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Abstract

Agriculture is considered to be one of the most important sectors of the national income
and food security in Palestine. It's located mainly in Lower Jordan Valley, Tubas, Jenin,
Qalgleih, and Tulkarem. There is a serious need to develop this sector by improving the
ways of irrigation and the quality of water used. Lower Jordan Valley depends on ground
water for irrigation which contains high levels of salts. The increase in water salinity has
negative impact on soil structure, decrease permeability and soil aeration, and also reduces

crops diversity and crops yield.

This problem was solved by using Magnetic Water Technology. The technology of using
magnetized water in the irrigation of different crops is widely used nowadays. This
technology has a great impact on decreasing soil salinity, resulting in an increase on water
productivity and fresh yield of plants.

In the current pilot project, the work was directed toward using magnetized water in the
irrigation of medical herbs (Oregano and Terragon). The global increase on the demand of
medical herbs makes the Lower Jordan Valley area an attractive field for growing medical
herbs during cold winter months (2012/2013). The studied herbs were planted in
greenhouses. For each crop (Oregano and Tarragon) two greenhouses were planted, one
was irrigated by magnetized water and the other by controlled water (untreated water).
During two months, the height, major and minor branches, crops yield, water productivity
and chlorophyll and water contents were measured, in order to be studied. The soil
electrical conductivity was measured for both soils (treated and controlled) using EC
meter. After recording and analyzing data, it was found that the magnetic treatment of
water has a positive effect on increasing the fresh yield, water productivity, water and
chlorophyll contents, and fresh root biomass for both Oregano and Tarragon. The influence
of magnetized water on Tarragon was less than that on Oregano which indicate that
Tarragon is more resistant to salinity than Oregano.

There was a decrease in the number of blocked drippers for treated water compared to
controlled water for both medical herbs. Based on these results, the number of damaged
seedlings was higher in the greenhouse irrigated by controlled water for Oregano

but unlike expected the number of damaged seedlings was lower in the greenhouse
irrigated by controlled water for Tarragon. In addition it was found that the salinity of soil

was decreased when using magnetized water.
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List of Abbreviation:

Abbreviation

Full Name

kg/ m3 Kilogram per cubic meter
MCM Million cubic meter

LIV Lower Jordan valley

mm/a Millimeter annually

mS/cm Milli-siemens per centimeter
MoA Ministry of Agriculture

RO Reverse Osmosis

FAO Food and Agriculture Organization of the United Nations
C Control

T Treated

MWT Magnetic water treatment
TDS Total Dissolved Solids

EC Electrical Conductivity

m3 Cubic meter

m3/h Cubic meter per hour

NPK Nitrogen phosphorus potassium
m3/dun Cubic meter per dunum

gm Gram

ml Milliliter

AQU Al-Quds University

mg Milligram

cm Centimeter

kg Kilogram

kg/dun Kilogram per dunum

Na Sodium

Mg Magnesium

Ca Calcium

Cl Chloride

m Meter

m? Meter square

km? Kilometer square

nm Nanometer

kw/m?® Kilowatt per cubic meter
uS/cm Micro Siemens per centimeter
MW Magnetized Water
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Chapter One:

Introduction

1.1 Introduction

In the West Bank local water sources (spring water and borehole water) cover about
65% of Palestinian water needs, which is about 150MCM\a. (PWA, 2010). Lower
Jordan Valley (LJV), Tubas, Jenin, Qalgleih, and Tulkarem are the main areas where
agricultural activities are concentrated. (MoA, 2011). This sector consumes about 65%
of the local water sources. At least 70% of the LJV inhabitants depend mainly on
agriculture, which is considered as the second source of the national gross income.

Because of that the Ministry of Agriculture and other organization support this sector.

In LIV the ground water from Plio-Plistocene Shallow aquifer system is considered as
the major water source for agriculture. In LJV most farmers adopted many irrigation
technologies, such as drip irrigation; they use the boreholes groundwater from different
resources for agriculture activities without any treatment before use even though this

water is classified to be saline water.

LJV spring drain water from a karstic Mountain carbonate aquifer system with high
fluctuation discharge rate (Guttman, 2007), and most of agricultural activities depend
on covering its water needs on groundwater from boreholes. The depth of these
boreholes ranges between 100 and 150 m below the surface and the salinity ranges
between 2.5 and 5.5 mS/cm (Manasra, et al. 2013). In general the groundwater salinity

increases during the last few decades three folders and this phenomena relates to the



limitation of natural groundwater replenishment and over-pumping from the shallow

Plio- Pleistocene aquifer system (Manasra, et al. 2013).

Herbs like Oregano, Thymine, Tarragon, Salvia and other medical plants are well
known herbs by the population in the Eastern part of the Mediterranean Basin, and are
historically still used in traditional medicine for many centuries (Yesilada, et al. 1995,
Saad, et al. 2005, Azaizeh, et al. 2008). Medical herbs are also used in cosmetic, herbal
tea, species, liqueurs, insecticides, fungicides and pharmaceutical industry, and its
essential oils can inhabit the growth of moulds and food borne bacteria (Paster, et al.
1990). (Alcicek, et al. 2004, Symeon, et al. 2009), reported also an improvement of

broiler growing by adding wide medical herbs to the dietary.

In Europe, the cultivated area with medical herbs was about 70000 hectares. France,
Hungary and Spain are the main producers. On the other hand, in 1996 the European
countries imported about 440 000 ton of medical herbs which is about ¥ of the global
production at a value of 1.3 billion US$(Farnsworth and Soejarto 1991, Lange 1998)

The natural growing locations of these herbs in the West Bank are along the mountain
ridges where semi humid to semi-arid climatic zones dominate. In these zones the
annual rainfall is higher than 350 mm((Azaizeh, et al. 2006). Due to the high demand of
local and international markets for medical herbs especially during winter season,
Palestinian farmers started to cultivate medical herbs for few years ago in the area of the
Lower Jordan Valley. Increasing of water salinity is the major obstacle facing the
development of expanding growing medical herbs. Table 1 present types of medical
herbs cultivated in the Lower Jordan Valley and related cultivated area in donum (one

donum is 1000 m?2)

Table 1: Medical Herbs cultivated area in the lower Jordan Valley for five years (2009-2013)

Herbs Type Area in dunum
Mint 20

Tarragon 10

Oregano 12

Sage 15

Basilica 71

Rosemary 50

Oregano (Persian) | 18

Total 196




Using saline water for irrigation changes the soil structure, decreases permeability and

soil aeration which has bad effects on crop diversity (crop yield, crop quality ...).

In order to treat saline water, the ministry of agriculture established a water treatment
plant in LJV depending on the common reverses osmoses (RO) technology. This
technology needs high investment, replacement parts, chemicals, electricity, and brine

products.

The United Stated Agency for International Development (USAID) started a pilot
project of using magnetic treated water in irrigation of two medical herbs, Oregano, and
Tarragon in the LJV. The main objective was to test the effect of using magnetic treated
water in irrigation on the yield of these two crops under field condition. This type of
treatment is expected to have a high efficient influence on agriculture production,
overcome the problem of water resources limitation and salinity, and decrease the

hazardous impact on the surrounded environment.
1.2 Problem Statement

For ages Al-Uja is considered to be one of the main agricultural settlements of the
human species. The mild climate during winter, the fertile soil and the availability of

water have made this area attractive for agricultural activities.

Nowadays, the agricultural sector in this area is facing major impediments related to the
high water salinity as the salinity of groundwater increased during the past 40 years
from less than 1000 uS/cm to about 6000 pS/cm due to the limitation of recharge rate
over exploitation and the up conning of brines. (Marie 2001, Khayat 2006, Sobeih 2006,
Amer 2013).

1.3 Objective

Major Objective
To study the impact of using MWT on yield and quality of herbs yield.
Minor Objective

1. To study the impact on irrigation infrastructure (clogging of dripper).

2. To study the impact of MW on soil salinity.



Chapter Two

Study Area

2.1 Study Area

Al-Uja is a Palestinian town in Jericho. It is located at an elevation of -220m in the
west, t0-280m below the sea level. Its coordination is from 151800 at the north to
196900 to the east. Its considered as a part of shallow lower eastern aquifer. Its
catchment is about 170km?. The annual amount of direct rainfall reaches about 156mm

in this area.
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Figure 1: Geographical map for the study area location.

The combination of its location, warm weather and availability of water, makes AL Uja

one of the main important centers of agriculture.

