter of naturally versus
artificially controlled environments but flexibility versus rigidity whether occupants are
comfortable and satisfied.

The computerization of society has led to the emergence of sophisticated multi-
segmental models of human physiology and computational fluid dynamics that can be used
for improved thermal comfort predictions for laboratory purposes and the design of buildings.
A great challenge to the use of thermo physiological models is to link the outcomes to the
perception of thermal comfort. Whereas current thermal comfort standards mainly address
low-resolution problems in office building, increased computational capacities will help solve
high-resolution thermal comfort issues in both real-life and laboratory settings.

A thermal comfort field survey has been conducted in three towns from two climatic
zones in Libya. Two hundred people were involved in this survey. They have been asked in
their houses and working places under their normal living conditions once each month during
1 year. The selected sample of buildings has been chosen among free running buildings. Only
few office buildings were equipped with heating systems but not with air conditioning
systems.

5. CONCLUSION

This Study clearly reveals that evaluation of solar energy of Libya, in some of these local
situations, however, the currently exploited solar energy resources. The use of solar energy
resource should be promoted as they can contribute to.

Building standards have been based on fixed comfort temperatures found from tests
held in climatic chambers. Those standards assume that the indoor temperature is fixed to a
set value and controlled by heating and air conditioning systems. In Libya and all North
African countries, the heating and air conditioning systems, in case they exist, are not used
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continuously. Thus, the indoor temperature is fluctuating. The thermal sensation of the
building occupants is the only controller of the ventilation, the heating or the cooling of the
building. Unlike the conventional thermal regulations, which are based on energy
consumption, the special feature of the future Libyan thermal regulation is related to the fact
that it must ensure a minimum level of thermal comfort when the building is free running
without any heating or cooling system.

The use of a stand-alone PV power supply in the field of communications, cathodic
protection, rural electrification, and water pumping was established, and a very high
reliability was recorded. No or very low running cost of PV solar energy made it more and
more acceptable from economic point of view, beside technical and power availability in
comparison with diesel generators.

PV power supply systems for supplying electrical energy to remote and isolated areas
are justified based on economic and technical reasons. It is also recommended to add more
PV systems to feed all inhabitants that suffer from shortage or lack of electrical supply. Some
kind of industry for the production and manufacturing of solar cells and other PV system
components should start to cover the expected increase of PV systems applications. Future
evaluation should take place to verify the previously estimated parameters. Finally, it can be
concluded as the following:

e There is a good potential of PV systems which can be used in different applications.

e Photovoltaic systems for supplying electrical energy to remote areas are justified
based on economic and technical reasons, and

e Social changes have been noticed in the villages which have been electrified.

The disadvantage of the PV system’s utility as a strategic source of electrical energy

generation, in the Southern region of Libya. It is because of the failure which occurred during
its performance caused by the increase of its surface temperature during the operation.
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Abstract

A field experiment was conducted to study the effect of foliar fertilization with some trace
elements (Fe, Mn and Zn) on chemical constituents of Ruta graveolens L. plants either alone or
in combination of them at concentration of (50 and 100 ppm) on Horticulture experimental
farm, Fac. of Agric., Omar EI- Mokhtar Univ. EI- baida Libya, during 2013/ 2014 and 2014/
2015. The results indicated that all foliar application treatments caused significant gradual
increase in the herb content from Nitrogen, phosphorus, potassium, Iron, zinc, manganese,
essential oil and alkaloids percentage as compared with control treatments.

The best treatments was foliar spraying of plants with combination of trace elements (Fe+ Zn
+Mn) at concentration (100 ppm ) which recorded the highest significant values (2.90, 3.09%)
for N, (1.73,1.82%) for P, (5.28,55.30%)for K, (2911.33, 2915.33 ppm.) for Fe,
(298.33,299.66ppm)for Mn,(992.33 ,993ppm) for Zn, (0.071,0.075%) for essential oil and
(0.042, 0.044%) for alkaloids compared with other treatments included in this study during the
two successive seasons respectively.

Key words: Ruta graveolens L., Trace elements, foliar spraying, essential oil, alkaloids
percentage.
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Introduction:
Medicinal and aromatic plants are known to be used by 80% of global population for their
medicinaltherapeutic effects as estimated by (WHO, 2008).

Many of these plants synthesize substances that are useful to the maintenance of health in
humans, animals and plants. These include aromatic substances, most of which are phenols or
their oxygen - substituted derivatives such as tannins. Others contain alkaloids,glycosides,
saponins and many secondary metabolites (Lai, 2004).

Rue (Ruta graveolens L.) is one of these plants whichare native to the Mediterranean region
and cultivated in many parts of the world including Libya. Rue's application in herbal therapy
was to promote menstruation (Steenkamp, 2003), relieve symptoms of hangover (Chavez, etal.,
2003), as contraceptive (Browner, 1985), it is also applied externally as poultice against
rheumatic pain (Atta,and Alkofahi A., 1998). Rue s flavonoid content possesses antibacterial
activity (Alzoreky and Nakahara,2003),and antifungal activity (Oliva etal., 2003) moreover
(Chiu and Fung, 1997) indicated that rue plants contained cardiovascular active substances that
have direct effect on the cardiovascular system, also (Pathak etal., 2003) propose that Ruta in
combination with Caz(PO,) could be used for effective treatment of brain cancer particularly
glioma.the intensive publications on iron (Fe), manganese (Mn) and zinc (Zn) reflect the
important roles of these elements in plant growth and yield of aromatic and medicinal plants.
The main functions of Iron (Fe concern growth, respiration, chlorophyll synthesis and
photosynthesis. Manganese (Mn) is considered essential elements for tryptophan as precursor
to form indoles (Hopkins, 1995; Marschner, 1995).

Since, the foliar application of plant nutrient is an additional channel to nutrition, as well as,
regulating root uptake , thus the changing in level of mineral in above ground organs are not so
much attributable to foliar absorption, but rather to the effect of latter on the uptake of nutrients
by root system. Several researchers reported the beneficinal effect of foliar fertilization with
trace elements on chemical constituents of medicinal plants, (El-Sherbenyetal., 2002) on
CymbopogoncitratusL. plants,(Naguibet al., 2007) and(El-Khateeb, 1994) on Ruta graveolens
L.plants, (Preety etal.,2000) on Menthaspicata L.plants.(Matter and El-Yazal, 2002) on
Ambrosia maritime L.plants.(Misra and Bansal,1992) and(Faroogi and Misra, 1983) on Mentha
arvensis L.(Tarraf etal., 1994) and(Kassem, 2002) on Rosmarinus officinalis L.,(Abd El-salam,
1999) on Foenicum vulgare Mill., (Swaefy, 2002) onTrachyspermumammilL.