Less than 5000 capita live in AL Uja. They depend on spring water for domestic and
agricultural use. In this agricultural community, there are around 9 agricultural wells.
Unfortunately the water in these wells is highly saline. (PWA, 2008).
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Figure 2: Salinity distribution in Al Ujaarea, SMART-project (Marei.A, et al 2011).

2.2 Geology of the Area

AL-Uja has various geological formations. Alluvium formation, Lisan and Samra
formation, and chalk and chert formation are the main dominant formations of this area.
The climate of Al Uja area is classified as arid which has hot summers and warm

winters.



Chapter Three

Literature Review

3.1 Magnetic Water Technology (MWT)

Magnetic water technology is a new technology which is used to overcome the high
salinity in irrigation water. This technology requires less investment, is decentralized
and mobile, requires minimum replacement parts, has a low maintenance cost and uses
solar clean energy. Discovery of magnetic water therapy back to 1803 by natural
magnetic rocks. Faraday (1863) started researches on MW treatment. Since then a lot of
researches have been done. The MWT is based on the vibration of water molecules that
surrounds the salts ions, which splits the water molecules cluster. Therefore, the
entrapped salt particles become unbound and have the ability to move outside the water

cluster.

The magnetic water also allows the salt particles to form nucleation centers. This
centers form platelets that avoid the formation of hard crystal residual. Converted
dissolved minerals under saturated condition into a mixture of micro crystal (under
saturation) allow the water to dissolve additional minerals through its pathway. This
phenomena can be utilized for opening clogged drippers and for washing salts from the
upper soil horizon. Another characteristic of treated magnetic water is its low surface
tension, which allows the water move faster within the upper soil horizon penetration
the soil quickly and reaching the plant uptake zone in a shorter period. Also, the
reduction of surface tension may increase water absorption through the cell wall and
thus accelerate the growth rate of the growing part of the plant (Kronenbreg 1985,
Parsons 1997, Banejad. and Abdosaleh 2009).
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Figure 3:Water molecules. Dipole Effect of magnetic field on water molecules: a-

thermodynamically stable water clusters, b-water molecules after passing through a magnetic

field. c- Structure of molecule cluster of water. (Mcmahon, 2009)

The following tables show the differences between magnetic water and reverse 0smosis

treatment in several aspects.

Table 2: Magnetic water treatment versus reverse 0smosis

Comparison aspect Magnetic Water Reverse Osmoses
Investment Low High

Mobility Yes No

Infrastructure Low Investment high Investment
Energy Solar Energy Electricity Network

Maintenance

Doesn’t need

Need

Impact on Environment

Eco-friendly

Produce Brine water

Sustainability

Average Life time is high

Average Life time is Low

Initial Cost | Infrastructure Energy/m3 Chemicals
Reverse 150000% 10000$ 0.4kw/m?® 1L of anti-calcination
Osmoses 8%$/day
Magnetic water | 25000% 1000-3000% 0.0 0.0




3.2 Previous Studies

There are many previous studies that are conducted to examine magnetic water and its
use in many areas such as industry, agriculture and day life. Some of these studies and

their result are illustrated as follow:

e Lin, 1990; magnetic treatment affects the quality of irrigation and drinking water. It
was shown that treated water contributes to increase in farm yields in both livestock
and crop farming yield being expressed in the quantity and quality of the production
and in the specific economic contribution.

e Muraji et al. 1992 studied the effect of exposing the maize seedling, and he
reported that the highest growth rate of maize roots to 5 mT magnetic fields, of the
root growth.

¢ Kinouchi, Yamaguchi et al. 1996; Aladjadjiyan 2002; Esitken 2003 reported that
using of magnetic water can decrease the soil alkalinity, increase the mobility of
fertilizers, and increase the yields.

e Parsons,1997; Experiments have focused on establishing whether magnetism has an
effect on calcium carbonate precipitation and, if so, identifying the parameters
promoting magnetic amelioration of scaling. The research programme comprised a
fundamental and systematic study of the magnetic effect on scalants such as calcium
carbonate in which strict control of critical parameters were maintained

e Bogatin, Bondarenko et al. 1999 studied the effect of magnetic treatment of
irrigation water on the quality of irrigation, and he found that the flow rate through
the apparatus, water carbonate hardness of more than 50 mg and pH value of more
than 7.2 are important factors affecting the impact of treatment.

e Brower,2005; when a properly designed magnetic water system is correctly sized,
installed and maintained on a cooling tower or any water-using equipment within its
limitation, hard water scale and corrosion can be controlled at least as effectively as
any other method presently being used in the industry.

e Amiri,2005;investigatethe validity of reduction surface tension of water due to
magnetic field treatment .

e Alami Fathi,2006; the effect of magnetic field on the precipitation process of

calcium carbonate scale from a hard water was studied. It was shown that the



magnetic treatment increases the total amount of precipitate. This effect depends on
the solution pH, the flow rate and the duration of the treatment.

Ali Fathi,2008;to study the effect of a magnetic water treatment on homogeneous
&heterogeneous precipitation of Calcium Carbonate.

Selim,2008;evaluate the effectiveness of magnetizing underground brackish water
to increase the applicability of water for irrigation, salts accumulation in soil,
mobility of nutrients elements in root zone

Nasher, 2008; reported also an increase on the growth of chick-pea crop.

Banejad, 2009; to survey of magnetic field effects on changing of water hardness.
This research has considered effect of changing of magnetic field intensity, and
amount of water influent on water hardness reducing.

Maheshwari, 2009; his study examines weather there are any beneficial effects of
magnetic treatment of different irrigation water types on water productivity and
yield of snow pea, celery and pea plants. The results indicate that there are some
beneficial effect of magnetically irrigation water, particularly for saline water and
recycled water, on yield and water productivity of celery and snow pea plants and
controlled environmental condition.

Toshiaki Osuga, 2009; elucidate the magnetic field transfer and relate it to
experimental finding.

Ran Cai, 2009; study the impact that magnetic treatment exerts on water
microstructure using proton NMR spectroscopy. The magnetic water treatment was
used to examine the effects on the physiochemical properties (surface tension &
viscosity) of water passing through a magnetic field orthogonally in circulation, &
determine the formation of hydrogen bond and the restructure of water cluster based
on the change of water intermolecular energy. Finally, the present data demonstrated
the variation of the mean size of water clusters after magnetic treatments.
Amira.m.s, 2010; to study the effect of irrigation with magnetized water on growth,
yield, yield components and some chemical constituents of lentil under greenhouse
condition.

Hozayn,2010; his work was carried out to study the response of growth, yield,
yield components and some chemical constitute of wheat for irrigation with
magnetized and tap water under greenhouse condition during 2008/09

and2009/2010 winter seasons. He concludes that magnetized water treatment
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increased yield and yield component at harvest and improved quantity of wheat
crop.

Abdul Qados,2010; she compares between irrigation with magnetize and tap water
on growth, yield, yield components and chemical constituents of lentil. Irrigation
lentil plant with magnetized water significantly improvement the most above
mentioned parameter compared with tap water.

Abdul Qados 2011;also reported an improvement irrigated Lentil plant with treated
magnetic water in term of plant height, fresh and dry weight, water contents
chlorophyll a, a+b, total pigment, total phenol.

Al-khazan,2011;investigate the biological effect of magnetically treated water
under different water regimes on water relations ,photosynthetic pigments and
nutrients of jojoba plants.

Mustafazadeh-Fard, 2011; this study was performed to investigate soil moisture
under trickle irrigation. The study concludes that irrigation with magnetic water as
compared with the nonmagnetic water increased soil moisture up to 7.5%. And it
recommended using magnetic water for irrigation in order to save irrigation water.
Ul Haqg, Jamil et al. 2012: reported also an increasing in seedling growth, yield,
plant height, root mass of Radish using Pre-sowing magnetic field water treatment.
Pirzad, Shokrani et al.2013:reported an improvement of using magnetic saline

water on germination and seedling growth of Lathyrus Sp.
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Chapter Four

Methodology

4.1 Selection of Site

The pilot project was carried out in cooperation with THIMAR-company in Al Uja area.
For each crop (Oregano, and Tarragon) two greenhouses were selected to study the
effect of using magnetic treated water in irrigation. The selection criteria followed the
randomized experiment design, where 500 m2 greenhouse was selected as treated and
also the same area as controlled studies (Table 3). To avoid any effect of treated water

on the control greenhouses, treated greenhouses were irrigated through a separate

irrigation system.