This paper aimed to study the effect of foliar nutrition with some trace elements (Fe, Zn, and
Mn) alone or as combination of them on chemical constituents of Ruta graveolens L. Plants.

Materials and methods:

A field experiments was carried out at the experimental farm of horticulture department-faculty
of Agriculture, Omar EI-Moktar university in El- Beida- Libya during the two successive
seasons of 2014/2015 and 2015/2016,seedlings were sown on 1% of Marsh in rows, The
distance between rows was 50 cm and 50 cm between plants in compete randomized block
design containing 9 treatments with three replicates, each replicate contain 4 plants .all other
agricultural practices were done as needed.

The fertilization treatments included the following:
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The plants were sprayed three times( the first one was applied after 40 days from sowing,
the second one was applied after 21 days from the first spray the third one was applied after 21
days from the second spray) with an aqueous solution of trace elements,using 0.5 m/1 bio-film
as a wetting agent.

The concentration and source of elements were as follows:

. Control plant was sprayed with distilled water.

. Iron at 50 or 100 ppm as a foliar spray of the chelated Fe-EDTA (Fe 6%).

. Zinc at 50 or 100 ppm as a foliar spray of the chelated Zn- EDTA (Zn 14%)

. Manganese at 50 or 100 ppm as a foliar spray of the chelated Mn- EDTA (Mn 14%)
. Iron(50 ppm) + Zinc (50ppm) + Manganese (50% ppm).

. Iron (100 ppm) + Zinc (100 ppm) + Manganese (100 ppm).

Statistical analysis: The complete randomized block design was used in the experiments (9
treatments) with 3 replicates. Each replicate contained 4 plants the statistical analysis was
carried out according to Costat statistical Software. L. S. D. test was used to compare the
means of treatment.

Harvesting: Harvesting was carried out at flowering stage on 15" august in the first and
second seasons.

Nitrogen, phosphorus and potassim elements were determined in the acid digested solution,
which was prepared according to (Hach etal., 1985). The results were calculated from a
standard curve made on ammonium sulfate. Nitrogen content was determined by modified
micro kjeldahl method as described by (A.0.A.C, 1970). For phosphorus determination, the
ammonium molybdate method according to (Murphy and Riley, 1962) was used .As for
potassium, Iron,Manganese it was estimated using atomic absorption apparatus according to
(Cottenie etal., 1982).Samples of fresh herb of each treatment were subjected separately for
hydrodistilation for three hours in order to extract and determine the percentage of essential oil,
according to (Guenther, 1961).and the totoalalkaloids estimated according to (Djilani et al.,
2006).

Results and discussion

Data in table (1) revealed that spraying Ruta graveolens L.Plants with (Fe, Zn and Mn) either
alone or in combination at level (50,100 ppm.) Caused significant gradual increase in the
content of herb from macro- elements (N, P and K) as compared with control treatment |,
which give the least values(1.85, 1.91%) for Nitrogen, (0.88, 0.89%) for phosphorus and (4.61,
4.70%) for potassium during the two successive seasons respectively .

The results showed that spraying plants with combination of (Fe + Zn + Mn) at level of 100
ppm. gave the highest significant values, which recorded (2.90, 3.09%) for the Nitrogen
content of the herb, (1.73 , 1.82%) for phosphorus content of the herb and (5.28, 5.30 %) for
potassium content of the herb during the two successive seasons of study respectively as
compared with other treatments on the study. the results are in agreement with those obtained
by (EI-Ghdban,1994) on Menthaviridis L., (Naguib etal., 2007) on Ruta graveolens L. and
(Mansour, 2007) onSalvia fruticoseMill.
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Table 1: Effect of spraying some trace elements on potassium, phosphorus and nitrogen
percentage in herb of Ruta graveolens L. plants
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*Means within column having different letters are significantly different according to LSD at P
<0.05.

Iron, manganeseand potassium content of the herb:

Data in table (2) revealed that spraying Ruta graveolens L.plants with (Fe, Zn and Mn) either
alone or in combination at level (50 and100 ppm) Caused significant gradual increase in the
content of herb from (Fe, Mn and Zn) as compared with control treatment, which give the least
accumlation values( 2127.66 , 2125.61 ppm. ) for Iron, (738.33, 743.33 ppm.)for Zinc, while
the least accumulation value for Manganese was obtained from spraying the plant with (50
ppm) Fe, which recorded (161.66, 162.66 ppm.) during the two successive seasons of study
respectively.

The results showed that spraying plants with combination of (Fe+ Zn + Mn) at level of 100
ppm. gave the highest accumulation values of Iron, Manganese and Zinc which recorded (
2911.33, 2915.33 ppm.) for herb Fe content, (298.33, 299.66 ppm) for herb Mn content and
(992.33, 993) for herb Zn content during the two successive seasons of study respectively as
compared with other treatments included in this study. The results are in agreement with those
obtained by (EI-Ghdban,1994) on Menthaviridis L.,(Naguib et al., 2007) on Ruta graveolens L.
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and (Mansour, 2007) on Salviafruticose, Mill.(Misra and Bansal, 1992) on Mentha arvensis L.,
(Tarraf etal., 1994) on Rosmarinus officinalis L.The improvement in micronutrient and
macronutrient uptake by micronutrient application (Fe,Mn andZn) would be explained by their
role on improving roots that lead to greater absorbing surface of roots,consequently increasing
nutrient uptake and improves transportation of the nutrients from the soils to plant organs via
the roots ( Najjar, 1985).

Table 2: Effect of spraying some trace elements on zinc, manganese, iron(ppm) content in
herb of Ruta graveolens L.
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9
3
2 2 28 .
1 03 6 26 8 30 M(')X
é 7 4 7 1 .3 Zp
3 b b 5 3 m
b b b
b




daaly (g tady
o) A Al 408
dallad) dpll) Adaal)

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal

2017 gk /20— guidh Zueibidl 2aad

9 2 2

9 9 9

2 99 8 29 1 ig Mix

. 3 . 9. 1 3 100

3 3 3 66 . 3 pp

3 3 a 3 3 m
3

a a a

*Means within column having different letters are significantly different according to LSD at P
<0.05.