The soil pH-value was 7.5, the electrical conductivity of the soil was 550 pS/cm. Soil
consist of 44% sand, 42% silt and 14% clay, and the soil texture consider Loam to clay
Loam soil type. This pilot project study is one five USAID- pilot projects sites across

the LJV for studying the effect of using treated magnetic water in irrigation of different

crops (Bell Pepper, Grapes, Date trees, Beans) .

Table 3: Characteristic of herbs pilot project site in Al Uja

Item Description Item Description

Soil type Loamy soil Type of cover Greenhouse

Water salinity 3.45 mS/cm Growing September 2012
duration until April 2013

Total volume of
irrigated treated

650 m3/donum

Total volume of
irrigated non

650 m3/donum

treated Plants

control Plants

water treated water
Irrigation method Drip irrigation | Water salinity 3.45 mS/cm
No. of traced 25 No. of traced 25

Four blocks of land were selected to conduct the Oregano and Tarragon plantation. Two
blocks were irrigated with treated magnetic water, where the second two blocks were

irrigated with non-treated water. The four blocks were handled under the same
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conditions concerning fertilizers, pesticides, except using treated magnetic. Water
salinity was checked in the field in a regular base every 10 days, where no remarkable

changes in the salinity is noticed

Tarragon Oregano
Water

\/ \/ \/

MW

Figure 4: Explanatory Map of the location.

4.2 Magnetic Treatment

Water taped from 110 m deep borehole was used for irrigation with an average
temperature of 18 °C. Average groundwater salinity was 3.45 at 25 °C. This water pass
through a magnetic device from Aqua 4-D (Swiss company) in a rate of 15 m3/h, while
the maximum treatment capacity for this device is 20 m3h (2 inches, output 20 m3/h).
Magnetic water had to flow only 5 to 15 meters distance to reach the target greenhouses

because the water preserve its magnetic properties only a period not exceed 2hr.
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Pretreatment of both sites was carried out before plantation of Oregano and Tarragon

seedling tock places. Figure 5 show the Aqua 4D.

804 mm -
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qu?
Figure 5: Aqua 4D

The plantation was conducted at the 21 of September 2012 and 10 of October 2012
for Tarragon and Oregano respectively, where the first harvesting date was at 4 of
December 2012 and 3 of January 2013 respectively. Representative seedling were
randomly selected to present the growing cob, these were traced. All monitoring
parameters were carried out on these traced seedling. In order to be sure that the
number of seedlings is representative, measurements of seedling height were carried
after 20 days of plantation and the final number of traced seedling was fixed for the
rest of the pilot project. We decided to accept an error of 5% for seedling height,

where the following formula was used:
)
m=|—
e
Where:
m: the optimum number of samples

e: is the degree of error.(5%)

C,: is the coef ficient of variation is determined by:
C, = (o/x) * 100%.

Where o: is the standard deviation.

X: is the average of sample.
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4.3 Irrigation Scheduling

Drip irrigation method is used in watering the Herbs seedlings. The irrigation
scheduling was applied by the farmer in a form business as usual. The volume of treated
magnetic water applied per donum of Herbs was 650 m3/donum for treated and 650
m3/donum of non-treated water for controlled block the water volume was measured
using flow meter. During the same period, the same recommended NPK fertilizers were

applied equally to both treated and controlled blocks.

4.4 Laboratory Work

Chlorophyll content and weight of fresh root mass were carried out at the
Environmental Research laboratory at Al Quds University (AQU) (Table 4). Herbs
roots were cleaned with water from soil, and then dried at 25° C room temperature
before weighting.

4.5 Data Collection and Analysis

Plant height, number of branches (major and minor), yield were observed in the field,
where chlorophyll content, root mass, and shelf time were carried out at the
Environmental Research lab at Al Quds University (AQU) (Table 4). The volume of
water used in irrigation of controlled and treated blocks was calculated based on
m3/donum area. Water productivity was calculated based on fresh weight of Herbs in
kg/m3 of water used. Monitoring of crop height, number of major branches were
conducted manually in the field. SPSS-software (Coakes and Steed 2009) was used in

analyzing the collected data, where t-test and t-samples paired test was applied.

Table 4: Type of measurements carried on Herbs crop

Parameter Method

Plant height, Metric method in the field

Number of branches Manually counting in the field

Dry weight of root Using balance with uncertainty of 0.5gm

Shelf time Using special bag to conserve the herbs in refrigerator
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4.6 Soil Analysis

To study the effect of MW on soil salinity few samples of soil were taken from different
depths, drained and grounded. Then for each soil sample distilled water was added in
amass volume ratio of (1:5) for example 10gm soil to 50 ml water, each sample was
shake vigorously for few minutes to ensure that all salts were dissolved. The mixtures
was then allowed to settle down for about 2hours before testing.

e Soil Salinity(soil EC):
EC meter (AD32 EC (shown in figure 6) was used to measure soil electrical

conductivity.

Figure 6: AD32 EC
e Measure of Major Elements in Soil:

v' Measuring Sodium, Magnesium, and Calcium:
For measurement the concentration of Na*, Mg*? and Ca*2. the soil solution was
filtered off, and the filtrate was examined using atomic absorption spectrometer.
v" Measuring Chlorine:
For measurement the concentration of CI". the soil solution was filtered off, and

the filtrate was examined via precipitation titration using silver nitrate.

4.7 Total Chlorophyll Content

The chlorophyll content was evaluated using 10 replicates according to Arnon (1949)
0.2 g pieces of fresh leaves was added to 10 ml acetone (80%), incubated for 30 minutes
in ultrasonic bath, followed by overnight incubation at room temperature. then

incubation was for 30 minutes in Ultrasonic bath, second addition of 10 ml acetone
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80%, for the third time the solution was incubated for 30 minutes in ultrasonic bath and

finally incubation for 4 hours, followed by 30 minutes in ultrasonic bath.

The volume of the supernatants was completed with acetone (80%) to 50 ml. Detection

was carried out at 645 nm and 663 nm using spectrophotometer.
Recorded numbers were applied on the following equation:
mg chlorophyll /0.2gm fresh weight =20.2A645nm +8.02A663nm

Then the values were calculated for 1 gm fresh weight by dividing them on 0.2.
4.8 Dry Biomass

Two methods were used:
v Using oven:
Plant samples (each sample about 100gm) was dried in oven at 85C for 24
hours

v Samples were dried at room temperature for few days.

4.9 Statistical Analysis

Two types of test were used ; these are 1. _Independent -t- test: the normality

assumption of the studied parameters is tested according to (Shapiro and Wilk
1965), if its normal distributed, the independent t-test was applied, and when it's not
normally distributed the equivalent nonparametric test was applied (Mann-Whiteny
test (Tallarida and Murray 1986). The second one is the Related test: in this method
the normality assumption of the studied variables was tested according to Shpiro
Wilk test. The appropriate test was used to check the difference between each
variable in control and treatment samples, if its normal distributed, the paired
sample t-test was used, and when the distribution was not normal the equivalent

nonparametric test was applied (Wilcoxon Test).
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Chapter Five

Results and Discussion

The impact of using magnetic water treatment on herbs crops, soil properties was
observed over the full growing season and the results here shown this impact.

5.1 Yield of Crops

There was a clear positive effect of using magnetic treated water on the yield based on
its weight. The yield of one donum irrigated with treated magnetic water was 990 kg
and for the controlled greenhouse was 784 kg for Oregano crops. The irrigation of
Oregano crops with magnetic treated water caused an increase of about 26% in the
Oregano. On the other hand, the yield of one donum irrigated with treated magnetic
water was 1361 kg and for controlled greenhouse it was 1295 kg for tarragon crops, the
irrigation of Tarragon with magnetic treated water caused an increase of about 5% in the
Tarragon even though of the number of seedling in treated unit is less than that in

controlled unit. Yield on fresh weight is shown in Table 5.

Table 5: Cultivated area, number of seedling, and yield in kilogram

Oregano Tarragon

Control Treated Control Treated
Area in donum 05 05 0.5 0.5
No. of seedling in| 6571 6605 6350 5650
greenhouse
Yield in kg /donum 784 990 1295 1361
Difference kg/donum 206 66
Difference in % 26% 5%
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5.2 Water Productivity
Water productivity is defined as the crop yield per unit volume of water.