Oil and alkaloids percentage in the herb:

Data in table (3) revealed that Ruta graveolens L. plant responded well to spraying with (Fe,
Mn and Zn) either alone or in combination of them. All treatments showed significant
increment in oil and alkaloids percentage as compared to control, which gave the least
significant values (0.040, 0.041%) for oil percentage in the herb and (0.019,0.020 %) for total
alkaloids content in the herb.

The results showed that spraying plants with combination of (Fe+ Zn + Mn) at level of 100
ppm. gave the highest significant values of oil percentage content which recorded (0.071,
0.075 %) and (0.042, 0.044 %) for herb total alkaloids content during the two successive
seasons of study respectively as compared with other treatments included in the study. the
results are in agreement with those obtained by (Abd EI- salam, 1999) on Foenicum vulgare
Mill.,(El-Ghdban,1994) on Menthaviridis L. (Kassem, 2002) on Rosmarinus officinalis L.

The improvement in oil and alkaloid yield by trace elements application (Fe,Zn and Mn)
either alone or in combination of them, could be explained by their role in a wide variety of
metabolic and physiological processes as well as cellular functions within the plants. Iron is
necessary for chlorophyll synthesis and it is a constituent of some enzymes which controlled
the respiratory mechanism such as cytochrome oxidase. Zinc is directly involved in the
synthesis of plant hormone auxin. Manganese has a function in chloroplast as a part of electron
transfer reactions and electron transport system. In addition, they play an essential role in
improving yield and quality (Barker and Pilbeam,2007; Hansch and Mendel, 2009).

Table 3: Effect of foliar spraying with some trace elements on essential oil and total
alkaloid percentage of Ruta graveolens L.plants

Alkaloids Essential oil
% %

= 2"%seaso 1%t 2"%easo Preatgent
seaso n seaso n i

n n
G019 0.020 g R.040 O'Ofl control

g g g
0.025 0.026 d 0.048 0.047 f Fe 50 ppm




daala R

o) A Al 408
dallad) dpll) Adaal)

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal

2017 gk /20— guidh Zueibidl 2aad

d f
0.026 0.028 ¢ 0.063 0.062 ¢ Fe 100
C C ppm
0.022 0.022 f 0.048 0.048 f Zn 50
f f ppm
0.024 0.0%5 e 0.051 0.053 d Zn 100
e d ppm
0.022 0.023 f 0.050 0.050 e Mn 50
f e ppm
0.023 0.024 e 0.051 0.052 d Mn 100
e d ppm
0.032 0.034 b 0.064 0.066 b Mix 50
b b ppm
0.042 0.044 a 0.071 0.075 a Mix 100
a a ppm

*Means within column having different letters are significantly different according to LSD at P
<0.05.
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Abstract

The study area (ALghara) is Located east OF Libya in the borders of Tobruk Zone
(Albotnan region), 30 km Far From Tobruk city located between longtitude
24.185°&24.215° latitude31.9644°& 31.9428° Extend about 25 km?, The climate of
study area is semi desert , rain precipitation do not close to 150 mm/year . the water
har vesting techings using To keep the rain water for drink and agriltural activies, also
underground water used There are wells , 5 is under service and other out . The one
sample was collected from each well and analyzed. The result show general view the
high concentration of ions in depth of well (163-170)m, the highest averages of TDS
(total dissolved solids)and T.H(total hardness) also there was increasing in sodium
(Na) According of the averages of TDS, Na and TH, comparing with WHO standard,
the drinking water characterization exceed of organization . The increasing maybe for
the nature and structure of area (topography). The geological structure that common
in study area till 170 m (depth) effected and deterioration of underground water
quality The increase of T.H In water for the di-cation in water . and T.H increase
depends of Ca and Mg increasing .
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Impact of interaction between iron fertilizers application as an chelate
agents and minerals on corn (Zeamays L.) growth and Fe up take by plant
under Libyan calcareous soil conditions- Al-Jabel Al-Akhdar

"Hasan Bendres AL-Babah™ Jamal Saeed Deryqe

*Department of Horticulture - Faculty of Agriculture, Omar E-Mukhtar-University-Libya.
**Department of Soil and Water Sciences - Faculty of Agriculture, Omar EI-Mukhtar-
University-Libya

Abstract

A field experiments have been conducted at the research farm Dept of Horticulture Sci. Fac.
of Agric. Omar- El- Mukhtar University. To investigates the effectiveness the interaction
between two different Sources of Fe. Were ( FeSO4,7H,0) and (Fe-EDDHA) Were applied to
soil during season of 2013/2014. In levels (0,5,10, 25) and (0, 10, 20, 40) kg/h for chelating
(Fe-EDDHA) and mineral (FeSO,4.7H,0) on growth of corn plant. The results which obtained
revealed that the interaction between two sources fertilizers significantly increased growth
parameters of corn plant , i.e. plant high, fresh weight dry weight and mineral contents of
plant. The effectiveness of Fe fertilizers in increasing growth parameter and mineral contents
of corn plant were in the following order: Fe-EDDHA>FeSO4.7H20. In general, Fe
application increased Fe uptake but decreased that of phosphorus, potassium, Zinc,
manganese and copper is attributed to antagonistic effect of Fe with nutrients. A resulting
hypothesis is that to uptake sites on roots without going in the ions from through the solution
around roots .So, application of iron fertilizers in the form of Fe-EDDHA to corn (Zeamays
L.) grown on calcareous soil is recommended.