For Oregano, the total water production per one cubic meter of water during the
growing season 2012/2013 was 1.5 kg/m?® for treated, and 1.2 kg/m? for controlled
greenhouse. This result shows that there is a clear increase in the water productivity
based on the yield by applying magnetic treated water. Based on 2009 published data
from the Palestinian Statistical Bureau, 12 donum of Oregano were growing under
greenhouses condition in the Lower Jordan Valley. Assuming that the average yield
could be 990 kg/donum, then the total production could be (990*12) 11880 kg of
Oregano. According to the pilot project, a total increase in the yield of about 2472 kg
could be expected by using treated magnetic water.

For Tarragon, the total water production during the growing season 2012/2013 was 2.1
kg/m? for treated, and 2 kg/m?® for controlled greenhouse. This result shows that there is
a slight increase in the productivity of the yield by applying magnetic treated water.
Based on 2009 published data from the Palestinian Statistical Bureau, statistics showed
that 10 donums of Tarragon were growing under greenhouses condition in the Lower
Jordan Valley. Assuming that the average yield could be 1361 kg/donum, the total
production could be (1361*10) 13610 kg of Tarragon. According to the pilot project, a
total increase in the yield of about 660 kg could be expected by using treated magnetic

water.

To conclude if the herbs were irrigated by magnetic water, the yield will increase and so
the economic income will increase. The average price of one kg of Oregano is 16 NIS,
and for Tarragon it is 24NIS. If all planted areas (with Tarragon and Oregano) are
irrigated with MW, the economic income will increase by 39552NIS (about 11632US$)
for Oregano, and 15840NIS (about 4658US$) for Tarragon herbs.

5.3 Dry Weight of Roots

Applying magnetic treated water had also positive significant effect on the biomass of
Oregano and tarragon fresh weight roots, for it had an increase of about 6.4% in treated

Oregano fresh weight roots compared to the controlled Oregano, while for Tarragon it
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had an increase of about 19.4% in treated tarragon fresh weight roots compared to the
controlled Tarragon. The sample we had treated gives average weight of fresh root
biomass irrigated with treated magnetic water 79.2 gm compared with 69.95gm of non-
treated Oregano on the other hand the average for the Tarragon irrigated by magnetic
water was 51.4g and that for non-treated tarragon was 34.8gm. Table 6and table 7

shows the root biomass in gram for both Oregano and Tarragon respectively.

Table 6: Treated and controlled root bio-mass in gram for Oregano.

Date/samples No. of Biomass for root
samples (m= d)gm
29/5/2013 Treated 5 91.0+23.3
Control 5 93+34.9
1/6/2013 Treated 5 30+9.5
Control 5 31+16
5/6/2013 Treated 4 84.3+22.3
Control 4 64.5+34.4
11/6/2013 Treated 5 113.8+26.6
Control 5 90.2+28.6
Average Treated 19 79.2+39.1
Control 19 69.95+39.9

Table 7: Treated and controlled root bio-mass in gram for Tarragon

Date/samples No. of samples Biomass for root
(m + 8)gm
11/6/2013 | Treated 34 51.4+29.3
Control 28 34.8+22.6
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5.4 Shelf Time

We selected 100 grams randomly from each sampling campaign (100gm from each
herb) (Table 8). We stored the samples at 4 °C. After about twelve days of storing, the
Oregano and Tarragon samples were evaluated optically. The results of this experiment
was not clear, because it depends on the optical observation of the herbs which is a
difficult procedure. In general both treated and control samples got damaged within the
same period of time. Table8 and table 9 show the duration for both Oregano and

Tarragon respectively.

Table 8: Sampling date, and duration of Shelf time ant 4 °C for Oregano

Date of sample Type of sample Date of damage
15/1/2013 T 27/1/2013
C 27/1/2013

20/3/2013 T 2/4/2013

C 2/4/2013

4/8/2013 T 16/8/203
C 16/8/2013

Table 9: Sampling date, and duration of Shelf time ant 4 °C for Tarragon

Date of sample Type of sample | Date of damage
31/1/2013 T 10/2/2013

C 10/2/2013

13/3/2013 T 25/3/2013

C 25/3/2013

18/4/2013 T 29/4/2013

C 29/4/2013

15/5/2013 T 1/6/2013

C 1/6/2013
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5.5 Plant Morphology (Height and Major- and Minor Branches)

5.5.1 Oregano Morphology

The height of representative seedling samples was measure in the field. Table 10

summarized a comparison between the treated and the controlled samples. There is no

significant difference in the height between treated and control samples. on the other

hand, there is a significant difference (less than 0.05) between the number of major

branches for the advantage of treated seedling during the sampling campaign 20-11, 28-
11, 5-12, and 12-12/2013. This means that the number of major branches of the treated

Oregano seedling is more than that of controlled seedling. By comparison it was found

that there is no significant difference between the minor branches between treated and

controlled samples.

Table 10: Summarized results of different parameters (H: height, Major branch, Minor branch
of Oregano

Independent T-test

Related Samples test

Variable

Significant value

significant or not

Significant value

significant or not

H1 0.182 not significant 0.222 not significant
H2 0.273 not significant 0.143 not significant
H3 0.883 not significant 0.627 not significant
H4 0.128 not significant 0.147 not significant
H5 0.216 not significant 0.153 not significant
H6 0.613 not significant 0.513 not significant
Major B1 0.878 not significant 0.630 not significant
Major B2 0.027 significant 0.062 not significant
' treatment>control

Major B3 significant 0.019 significant

0.002 treatment>control treatment>control
Major B4 significant 0.009 significant

0.001 treatment>control treatment>control
Major B5 significant 0.014 significant

0.000 treatment>control treatment>control
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Major B6 significant 0.022 significant

0.001 treatment>control treatment>control
Minor B1 0.213 not significant 0.151 not significant
Minor B2 0.953 not significant 0.775 not significant
Minor B3 0.082 not significant 0.128 not significant
Minor B4 0.332 not significant 0.502 not significant
Minor B5 0.225 not significant 0.219 not significant
Minor B6 0.264 not significant 0.191 not significant
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Figure 7: Height of Oregano for both control and treatment group
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Figure 9: Number of minor branches of Oregano for both treatment and control group
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Figure 10: Growing rate for both treatment and control group

5.5.2 Tarragon Morphology

The height of representative seedling samples was measured in the field. Table 11

summarized a comparison between the treated and the controlled samples. we can see

that for the studied variables, the height of the tarragon at 22-10 between control and

treatment group was significant as sig = .028 and it’s less than .05, which means there is

a significant differences between the length of the tarragon at 22-10 in the control and

treatment group, but there is no significant difference in the height and number of major

and minor branches between treated and control samples.
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Table 11: Summarized results of different parameters (H: height, Major branch, Minor branch)

for Tarragon

Variable | Independent T samples Related Samples
Significant significant or not Significant | significant or not
value value
H1 0.028 significant 0.029 significant
(control>treatment) (control>treatment)

H2 0.075 not significant 0.106 not significant
H3 0.056 not significant 0.172 not significant
H4 0.702 not significant 0.728 not significant
H5 0.424 not significant 0.298 not significant
H6 0.487 not significant 0.383 not significant
Major B1 | 0.422 not significant 0.323 not significant
Major B2 | 0.959 not significant 0.769 not significant
Major B3 | 0.370 not significant 0.266 not significant
Major B4 | 0.467 not significant 0.373 not significant
Major B5 | 0.306 not significant 0.317 not significant
Major B6 | 0.174 not significant 0.197 not significant
Minor B1 | 0.520 not significant 0.510 not significant
Minor B2 | 0.167 not significant 0.459 not significant
Minor B3 | 0.448 not significant 0.216 not significant
Minor B4 | 0.921 not significant 0.945 not significant
Minor B5 | 0.760 not significant 0.898 not significant
Minor B6 | 0.268 not significant 0.183 not significant
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5.6 Dried Biomass

5.6.1 Dried Biomass for Oregano:

Three fresh Oregano samples were dried at 25 °C (room temperature) for twelve days.
Table 10 presents the fresh and the dry weight after twelve days in gm. The result
indicates that treated Oregano samples contain higher percentage of water from its
weight. It's lost about 60% from its weight, where the lost by the controlled samples was
56%. This phenomena can explain the high treated crops yield, that because the treated

samples contains higher water amount than the controlled samples. So it's recommended
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to sell fresh herbs and not dried ones. Table 12 shows the biomass of fresh and dried of

Oregano herbs.