Keywords: - iron, Ferrussulphide " FeSO,4.7H,0 -" , iron chelates , corn plants , Libyan soils
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People’'s Awareness concerning negative effects of Pesticides on
Environment

Dr. Arij .M.Mousa

Lecturer at Higher Institute of Mediacl Professions/ Tripoli Department of Public Health

Abstract

Pesticides that uses in the agriculutre sector can causedanger to our daily lives in the event of
bad use of it on agricultural crop. This can effect on human health and living organisms in the
environment.The study was conducted in Tripoli city and surroundding areas.The research
include three categories ( farmers,students, and vagi sellers).The total number of subscribers
is 150 subscribers, were using a questionnaire to find out how understand these categories to
the subject of pesticides and their effects on health. The study found that most of the groups
in the study did not receive any outreach and education programs in the past on pesticides,
while the farmers have awareness of the process of spraying deviation specialized as that of
the three groups do not have any awareness regarding first aid poisoning pesticide Farmers
that the use of the pesticide may be unlimited and measured quantities. Therefore, the study
recommends the need for awareness and education on the proper use of pesticides and the
definition of its seriousness and how ambulance and attention to the categories of farmers
should also be putin private academic departments, such as the department of public
health pesticides
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REVIEW: PRODRUG CONCEPT IN DRUG DESIGN

Abstract

In the world of drug discovery and development, prodrugs have become an established tool
for improving physicochemical, biopharmaceutical or pharmacokinetic properties of
pharmacologically active agents. Prodrugs are bio reversible derivatives of drug molecules
that undergo an enzymatic and/or chemical transformation in vivo to release the active parent
drug, which can then exert the desired pharmacological effect. The basic aim of prodrug
design is to overcome undesirable drug properties, such as low solubility in water or lipid
membranes, low target selectivity, chemical instability, undesirable taste, irritation or pain
after local administration, presystolic metabolism and toxicity. In fact, about 10% of the drugs
approved worldwide can be classified as prodrugs. Although the development of a prodrug
can be very challenging, the prodrug approach represents a feasible way to improve the
undesirable properties of investigational drugs or drugs already on the market. In this article,
the concepts of prodrug and the classifications of prodrugs will be offered. Furthermore, this
article describes the basic functional groups that are amenable to prodrug design and
highlights the major applications of the prodrug strategy.

Key words: Prodrug, Derivatives of Drug, Drug—promoiety, Antiviral, Anticancer.
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1. Introduction

Early history of prodrug research:Adrien Albert has first introduced the enunciation “pro-
drug” in 1958 (Albert, 1958). A few decades later, he apologized for having invented such an
inaccurate term, because “predrug” would have been a more descriptive term. However, by
that time, the original version was used too widely to be changed.Nonetheless, the prodrug
concept has been invented long before Albert’s publication.”The first compound considered as
a prodrug was acetanilide, introduced (under the name of Antifebrin) into the medical practice
byCahn and Hepp in 1867 as an antipyretic agent. In the body, acetanilide is hydroxylated
(aromatic hydroxylation) to biologically active acetaminophen (paracetamol), the compound
endowed with both antipyretic and analgesic activity.® Acetaminophen can be also formed in
the process of O-DE alkylation of another analgesic drug — phenacetin (acetophenetidin),
introduced into clinical use in 1887 by von Mering. Acetanilide and phenacetin were not
originally designed as prodrugs, but their prodrug nature was de-termined later on. Another
example of a historical prodrug is aspirin (acetylsalicylic acid), synthesized in 1897 by Felix
Hoffman (Bayer, Germany), and introduced into medicine by Dreser in 1899.*However,the
prodrug concept was intentionally used for the first time in the middle of the 20th century by
the Parke-Davis company during studies on modification of chloramphenicol structure in
order to improve the antibiotic’s bitter taste and poor solubility in water. °

Purpose of design prodrugs: prodrug therapy provides an alternative approach to
design less reactive and less cytotoxic form of a marketable drug.® Conventional prodrug
design aims to overcome undesirable drug molecules properties : (i) pharmaceutical problems
such as poor solubility, insufficient chemical stability, unacceptable taste or odor, and
irritation or pain; (ii) pharmacokinetic problems such as insufficient oral absorption,
inadequate blood-brain barrier permeability, marked presystemic metabolism, and toxicity;
and (iii) pharmacodynamics problems such as low therapeutic index and lack of selectivity at
the site of action. Therefore, the major objective of prodrug design is to temporarily alter the
physicochemical properties of drugs to accomplish modification of drug pharmacokinetics,
prolongation of action, reduce toxicities and side effects, increased selectivity, and resolve
formulation challenges.’

2. Prodrug concepts

The term of “pro-drug”or “"proagent” was first introduced in 1958 by Adrien Albert.!In
general, prodrugs are convinced forms of active drugs that are designed to be activated to
produce the active parent drug after an enzymatic or chemical reaction once they have been
administered into the body (Fig.1).? In simplified terms, the drug—promoiety is the prodrug
that is typically pharmacologically inactive.!ln most cases, prodrugs are simple chemical
derivatives that require only one to two chemical or enzymatic transformation steps to yield
the active parent drug. In broad terms, prodrugs are derivatives of active drug moieties,
designed to undergo conversion in the body and to overcome undesirable drug properties,
such as low solubility in water or lipid membranes, low target selectivity, chemical instability,
undesirable taste, irritation or pain after local administration, systemic metabolism and
toxicity, thereby releasing the active parent drug.’In fact, ~10% of the globally marketed
medications are prodrugs, 20% of all small molecular medicines approved between 2000 and
2008 were prodrugs, and when focusing on 2008. Nowadays, it emerges that over 30% of
drugs approved were prodrugs.®*°The concept of prodrugs in the late 1950s, such compounds
have also been called latentiated drugs, is a commonly employed technique for new drug
development that often results in an enhancement of the therapeutic utility of a drug,
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"bioreversible derivatives,” and "congeners,” but "prodrug” is now the most commonly
accepted term.

| - Inside the cell
Outside the cell Barrier

w*,
M Drug molecular
Drug molecular . + [

T enzymatic andlor
chemical
transformation

Drug molecular _ - | Drug molecular @

g

Prodrug

Figure 1: A simplified illustration of prodrug concept.

Generally, prodrug approach has been used to overcome the limitations arising due to
various undesirable drug properties to optimize drug properties such as absorption,
distribution, metabolism, and excretion (ADME), because these properties can cause
considerable problems in subsequent drug development.” Moreover, the prodrug strategy has
been used to increase the selectivity of drugs for their intended target."’the major applications
of the prodrug strategy, including the ability to improve oral absorption and aqueous
solubility, increase lipophilicity, enhance active transport, as well as achieve site-selective
delivery. Special emphasis is given to the role of the prodrug concept in the design of new
anticancer therapies, including antibody-directed enzyme prodrug therapy and gene-directed
enzyme prodrug therapy.™