Table 12: Biomass of fresh and dried Oregano Herbs after 12 days

Date of sample | Type of | Fresh Dray weight % of weight lost
sample weight (gm) (gm)

15/1/2013 T 100 40 60%
C 100 45 55%
2/4/2013 T 70 30 57%
C 70 35 50%
11/4/2013 T 100 40 60%
C 100 45 55%

5.6.2 Dried Biomass for Tarragon:

Three fresh samples of Tarragon were dried at (25 °C) for 30 days, and three fresh

samples were dried by using oven at (85 °C) for (24 h). The results indicate that treated

Tarragon contains higher percentage of water. It lost about 86.9% of its weight while

the lost by controlled sample was 85.5% of its weight. Table 13 shows the biomass of

fresh and dried of Tarragon herbs.

Table 13: Biomass of fresh and dried of Tarragon Herbs.

Date of | Type of | Fresh weight Number of Dray weight % of
sample sample (gm) sample (gm) weight lost
13/3/2013 T 100 3 13.9 86%

C 100 3 14.4 85.6%
13/3/2013 T 100 3 12.3 87.7%
(by oven)

C 100 3 14.7 85.3%

We can explain that the treated Tarragon and Oregano samples contain higher
percentage of water by referring to the principle of work of magnetic water treatment, as
mentioned in the literature review. The treated water has law surface tension which
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allows the water to move faster within the upper soil horizon penetrating the soil
quickly and reaching the plant uptake zone in a shorter period.

5.7 Chlorophyll Contents

5.7.1 Chlorophyll Contents for Oregano

Four random bulk samples of Oregano leaves were collected and analyzed for its total
Chlorophyll contents. Results are tabulated in table 14, where in the average chlorophyll
contents in treated leaves were 1.86 mg/0.2gm and for the controlled leaves were 1.34
mg/0.2gm. Finding results show that there is a significant difference (less than 0.05)
between Chlorophyll content between treated and controlled sample for the advantage
of treated samples. That because MW has Lower surface tension, which allows water
and nutrients to move faster within the upper soil horizon and reach the root zone in a
shorter time. Also reducing the surface tension will increase water absorption through
the root cell wall and thus accelerating the growth rate of the growing parts of the
plants.

Tablel4: Total Chlorophyll contents in mg/0.2gm for Oregano

Date/samples Chlorophyll contents
(mg/0.2gm)
23/5/2013 Treated 1.78
Control 1.53
29/5/2013 Treated 1.86
Control 1.44
5/6/2013 Treated 2.26
Control 1.08
11/6/2013 Treated 1.53
Control 1.31
Average Treated 1.86+0.30
Control 1.34+0.20
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5.7.2 Chlorophyll Contents for Tarragon:

Twelve random samples of Tarragon leaves were collected and analyzed for its total
Chlorophyll contents. Results are in table 15. The average Chlorophyll contents in the
treated leaves were 0.42mg/0.2gm.and for the controlled leaves were 0.34mg/0.2gm.
These results show that there is no significant difference between Chlorophyll contents

in treated and controlled sample.

Table 15: Total Chlorophyll contents in mg/0.2gm for Tarragon

Date/samples Chlorophyll
contents
(mg/029)
23/5/2013 Treated 0.42
Control 0.35
Average Treated 0.42+0.10
Control .3510.1

5.8 Impact of Magnetic Water on Dripper Condition

Drip irrigation is widely used in the LJV region. Palestinian farmers use this irrigation
method in order to have high water revenue, and to avoid accumulation of salt on the
soil surface. The discharge of each dripper depends on the water pressures, and on the
condition of the dripper outlet (2 liter/hour). Changing in temperature, and pressure do
not affect only the yield but also the dripper discharge volume. Groundwater in the pilot
project is saturated with respect to carbonate minerals (aragonite, and calcite)(Marie and
Vengosh 2001). By decreasing pressure and increasing temperature, calcite mineral will
precipitate close to the dripper outlet (Hem, 1985) . After two months of irrigating
Oregano, it was found that only 37 and 57 drippers from 3600 drippers were blogged
under the treated and controlled conditions, respectively. This can explain that within
the same period of time the number of damaged seedling was 595 and 629 in the treated
and controlled conditions, respectively. For the Tarragon it was found that 105 and 230

drippers were blogged, but unlikely to what was expected, it was found that that the
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number of lost seedlings in treated samples compared to the controlled samples was
1550 and 850 respectively. The positive effect of magnetic water by reducing
precipitation of carbonate minerals (calcite and aragonite) was reported by many
authors (Parsons, Judd et al. 1997, Banejad and Abdosalehi 2009).

5.9 Soil Analysis

The effect of using magnetic water on soil properties was mentioned bellow.

5.9.1 Soil Electrical Conductivity and Salinity:

The electrical conductivity (EC)for soil was measured beneath the dripper, at distance
away from the dripper and at different depth bellow the dripper. Table 16 represents the
results found for the EC,for samples collected from dripper beneath for the two crops

(Tarragon and Oregano) at different times.
The total dissolved solid (TDS) can be calculated by multiply the EC by 640 factor.

Table 16: Electrical conductivity and total dissolved solid beneath the dripper

Date Type of | Number of | EC(uS/cm) TDS(ppm)
sample sample Xto X+to
29/1/2013 Control 4 4921271 315+174
Treated 4 335+303 214+194
13/2/2013 Control 3 1177+408 753+261
Treated 3 1030+271 659+173
6/3/2013 Control 3 986+143 632192
Treated 3 877+211 561+135
2/4/2013 Control 3 460£163 294+104
Treated 3 343+138 220+88
9/4/2013 Control 4 443+270 283+173
Treated 4 308+226 197+145
23/4/2013 Control 4 212+68 136+44
Treated 4 198+50 127+32

The electrical conductivities of soil samples collected beneath dripper were collected
and tabulated above. The results show that there was a decrease in the electrical

conductivity for all samples, this decreases was supported by previous studies
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(Mohamad, 2013). That is, the MW has the ability to prevent salt particles from forming
hard crystal residual by allowing these salts to form nucleation centers. This converted
dissolved minerals into a mixture of micro crystals under saturation. And, as a result,
allow the water to dissolve additional minerals through its pathway, this cause a
decrease in the TDS in the root zone.

The EC for samples at distances away from the dripper.

Table 17: The EC for samples at distances away from the dripper.

Date Type of | Number  of | Distance away from | Distance
sample sample the between  two

dripperEC(uS/cm) drippers

X to X to
29/1/2013 | Control 4 1330+£545 783+388
Treated 4 575+336 7881498
13/2/2013 | Control 3 1617+267 2450400
Treated 3 1507+£196 1977+758

The electrical conductivities of soil samples collected at distances away from drippers
and in between were collected and tabulated in table 17 above. The results show that

there is a decrease in the electrical conductivity for all samples.

The EC for samples at different depths beneath the drippers:

For samples collected at different depths, it was noticed that the electrical conductivity
for most treated samples decreased with increasing depth. The results are shown in table
18.

Table 18: EC for soil at different depths for both controlled and treated unit.

Date Type of Number of EC(uS/cm)
sample sample 15cm 30cm
26/3/2013 Control 1 280 280
Treated 1 280 190
11/6/2013 Control 2 7515 55+15
Treated 2 5545 655
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22/6/2013 Control 3 2331202 87+5
Treated 3 97+26 8319

5.9.2 Soil major lons

Concentrations of soil major lons were measured for different samples at different
depths. Table 19 represents the concentration of lons (CL,Na*,Mg*? and Ca*?) for
different samples taken from three different depths from the dripper
(<5¢m,15¢m,30cm).

Figures 15, 16, 17, and 18 represent plot of ions concentration versus depth for both
controlled and treated units.

Table 19: Concentration of Chloride Sodium Magnesium and Calcium in soil sample.

Date | #of Sample | Sample CI Na*[mg/L] | Mg*’[mg/L] | Ca*’[mg/L]
sample depth type [mg/L]
™ 3 < 5cm T 14+1 1948 8+2 2+.5
8 C 2511 20+11 10+1 3+l
S 15cm T 16+1 2019 8+2 2+.5
N C 2611 2011 10+1 3+1
30cm T 203 916 8+l 2.5£0
C 256 12+4 1545 4+2
30
25
:20
)
E 15
)
10
5
0
<5cm 15cm 30cm

data type and depth

HT mC

Figurel5: Chloride ions concentrations in soil for both treated and controlled units at different
depths.
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Figure 16: Sodium ions concentrations in soil for both treated and controlled unit at different
depths.
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Figure 17: Magnesium ions concentrations in soil for both treated and controlled unit at
different depths
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Figurel8: Calcium ions concentrations in soil for both treated and controlled unit at different
depths

Table 20 represents the results of EC, concentrations for chloride and sodium ions for
soil samples collected at different depths. Figure 19 represents the EC for these samples
in both treated and controlled units.

Figures 20 and 21 represents plots of Cl- and Na+ ions concentration vs depth,
respectively, for both treated and controlled units.

Based on these results, it can be seen that the ions concentration in treated units are
lower than those for controlled units. This explains the decrease in the ECs for soil
samples irrigated with MW compared with those irrigated with controlled water. This is
because of the ability of MW water to dissolve additional minerals through its pathway.
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Table20:EC and concentration of chloride and Sodium in soil sample for different depth

Sample depth Sample type ECuS/cm Clmg/L] Na*[mg/L]
<b6cm T 150 35.5 28
C 160 71 25
10cm T 157 35.5 28.7
C 163 71 25.5
20cm T 104 35.5 19.9
C 191 35.5 28.8
30cm T 114 35.5 19.9
C 247 71 34.3
40cm T 106 35.5 20.5
C 208 35.5 31.1
50cm T 120 35.5 25.4
C 200 35.5 28.5
60cm T 104 35.5 23.5
C 201 35.5 28
70cm T 122 35.5 29.4
C 178 35.5 34.2
300
250
200
g
2 150
v
100
0
<5cm 10cm 20cm 30cm 40cm 50cm 60cm 70cm
depth (cm)
HT mC

figure19:EC for soil samples in both treated and controlled unit with difference depth
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Figure20: Chloride ions concentrations for soil samples in both treated and controlled unit at
difference depth
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Figure21: Sodium ions concentrations for soil samples in both treated and controlled unit at
difference depths
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Chapter Six

Conclusion and Recommendations

6.1 Conclusion

Oregano and Tarragon are traditional well known medical herbs in our country. These
herbs were chosen to study the effect of new technology of magnetic water treatment on

these plants.

It was observed that there were on obvious increase in fresh yield, water productivity,
water and chlorophyll contents and fresh root biomass for both herbs. The influence of
magnetized water on Tarragon was less than that for Oregano which indicates that

Tarragon is more resistant to salinity than Oregano.

Since treated samples contain higher water contents than controlled samples, it's

advisable to sell fresh herbs rather than dry one.

There was also, a decrease in the number of blocked dripper for treated units compared

to the controlled units.

The salinity of soil which was irrigated by magnetized water was also decreased.

6.2 Recommendations

e More research should be done on other plants to see the influence of MWT on it.
e Corporation with the ministry of Agriculture to support such projects.

e This experience can be shared with large farms in order to improve their products.

39



References:

1. Abdul Qados, A., Hozayn.M,(2010).Magnetic Water Technology, A Novel Tool to
Increase Growth, Yield and Chemical Constituents of Lentil Under Greenhouse
Condition. IDOSI publications7(4): 457-462.

2. Abdul Qados, A. (2011). Effect of salt stress on plant growth and metabolism of
bean plantViciafaba(L.).Journal of the Saudi Society of Agricultural Sciences
10(1): 7-15.

3. Aladjadjiyan, A. (2002). "Study of the influence of magnetic field on some
biological characteristics of Zeamais.” Journal of Central European Agriculture
3(2).

4. Algicek, A.,Bozkurt,M., and Cabuk,M (2004). The effect of an essential oil
combination derived from selected herbs growing wild in Turkey on broiler
performance. South African Journal of Animal Science 33(2): 89-94.

5. Al-khazanAbdulla .B and Al-assaf .N,(2011),Effect Of Magnetically Treated Water
On Water Status,Chlorophyll Pigments And Some Elements Content Of Joroba At
Different Growth Stages.African Journal of Environmental Science and
TechnologyVol 5(9).pp.722-731

6. Amer.A,(2013), Estimation of Brackish Groundwater VVolume in Jericho Area/West

Bank. Master Thesis, Jerusalem- Palestine, Al Quds University.

7. Amiri.M.,Dadkhah,A(2006),on reduction in the surface tension of water due to
magnetic treatment,Colloids And Surface A: physicochemical and Engineering
aspect 278(1-3):252-255 .

8. ARIJ, (1995), Environmental Profile for the West Bank vol.2 Jericho District.,
Water Resources, 38-66.

9. Arnon,D(1949), Copper Enzymes in Isolated Chloroplasts.Polyphenol Oxidase In
Beta Vulgaris,Plant Physiol 24(1): 1-15.

40



10.

11.

12.

13.

14.

15.

16.

17.

18.

Azaizeh, H.,Saad,B.,and Said, O (2008). The state of the art of traditional Arab
herbal medicine in the Eastern region of the Mediterranean: a review. Evidence-
Based Complementary and Alternative Medicine 3(2): 229-235.

Banejad, H.,Abdosalehi,E(2009). The Effect of Magnetic Field on the Water
Hardness Reducing, thirteen international water technologyconferences,
Hurghada, Egypt :117-128.

Bogatin, J.,Bondarenko, N., Gak,E., Rokhinson, E and Ananyev, 1. (1999).
Magnetic treatment of irrigation water: Experimental results and application

conditions.Environmental science & technology 33(8): 1280-1285.

Brower and Jennifer (2005), Magnetic Water Treatment. Pollution Engineering
37.2(Feb 2005) 26-28, ProQuest document link.

Coey,J., Cass,S(2000), Magnetic Water Treatment,Journal of Magnetism and
Magnetic Materials 206(2000) :71-74.

Esitken, A. (2003). Effects of magnetic fields on vyield and growth in
strawberry'Camarosa’.Journal of horticultural science & biotechnology 78(2):
145-147.

Farnsworth, N and D. Soejarto (1991). Global importance of medicinal plants.The

conservation of medicinal plants: 25-51.

Fathi.A.,Mohamad,T., Claude,G., Maurin,G., Mohamed,B (2006).Effect of
Magnetic Water Treatment on Homogeneous and Heterogeneous Precipitation of
Calcium Carbonate, Elsevier Ltd:1941-1950.

Guttman, J. (2007). The Karstic Flow System in Uja Area—West Bank: An Example
of two Separated Flow Systems in the Same Area.Water Resources in the Middle
East: The Israeli-Palestinian Water Issues: from Conflict to Cooperation 2: 61-
66.

41



19.

20.

21.

22.

23.

24.

25.

26.

27.

Hem, J. D. (1985). Study and interpretation of the chemical characteristics of natural
water, Department of the Interior, US Geological Survey.

Hirata,M., Koga,N., Shingo, H., Fujita,H., Gintzburger, G.,Ishida,J and Miyazaki, A
(2005), Measurement of above-ground plant biomass, forage availability and
grazing impact by combining satellite image processing and field survey in a dry

area of north-eastern Syria, Grass and Forage Science 60(1):25-33.

Hozayn,M.,abdulQados.A(2010), Magnetic Water Application for Improving Wheat
(triticumaestivum L.),Agriculture And Biology Journal of north America: 677-
682.

Khayat.S.,Hotzl, H., Geyer, S.,and Ali, W(2006),Hydrochemicallnvestigation of
Water from Pleistocene Wells and Springs, Jericho Area, Hydrology Journal 14(1-
2):192-202.

Kinouchi, Y., H. Yamaguchi, and Tenforde, T(1996). Theoretical analysis of
magnetic field interactions with aortic blood flow.Bioelectromagnetics17(1): 21-
32.

Kronenbeg, K. J.(1985). Experimental evidence for Effects of Magnetic Fields on
Moving Water. IEEE Trans. On Magnetics, vol.Mag-21, n0.5:2059-2061.

Lange, D. (1998). Europe's medicinal and aromatic plants: their use, trade and

conservation, Traffic International.

Lin,l.J,andYotvat,J.(1990).Exposure of Irrigation and Drinking Water to Magnetic
Field with Controlled Power and Direction,Journal of Magnetism and magnetic
Materials 83(1990):525-526.