3. Classification of prodrugs
There are potentially many methods of classifying prodrugs. These could include those:

1. Based on therapeutic categories; for example, anticancer prodrugs, antiviral prodrugs,
antibacterial prodrugs, no steroidal anti-inflammatory prodrugs, cardiovascular prodrugs,
etc.2.Based on the categories of chemical linkages or moiety/carriers that attach to the active
drug classified into two groups of prodrugs . Fist group, carrier linked pro-drugs where the
active molecule (the drug) is temporary linked to a carrier (also known asa promoiety)
through a bio reversible covalent linkage. Once in the body, the carrier-linked prodrug
undergoes biotransformation, releasing the parent drug and the carrier. Ideally, the carrier
should be no immunogenic, easy to synthesize at a low cost, stable under the conditions of
prodrug administration, and undergo biodegradation to nonnative metabolites.>** In so-called
co-drugs (mutual prodrugs, multiple prodrugs), a prodrug is formed from two
pharmacologically active agents coupled together into a single molecule, and act as
promoieties of each other. Examples of co-drugs include sulfa pyridine — 5-aminosalicylic
acid, indomethacin — paracetamol, L-DOPA- enthacapone, gabapentin — pregabalin, 5-
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fluorouracil — cytarabine, 5-fluorouracil — dexamethasone triamcinolone, ampicillin —
sulbactram, sulfamethoxazole — nalidixic acid.'® The major groups of carrier-linked prodrugs
are esters and amides; other groups include phosphates, carbamates, carbonates, oximes,
imines and N-Mannich bases (Fig.2).

2. Second groups, Bioprecursor pro-drugs, that do not contain a promoiety but result from a
molecular modification of the active compound itself, is transformed metabolically or
chemically by hydration (e.g., lactones such as some statins), oxidation (e.g., dexpanthenol,
nabumetone) or reduction (e.g., sulindac, platinum(1V) complexes) to the active agent.™*

3. Based on the site of conversion into the pharmacologically active agent, the prodrugs can
be additionally classified into two groups: Type | — metabolized intracellularly. Type IA
prodrugs (e.g., acyclovir, cyclophosphamide, 5-fluorouracil, L-DOPA, zidovudine) are
metabolized at the cellular targets of their therapeutic actions. Type IB prodrugs (e.g.,
carbamazepine, captopril, molsidomine, primidone) are converted to parent drugs by
metabolic tissues, namely by the liver.*?

Type Il — metabolized extracellularly. Type 1A — in the milieu of the gastrointestinal
fluid (e.g., loperamide oxide, sulfsalazine). Type 1IB — within the circulatory system and/or
other extracellular fluid compartments (e.g., aspirin, bambuterol, fosphenytoin). Type 1IC —
near or inside therapeutic target/cells (ADEPT, GDEPT).

4. Some of the prodrugs, called mixed-type’’ or co-drugs prodrugs, consist of two
pharmacologically active drugs that are coupled together in a single molecule so that each
drug acts as a promoiety for the other.*®

carbonates ethers

-—o—-c: OR
/ R!

esters | ﬁ
[l —o-c—0-t—r
H
1
—s—Cc—R ——c OR / T o

—$—C—0-C—R?

— -on |
S PR S Lo 1
\ phosphates
amides \ ﬁ

—0-P—OH
1

Q
I OH

L reoiom
carbamates \

ey
—o" ok —ou

—0- C NR OH
f
N’-Mannl:h bases ~N"0-P—OH
H I

N C RZ oximes imines

H
R1

Figure2: functional groups utilized in prodrug design.
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4. Some Examples of Prodrugs:

1. Fosamprenavir (Telzir®); functional group is phosphate ester Bioconverted by alkaline
phosphatases to amprenavir, a HIV protease inhibitor ( Antiviral, HIV infections).?®*3

HoN

Figure 3: Structure of Fosamprenavir.

2. Estramustine phosphate (Emcyt®); functional group is phosphateester of estramustine.
Bioconverted by alkaline phosphatasesto estramustine, which is further transformedinto
estromustine (Antimitotic).®*3

Q
cHO-F-ONa

CI\/\NL
C

o)

Figure 4: Structure of Estramustine.

3. Fludarabine phosphate (Fludara®); functional group is phosphate ester of fludarabine.
Bioconverted by alkaline phosphatases to fludarabine. Fludarabine undergoes transformation
to 2-fluoro-9-B-D-arabinofuranosyladenine, which after uptake into cells is converted to
active 2-fluoro-9-p-D-arabinofuranosyladenine 5’-triphosphate ( Antiviral).>*3

NH,
~N
7
Q G N/)\F
HO—IID—O
OH
HO OH

Figure 5: Structure of Fludarabine phosphate.

4. Prednisolone phosphate; functional group is phosphate ester ofprednisolone (Inflamase®,
Orapred ODT®). Bioconverted by alkaline phosphatasesto prednisolone ( Anti-inflammatory,
antiallergic).®*
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Figure 6 : Bioactivation of phosphate prodrugs of prednisolone and phenytoin.
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Phenytoin

5. Enalapril (Innovace®, Vasotec®, Renitc®), functional group is monoethylester of
enalaprilat. In the liver bioconverted by esterases to enalaprilat, an angiotensin-converting
enzymeinhibitor. Used in the treatment of hypertension, ischemic heart disease.®

H 0  cooH

Figure 7 : Structure of Enalapril.

6. Adefovir dipivoxil (Viread®), functional group isbis-(pivaloyloxymethyl) ester of
adenofovir. Bioconverted by esterases and phosphodiesterases to tenofovir. In lymphocytes T
tenofovir in converted to activemetabolite, tenofovir diphosphate, an inhibitorof HIV virus
reverse transcriptase ( Anti-HIV).2*
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Figure 8 : Structure of Adefovir dipivoxil.

7. Famciclovir (Famvir®), functional group is dimethyl ester of penciclovir. Bioconverted by
esterases and aldehydeoxidase to penciclovir used as inhibitor of Herpes DNA synthesis
(Antiviral).®*

o

NZ N\ 9
HZNJ\\/NENZ/\f
o)
o

Figure 9 : Structure of Famciclovir.

8. Oseltamivir (Tamiflu®), functional group is ethyl ester of oseltamivir carboxylate.
Bioconverted by carboxylesterase-1 to oseltamivir carboxylate — selective inhibitor of viral
neuroamidase glycoprotein type A and B. Antiviral (anti-influenza).®*®

0
L
HN ™
/§O NH,

Figure 9 : Structure of Famciclovir.
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Figure 10: Bioactivation of ester prodrugs oseltamivir, adefovir dipivoxil, and dabigatran
etexilate.