Maheshwari,B., Grewal.H(2009), Magnetic Treated of Irrigation Water: Its Effect
on Vegetable Crop Yield and Water Productivity,Agricultural Water
Management 96(2009):1229-1236.

42



28.

29.

30.

31.

32.

33.

34.

35.

36.

Manasra, K.,Marei, A.,Shiah,M.,Uter, H and Abu Thaher,A (2013). Assessment of
natural recharges of the Plio-Plistocene shallow aquifer system in Al Uja
area/Lower Jordan Valley/Occupied Palestinian Territories. EGU General

Assembly Conference Abstracts.

Marie.A, Vangosh,A.(2001), Source of Salinity in Ground Water From Jericho
Area, Jordan Valley.J.Ground water,Ground Water 39:240-248.

Marie, A.2011, Smart Project.

Ministry of agriculture (MoA), Palestinian Central Bureau of Statistics
(PCBS),(2001-2011): statistical data about area,and production for crops,
Ramallah, Palestine.

Mcmahon,C.(2009).Investigation of the Quality of Water Treated by Magnetic

Fields.Bachelor of engineering (Environmental).

Mohamad.A.1(2013). Effects of Magnetized low quality water on some soil
properties and plant growth, International Journal of research in chemistry and
Environment3(2) :140-147.

Mostafzadeh-Fard.B., Khoshravesh.M.,Mousavi.S., and Kiani.A.(2011). Effect of
Magnetized Water and Irrigation Salinity on Soil Moisture Distribution in Trickle
Irrigation, Journal of Irrigation and Drainage Engineering © ASCE.

Nasher, S. H. (2008). "The Effect of Magnetic Water on Growth of Chick-Pea
Seeds." Eng. & Tech 26(9): 4.

Parsons.S A., JudaS. J., Stephenson, T..Udol, S. and B-L. Wang.(1997),
Magnetically Augmented Water Treatment. Process safety and environment
protection. Transaction of the institution of chemical engineers 75(part B): 98-
104.

43



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Paster, N.,Juven, B.,Shaaya, E.,Menasherov, M., Nitzan, R.,Weisslowicz, H and
Ravid, U (1990). Inhibitory effect of oregano and thyme essential oils on moulds
and foodborne bacteria.Letters in Applied Microbiology 11(1): 33-37.

Pirzad, A., Shokrani, FandNagafi, S. (2013). Effect of Different Concentrations of
Magnetic Saline Water (Urmia Lake Water) On Germination andSeedling Growth
ofLathyrus Sp.Journal of Applied Biological Sciences 7(3): 01-07.

PWA (Palestinian Water Authority), Jericho station 2001-2008.

PWA (Palestinian Water Authority) (2008). Hydrogeological data base, West

Bank — Palestine.

Cai, R., Yang, H., He, J and Zhu, W(2009),the effect of magnetic field on water
molecular hydrogen bonds,Journal of Molecular Structure 983(1-3):15-19.

Saad, B., Azaizeh,H., and Said, O (2005). Tradition and perspectives of Arab herbal
medicine: a review.Evidence-Based Complementary and Alternative Medicine
2(4): 475-479.

Selim, M (2008),Application of Magnetic Technologies in Correcting Underground
Brackish Water for Irrigation in the Arid and semi - Arid Ecosystem,The 3rd

International Conference on Water Resources and Arid Environments.

Sobeih, M, (2009), Geophysical and Hydrological investigation of the Plio-Plestone
Aquifer System and Potential Artificial Recharge Sites Jericho Area. Master thesis,
Jerusalem- Palestine, Al Quds University.

Symeon, G., Zintilas, C.,Ayoutanti, A., Bizelis,J andDeligeorgis, S (2009). Effect of
dietary oregano essential oil supplementation for an extensive fattening period on
growth performance and breast meat quality of female medium-growing broilers.
Canadian Journal of Animal Science 89(3): 331-334.

Osuga, T., Tatsuoka,H(2009),Magnetic field transfer of water molecules,Journal of

Applied Physics.

44



47.UlHaq, Z., Y. Jamil, Irum, S., Randhawa, M., IgBal, M and Amin, N.(2012).
Enhancement in the germination, seedling growth and vyield of radish
(Raphanussativus) using seed pre-sowing magnetic field treatment. Polish, J.
Environ. Stud 21(2): 369-374.

48. Yesilada, E.,Honda, G.,Sezik, E., Tabata, M.,Fujita, T., Tanaka, T.,Takeda, Y and
Takaishi,Y(1995). Traditional medicine in Turkey. V. Folk medicine in the inner
Taurus Mountains. Journal of Ethno pharmacology 46(3): 133-152.

45



Appendices

Appendix 1 : Oregano sample description

Frequency Percent Valid Percent | Cumulative Percent
Treatment 25 50.0 50.0 50.0
Valid Control 25 50.0 50.0 100.0
Total 50 100.0 100.0
Appendix 2: Oregano sample distribution among line.
Intervention
Treatment Control
Count |[ColumnN% | Count |ColumnN %
Line One 20.0% 20.0%
Line Two 24.0% 28.0%
LINE
Line Three 32.0% 28.0%
Line Four 24.0% 24.0%
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Appendix 3: The effects on Height, number of major branches and number of minor branches
of oregano in the control and treatment groups in the following tables:

Intervention
Treatment Control
Mean Std Mean Std
6-11 H1 8.44 2.2 9.32 2.4
major B1 2.20 15 2.32 18
Minor B1 1.04 33 3.12 4.8
15-11 H2 13.36 3.2 14.88 4.3
major B2 4.96 25 3.56 27
Minor B2 24.32 13.2 24 9.8
20-11 H3 18.20 37 18.60 5.2
major B3 4.32 2.3 2.56 1.8
Minor B3 40.08 21.3 30.36 16.7
28-11 H4 23.80 4.3 26.08 5.9
major B4 456 2.4 2.56 1.7
Minor B4 66.72 377 56.72 29.7
5-12 H5 28.32 4.3 30.80 6.6
major B5 5.36 26 2.92 2.4
Minor BS 123.92 56.2 1064| 571
12-12 H6 35.00 5.3 35.68 7.2
major B6 5.44 26 3.24 25
Minor B6 230.64 92.4 197.76 943
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Appendix 4: Treatment and control groups according to the greenhouse lines

Line One Line Two Line Three Line Four
treatment Control treatment control treatment Control treatment Control
Mean | Std | Mean | Std | Mean | Std | Mean | Std | Mean | Std | Mean | Std | Mean | Std | Mean | Std
H1 10.80 2.3 8.60 2.6 8.00 14| 871| 21 738 21| 857| 1.3 8.33| 2.0| 1150 27
major
B1 2.00 1.2 3.80 3.0 2.00| 13| 2.00| 14 275 20| 171 11 183| 1.2 217| 1.0
Minor
= |B1 3.60 7.0 0.00 0.0 33| 8| 214| 38 75 15| 1.00| 2.6 00| .0| 933| 438
©
H2 16.80| 4.0| 12.60 49| 1250| 23| 1357| 34| 1150| 16| 1443| 25| 1383| 29| 1883| 4.6
major
B2 4.00 19 5.00 4.2 6.00| 1.9 3.00| 2.8 5.38| 36| 4.00| 18 417| 16| 250 14
Minor 15
:'1, B2 23.00 9.7| 28.60| 18.5| 18.50 1 22.14|17.8| 2850| 16.7| 20.29| 2.7| 25.67| 8.7| 26.67| 7.4
[Te]
—
H3 22.00 5.0| 16.00 58| 18.33| 3.1| 16.86| 3.8| 1538| 1.3| 18.00| 3.0| 18.67| 2.7| 2350| 6.0
major
B3 4.00 1.9 3.80 3.0 5.00( 2.0| 2.00| 1.2 475 31| 257| 15 3.33| 15| 217 1.0
Minor 12 14
:g' B3 56.00| 31.9| 35.20| 25.4| 37.67 2 27.71110.3| 3750| 219| 2757|101 | 32.67 4 32.67| 95
o
N
H4 28.60 5.2| 22.60 75| 23.17| 3.2| 24.14| 3.8| 20.63| 2.7| 26.00| 48| 2467| 2.7| 31.33| 5.4
major
B4 4.00 1.9 4.00 2.9 483| 17| 229| 11 5.38| 3.3| 200| 12 3.67| 18| 233 1.2
Minor 19 25
:, B4 89.60| 54.7| 65.60|49.50| 57.00 O 4486|19.5| 67.75| 43.6| 51.43|28.0| 56.00 O 69.33| 19.3
[e0]
[a\]
H5 32.40 6.6| 28.00 8.7| 28.00| 35| 28.43| 45| 26.00| 2.6| 30.29| 57| 28.33| 24| 3650| 55
major
B5 5.20 2.5 5.20 4.1 5.67( 1.5 229 1.1 6.13 3.6 2141 1.2 417| 1.8 2.67 1.9
Minor 32. 46.| 1316
~ | B5 166.40| 70.2|111.20| 86.5| 96.00 o 96.86 | 44.1| 120.25| 60.8| 90.86| 42.0| 121.33 o ; 62.8
o
§'| H6 39.40 7.6| 32.80 9.6| 33.33| 5.1| 33.00| 58| 33.88| 4.8| 3500| 6.0| 3450| 2.1| 42.00| 5.1
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major