9. Capecitabine (Xeloda), functional group is Carbamates. Bio converted by carboxyl
esterase — 1 and 2to 5-fluorouracil (5-FU) a relatively selective activation in and delivery to

tumors in the body (anticancer).”*%?°
o)
FTgN
N
HO  OH

Figure 11 : Structure of Capecitabine.
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Figure 12: Bioactivation of Carbamates prodrugs oseltamivir Capecitabine.

5. Conclusion

In this review, we introduced the early history of prodrug research and the purpose of design
prodrugs. Furthermore, we explained the prodrug concept, the classification of prodrugs and
the functional groups and the bio converted of some prodrugs. Nowadays, the prodrug
approach has been widely utilized to overcome the undesirable pharmacokinetic properties
and to optimize therapeutic efficacy. The prodrug strategy has been used to increase the
selectivity of drugs for their intended target. The major applications of the prodrug strategy,
including the ability to improve oral absorption and aqueous solubility, increase lipophilicity,
enhance active transport, as well as achieve site-selective delivery. The prodrug approach has
been used to overcome the limitations arising due to various undesirable drug properties to
optimize clinical drug applications. The prodrug strategy has been used to enhance the
therapeutic efficacy and/or reduce the adverse effects of the pharmacologically active agents
via different mechanisms, including increased solubility, stability, improved permeability and

10
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bioavailability, prolonged biological half-life time, and tissue-targeted delivery also it used to
increase the selectivity of drugs for their intended target. As we noted previously, the major
applications of the prodrug strategy, including the ability to improve oral absorption and
aqueous solubility, increase lipophilicity, enhance active transport, as well as achieve site-
selective delivery. Collectively, the emphasis is given to the role of the prodrug concept in the
design of new drugs such as antiviral and anticancer therapies.
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Effect of media type, hormone treatments and incubation periods
on the in vitro shoot formation and growth of pineapple (Ananas
comosus L Merr) cv. Smooth cayenne.

Abstract

Combination of six different media (CH, DP, LS, MS, MT and N) and two hormone
treatments (BAP alone at 2.25 mg.I" and combination of BAP at 3.25 plus IAA at 1.75
mg.I™) were tested for its effect on the shoot formation and shoot length and weight of
Smooth cayenne pineapple over three different incubation periods (30, 60 and 75 days).
The optimum media varied according to the parameter used for assessment and hormone
treatment. After 30 days of incubation, the highest shoot formation (7 shoots) obtained in
MT enriched with BAP alone and LS enriched with combination of BAP and IAA while
after 60 days the highest shoot formation (9 shoots) obtained in CH, MS and MT media
enriched with BAP alone. After 75 days, CH medium enriched with combination of BAP
and 1AA resulted in the highest shoot formation (14 shoots). For production of tallest and
heaviest shoots shorter incubation of 30 days and MT medium enriched with combination
of BAP and IAA was the best choice (11mm, 0.36 g). MS which is the most commonly
used medium was at all parameters and irrespective of the hormone treatments and
incubation periods inferior than the other media. Recommendation of certain medium
type for pineapple should be restricted to the intended length of incubation period and the
growth parameter of major interest.

Key words: Pineapple; Media types; Incubation periods; Ananas comosus.
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Introduction

Successful in vitro propagation of pineapple has been reported by several researchers.
However, almost in all cases the attention was focus on testing the effect of hormone
types, concentrations and combinations. For better establishment as well as multiplication
there were contrasting reports regarding the type and strength of the media. Mathew et al.
(1976) and Soneji et al. (2002) used Nitch medium and Sripaoraya et al. (2003)
recommended MT while Firoozabady and Gutterson (2003) suggested MS at half salt
plus B5 vitamins and Merceir et al. (2003) used Kundson salt plus high glycine for
establishment of pineapple culture. But all of them used MS for multiplication. Bordoloi
and Sarma (1993) found no differences between establishing of pineapple in MS and SH
medium. But MS was better for multiplication. MS at half salt but full vitamins (Teng,
1997; Das and Bhowmik, 1997) and at full strength (Khan et al., 2004) in solid state was
reported for both stages. Fitchet (1990) used solid MT medium for establishment and
liquid MT for multiplication. Fernando (1986) used MS salt and White vitamins for both
stages, but static liquid culture for establishment and agitated culture for multiplication
and Teixeira et al. (2006) used the same media in static liquid culture for multiplication.
Liquid MS medium at full strength (Kofe and Adachi, 1993) and half strength (Omokolo
et al., 2001) were use for both stages of establishment and multiplication. Media types,
MS and B5 (Bhatia and Ashwath, 2002), MS and N6 (Kiss et al., 1995) MS, B5 and AZ
(Liu et al., 1989), MS, SH, W and B5 (Bordoloi and Sarma, 1993) were compared during
multiplication. However, while the first two researchers recommended respectively B5
and N6 over MS, both of the second two recommended MS over B5, SH and W media.
Different strengths of MS were compared during multiplication in conventional solid
system (Khan et al., 2004) and during elongation stage in bioreactor system (Pereze et
al., 2004). In both, full strength MS was better than half strength. The objective of this
study was to compare the effect of six media each enriched with two different hormone
treatments (BAP alone at 2.25 mg/l and combination of BAP at 3.25 mg/l and 1AA at
1.75 mg/l) on the in vitro shoot formation, shoot length and weight of Smooth cayenne
pineapple over three different incubation periods (30, 60 and 75 days).

Materials and Methods
Media preparation and culturing

Six different media, CH (Cheng, 1978), DP (Dutcher and Powel, 1972), LS (Linsmair
and Skoog, 1979), MS (Murashige and Skoog, 1962), MT (Murashige and Ticker, 1969)
and N (Nitch, 1972) were prepared from stock solutions (Table, 1). A volume of 1100 ml
of each type of medium were prepared and divided equally into two beakers. BAP (6-
benzyleaminopurine) at 2.25 mg.I™" was added to one of the beakers and combination of
BAP at 3.25 plus IAA (indole acetic acid) at 1.75 mg.I* was added to the other beaker.
The pH adjusted to 5.7 and the content of each beaker dispensed into 27 glass jars (15 x 5
cm) 20 ml per each jar. Agar (0.14 g) was added to each jar to solidify the medium at rate
of 7 grams of agar per liter. The jars were covered with autoclave-able plastic lids and the
media autoclaved at 121 © C and 1.5 kg/cm for 25 minutes. Shoots obtained from stock
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culture was individually cultured one shoot per jar. The jars were then arranged into three
different shelves in incubation room and kept under constant temperature of 25 © C and
photoperiod of 16 hours of light provided by cool white fluorescent lamps

Data collection and analysis

After 30, 60 and 75 days of incubation, nine jars of each hormone-media combinations (3
jars from each shelf) were taken out for data collection. The multiple shoots complex of
each jar was first weighted and then separated into individual shoots for counting the
shoots and measuring of their length. Average weight of shoot computed by dividing the
weight over the number of shoots and average shoot length computed by summation of
length of all shoots and dividing by the number of shoots. Shoot count and average length
and weight of the shoots of each three jars of the same treatment (combination of media
type, hormone enrichment) divided by three and considered as one replicate. Data were
subjected to ANOVA analysis using SPSS statistical package No.11 and the significance
of the means was tested by Duncan Multiple Range Test at p < 0.05.

Results

Three ways analysis of variance (Table, 2) did not detect any significant differences
between the different media on the shoot formation per explant (p < 0.29) and total shoot
weight per explant (p < 0.38). However, the media induced an independent (p < 0.059)
and dependent significant difference via interaction with incubation periods (p < 0.00001)
and hormone (p < 0.021) and collective interaction with both of hormones and
incubations (p < 0.009) in the average shoot length. The average shoot weight was also
under independent influence of media (p < 0.03) but the dependent influence was only
via collective interaction of all of the three factors together (p < 0.03). No significant
difference were detected between the two hormone treatments on shoot formation.
Hormones induced no independent significant effect on shoot formation and did not
interact with the incubation period. However, the hormones affected the shoot length
through interaction with media (p < 0.02) and effect the length and weight of shoot via
collective interaction with media and incubation periods (p < 0.009 and p < 0.03). The
shoot formation and total shoot weight was affected mainly by the incubation periods.
Both of the media and hormones neither had independent nor dependent effect through
interaction with each other or with the incubation periods on the shoot formation and total
weight per culture. The incubation periods was the only factor that had significant
independent effect on all of the four parameters. The shoot length and weight was under
interaction effect of incubation periods with hormones and both of the shoot length and
weight was under collective interaction of all of the three factors. Contrasting analysis, on
the other hand, showed that CH medium resulted in significantly lower shoot weight (p <
0.0115) and higher shoot formation (p < 0.0746) than the other media while MS and MT
resulted in highest shoot weight (p < 0.0235).

Mean separation indicated significant difference on shoot formation, length and
weight among the different combinations. At incubation of 30 days, MT enriched with



EEPIENPR A
g 4 ) Al
dallad) Audl) dlaal)

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal

2017 gk /20 — guidh Zeaibid] 2aad

BAP at 2.25 mg.I™ and LS enriched with BAP at 3.25 mg.I" plus IAA at 1.75 mg.I™
resulted in the highest shoot formation (7 shoots). However, MT enriched with BAP at
3.25 mg.I™" plus IAA at 1.75 mg.I"" resulted in the tallest (11 mm) and heaviest (0.36 g)
shoots. When the incubation was extended to 60 days, the best medium for shoot
formation was CH enriched with BAP alone (10 shoots) or combination of BAP plus IAA
(9 shoots) while N medium enriched with BAP alone induced tallest (10 mm) and
heaviest (0.21 g) shoots of all combinations. After 75 days of incubation, explants
cultured on CH medium enriched with BAP at 3.25 mg.I* plus IAA at 1.75 mg.I*
produced the highest shoots formation (14 shoots) while explants cultured on MT
enriched with combination of the two hormones resulted on the tallest (10 mm) and
heaviest (0.22 g) shoots. Explants cultured on CH and N media produced the most
stunted (6 mm) and lightest (0.10 g) shoots. Overall hormones and media, incubation for
75 days resulted in more (10 shoots) and longer (8 mm), but lighter (0.15 g) shoots
weight while incubation for 30 days resulted in the fewest shoot formation (4 shoots).
Intermediate results obtained after 60 days of incubation (8 shoots).

Discussion

MS medium which is the most commonly used medium for tissue culture was not the
best medium for highest shoot formation and growth of Smooth cayenne pineapple. The
results (Table, 3) showed that at any hormone treatment and incubation period there was
other media which was better than MS. The optimum medium type for pineapple varied
according to incubation period, hormone enrichment and the growth parameter and the
performance of the medium could be reversed from being superior to inferior by using of
different hormone enrichments. After incubation for 30 days, MT medium enriched with
BAP alone and LS media enriched with combination of BAP and IAA resulted in the
highest shoot formation (7 shoots). When MT enriched with combination of BAP and
IAA instead of BAP alone and LS enriched with BAP alone instead of combination of
BAP and IAA these two media resulted in lowest shoot formation (3 and 4 shoots). After
60 days, CH enriched with either BAP alone or with combination of BAP and IAA and
MT and MS media enriched with BAP alone resulted in highest shoot formation (9
shoots). When MT and MS enriched with combination of BAP and IAA instead of BAP
alone these two media resulted in lowest shoot formation (5 and shoots).The performance
of CH medium was not reversed by hormone treatments. After 75 days, CH medium
enriched with combination of BAP and IAA and N medium enriched with BAP alone
resulted in highest shoot formation (14 and 12 shoots respectively). When NN medium
enriched with combination of BAP and IAA and CH enriched with BAP alone the two
media resulted in lowest shoot formation (7 and 11 shoots). The MS was also not
advantageous for length and weight of shoot per explant and total shoots weight per
explant. For production of tallest and heaviest shoots, MT medium enriched with
combination of BAP and IAA and incubated for 30 days was the best choice (11mm, 0.36
g). LS enriched with BAP and incubated for 75 days resulted in higher shoot weight per
explant and total shoots weight per explant than MS medium. MT enriched with BAP and
IAA and incubated for 75 days resulted also in higher total shoot weight per explant but
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equal shoot weight per explant as MS medium. It is clear that suggestion of certain
medium type for pineapple should be in accordance with the intended incubation period,
hormone enrichment and the growth parameter of major interest.

Superiority of medium type seemed to relate to incubation periods and hormone
treatments more than the medium original components. Media with high salt and organic
components (MT, LS) may only required in case of short incubation period (30 days). For
longer incubation (60 and 75 days), medium with low macro element and iron but high
amino acids and vitamins (CH medium) and medium with low macro element and
without vitamins, and amino acids and had no calcium, cobalt chloride and potassium (N
medium) showed superior performance than MS and other media. After 30 and 75 days
incubation and enrichment with BAP alone, N medium resulted in more shoot than MS.
However after 60 days and enrichment with BAP alone and 75 days and enrichment with
combination of BAP and IAA, MS was better than N and all other media type except CH
medium. In both incubations, CH medium was better than MS. The results of media
contrasting (CH vs. MS, MT, LS) and (CH vs. DP, LS, MS, MT, N) indicated that low
iron (6.0 mg.I™) and Na EDTA (7.2 mg.I™) and high myo-inositol (250 mg.I™) of the CH
promoted more shoot formation than the high iron (27.9 mg.I"*) and Na EDTA (37.3 mg.I"
!y of the DP, LS, MS, MT, N media but decreased the shoot weight. Similar, contrasting
media with half and full macro elements (CH, N vs DP, LS, MS, MT) and between media
with and without glycine, nicotinamide and pyridoxine (MS, MT vs. CH, DP, LS, N)
indicated that the macro elements had no effect on the shoot formation but increased the
shoot weight. All other contrasting (Table, 2) of media with high and standard vitamins
(MT vs MS), high and no vitamins (MT vs DP, N) and standard and no vitamins (MS vs
DP, N) and media with and without calcium (N vs CH, DP, LS, MS, MT) indicated that
addition of vitamins and calcium was neither essential for formation nor weight of the
shoots. Variance analysis (Table, 2), on the other hand, showed that hormones and media
neither has independent effect nor significant interaction. The shoot formation was
mainly under the influence of incubation period and collective interaction of all of these
three factors together (incubation, medium and hormone). Since no significant interaction
was detected between any two of these three factors, the collective interaction of the three
factors that induced significant different in shoot formation is most likely due to changes
in chemical environment resulted from selective uptake and release of substance during
the explants growth. On other word, superiority of one medium over the other determined
by the types of these changes that occurred during incubation period more than the type
and amount of the original salt and organic components of the medium. From
Comparison of the components (Table, 1) and results of MS, CH and N media (Table, 3)
we may expect that new medium consist of %2 strength macro and microelements and 1/3
iron and 1/6 Na EDTA of that of MS and no calcium and organic components would be
very appropriate for multiplication of pineapple. It may result in higher shoot formation
and on the same time reduce the cost of multiplication medium.
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Table (1). Minerals and organic components (mg/l) of different media.

Compounds (mg/l) Media Type
CH DP LS MS MT N

Macroelement

NH;Nos 825 1650 1650 1650 1650 725
KNo; 950 1900 1900 1900 1900 950
CacL.2H,0 220 440 440 440 440 0
MgSo,.7H,0 185 370 370 370 370 185
KH2Po, 85 170 170 170 170 88
Iron sources

NaEDTA 7.2 37.3 37.3 37.3 37.3 37.3
FeSo,.7H,0 6 27.8 27.8 27.8 27.8 27.8
Microelements

MnSo,.4H,0 11.4 44 2225 2225 2225 25
ZnS0,.7H,0 10.6 17 8.6 8.6 8.6 10
H3Bos 6.2 12 6.2 6.2 6.2 10
Kl 0.8 0 0.83 0.83 0.83 0
NaMo0.2H,0 0.4 0.5 0.25 0.25 0.25 0.25
CuSo0,4.5H,0 0.02 0.05 0.025 0.025 0.025 0.025
CocL.6H,0 0.02 0 0.025 0.025 0025 O
Vitamines and amino acids

Thiamine-Hcl 2.5 0 0.4 0.1 10 0
Nicotinamide 0 0 0 0.5 5 0
Pyridoxine-Hcl 0 0 0 0.5 10 0
Isoinositol 250 0 100 100 100 0
Glycine 0 0 0 2 2 0
Carbohydrate

Sucrose 30000 30000 30000 30000 50000 20000

CH (Cheng, T.Y. 1978); DP (Dutcher, R. D. and L. E. Powel. 1972); LS (Linsmair, E. M.
and F. Skoog. 1979); MS (Murashige, T. and F. Skoog. 1962); MT (Murashige, T. and
D. P. H. Tucker. 1969); N (Nitch, J.P. 1972).
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Table (1). Significant of main and interaction effect of the media, hormone and
incubation periods on shoot formation and growth of Smooth cayenne pineapple.
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Factors df Shoot / explant

Number Length (mm) Weight(g)  Total wt.(g)

p values

Incubation periods 2 5.71E-13**  0.0217 * 0.0058 ** 5.27E-09 **
Hormones 1 0.3984 0.3109 0.5417 0.9131
Media 5 0.2893 0.0592 * 0.0324 * 0.3844
Contrast
CHvs DP, LS, MS, MT, N 1 0.0746 0.1042 0.0115* 0.3528
CH,DP, LS N vs MS, MT 1 0.7848 0.1459 0.0235 * 0.1677
CH, Nvs DP, LS, MS, MT 1 0.3005 0.0263 * 0.0122 * 0.0836
MS vs MT 1 0.8936 0.2720 0.5372 0.4851
MS vs DP, N 1 0.7573 0.8736 0.4129 0.4631
MT vs DP, N 1 0.8772 0.1544 0.1274 0.1253
N vs CH, DP, LS, MS, MT 1 0.6288 0.2283 0.5136 0.2047
Incubation*Hormones 2 0.5059 0.4570 0.8311 0.8869
Incubation*Media 10 0.3129 0.00007 ** 0.0893 0.8323
Hormone*Media 5 0.1402 0.0213 * 0.0798 0.8015
Incubation*Hormone*Media 10 0.3307 0.0096 ** 0.0277 * 0.9418
Error 72
Total 108

10
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Table (3). Effect of different media types, hormone treatments and incubation periods on
the shoot formation of Smooth cayenne pineapple

Hormone treatments  Incubation Media
(mg /L) (Days)  CH DP LS MS MT N
Shoots/explant

BAP (2.25) 30 4 efg 29 4 efg 3fg 7 bede 5 defg
60 10 abcd 8 abcde 5 defg 9 abcd 9 abcd 7 bcde
75 11 abc 11 abc 10 abcd 10 abcd 9 abcd 12 ab

BAP (3.25) IAA (1.75) 30 5 defg 4 efg 7 bcde 3fg 3fg 4 efg
60 9 abcd 8 abcde 7 bcde 5 defg 7 bcde 6 cdef
75 l4a 9 abcd 9 abcd 13ab 8 abcde 7 bede
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