B6 520| 25| 520| 41| 583 17| 286| 20| 625| 35| 271| 15| 417| 18| 267 19
Minor 75.| 2005 100.| 164.0 69.| 244.6| 104.
B6 285.20 | 102.6 | 184.80 | 119.5 | 178.00 X , 83.3| 213.25 - ) 79.2| 261.00 - , ,

Appendix 5: Summary of independent t test for oregano variables

Variable | test value Significant value significant or not

H1 Independent t-test (t=-1.354) 0.182 not significant

H2 Mann-Whitney (U=256.5) 0.273 not significant

H3 Mann-Whitney (U=305) 0.883 not significant

H4 Independent t-test (t=-1.551) 0.128 not significant

H5 Mann-Whitney (U=249) 0.216 not significant

H6 Mann-Whitney (U=286.5) 0.613 not significant

Major B1 | Mann-Whitney (U=305) 0.878 not significant

Major B2 | Mann-Whitney (U=200) 0.027 significant
(treatment>control)

Major B3 | Mann-Whitney (U=159) 0.002 significant
(treatment>control)

Major B4 | Mann-Whitney (U=136) 0.001 significant
(treatment>control

Major B5 | Mann-Whitney (U=126) 0.000 significant
(treatment>control

Major B6 | Mann-Whitney (U=142.5) 0.001 significant
(treatment>control

Minor Mann-Whitney (U=263) 0.213 not significant

Bl

Minor Mann-Whitney (U=309.5) 0.953 not significant

B2

Minor Mann-Whitney (U=233) 0.082 not significant

B3

Minor Mann-Whitney (U=262.5) 0.332 not significant

B4

Minor Mann-Whitney (U=250) 0.225 not significant

B5

Minor Mann-Whitney (U=255) 0.264 not significant

B6
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Appendix 6: Summary of related sample t test for oregano variables

Variable | test value Significant value significant or not

H1 Paired Samples Test (t=-1.254) 0.222 not significant

H2 Wilcoxon Test (Z=-1.463) 0.143 not significant

H3 Wilcoxon Test (Z=-0.486) 0.627 not significant

H4 Paired Samples Test (t=-1.5) 0.147 not significant

H5 Wilcoxon Test (Z=-1.428) 0.153 not significant

H6 Wilcoxon Test (Z=-0.655) 0.513 not significant

Major B1 | Wilcoxon Test (Z=-0.481) 0.630 not significant

Major B2 | Wilcoxon Test (Z=-1.866) 0.062 not significant

Major B3 | Wilcoxon Test (Z=-2.353) 0.019 significant
(treatment>control)

Major B4 | Wilcoxon Test (Z=-2.617) 0.009 significant
(treatment>control

Major B5 | Wilcoxon Test (Z=-2.457) 0.014 significant
(treatment>control

Major B6 | Wilcoxon Test (Z=-2.295) 0.022 significant
(treatment>control

Minor B1 | Wilcoxon Test (Z=-1.437) 0.151 not significant

Minor B2 | Wilcoxon Test (Z=-0.286) 0.775 not significant

Minor B3 | Wilcoxon Test (Z=-1.522) 0.128 not significant

Minor B4 | Wilcoxon Test (Z=-0.672) 0.502 not significant

Minor B5 | Wilcoxon Test (Z=-1.229) 0.219 not significant

Minor B6 | Wilcoxon Test (Z=-1.308) 0.191 not significant
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Appendix 7: comparison between treatment and control samples of Oregano

Treatment (Length) Control (Length)
60 60
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Appendix 8 : Tarragon sample description

Frequency Percent Valid Percent | Cumulative Percent
treatment 25 50.0 50.0 50.0
Valid control 25 50.0 50.0 100.0
Total 50 100.0 100.0
Appendix 9: Tarragon sample distribution among line.
Intervention
Treatment Control
Count Column N % Count Column N %
Line One 5 20.0% 5 20.0%
Line Two 7 28.0% 7 28.0%
LINE
Line Three 7 28.0% 7 28.0%
Line Four 6 24.0% 6 24.0%
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Appendix10: The effects on Height, number of major branches and number of minor branches
of the Tarragon in the control and treatment groups for Tarragon.

Intervention
treatment Control
Mean Std Mean Std
22-10 H1 18.00 3.7 20.24 3.3
major B1 2.44 7 2.68 1.0
Minor B1 7.20 4.7 6.72 5.3
31-10 H2 23.48 5.2 25.52 38
major B2 2.84 T 2.92 12
Minor B2 18.76 8.2 21.12 111
6-11 H3 29.04 5.2 31.38 45
major B3 3.36 1.2 3.76 1.6
Minor B3 53.48 23.0 48.00 218
15-11 H4 37.92 6.6 38.61 5.7
major B4 3.64 1.3 4.00 1.6
Minor B4 85.92 29.8 86.71 24.9
20-11 H5 41.33 6.8 42.83 6.1
major B5 3.76 1.3 4.20 1.6
Minor B5 115.13 375 118.25 31.9
26-11 H6 45.17 7.2 46.56 6.7
major B6 3.68 14 4.24 15
Minor B6 126.96 48.6 149.13 455
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Appendix 11: Treatment and control groups according to the greenhouse lines for Tarragon

Line One Line Two Line Three Line Four
treatment Control treatment control treatment Control treatment Control
Mean | Std | Mean | Std | Mean | Std | Mean | Std | Mean | Std | Mean | Std | Mean | Std | Mean | Std
H1 1740| 11| 20.40| 17| 16.29| 1.0| 17.86| 4.1| 19.86| 3.9| 20.71| 3.1| 18.33| 5.9| 22.33| 2.1
major
B1 2.40 5| 240 9| 229 8| 3.29| 11| 257 51 271| 11| 250 .8| 217 8
S Minor
& B1 5.20| 56| 10.00| 6.2| 10.00| 5.6| 10.71| 40| 4.86| 23| 3.00| 22| 833| 34| 367| 4.1
N
H2 23.00| 4.2| 25.00| 3.2| 20.86| 19| 24.71| 49| 23.29| 50| 25.14| 43| 2717| 7.4| 27.33| 2.0
major
B2 3.00 71 2.60 91 271 8| 371| 11| 3.00| .8| 2.86| 13| 267 8| 233| 1.0
= Minor
4 8o 21.40(|11.0| 19.00| 5.1| 18.29| 79| 28.00|13.8| 21.43| 9.0| 21.71| 7.1| 14.00| 2.8| 1417|123
o
H3 27.60| 5.2| 30.20| 1.8| 27.43| 3.3| 31.00| 76| 28.71| 5.0| 31.14| 3.7| 3250| 6.6| 33.00| 3.4
major
B3 3.20 8| 3.20| 13| 314 7| 5.29| 20| 357| 15| 343 8| 350| 18| 283| 1.0
o Minor
‘—,u B3 49.40|259| 55.80|20.7| 51.00|26.6| 55.14|32.9| 59.86|25.0| 40.43| 7.3| 52.33(18.1| 42.00|18.1
[{e]
H4 35.60| 5.7| 36.00| 1.6| 36.71| 7.5| 36.33| 7.0| 39.00| 55| 39.71| 6.6| 40.17| 79| 42.40| 3.6
major
B4 3.20 8| 340| 13| 3.29 8| 543| 19| 4.00| 16| 3.71| 13| 4.00| 1.7| 317 .8
o Minor
b B4 80.00|24.6| 88.20(21.6| 89.14|259| 96.50|12.6| 96.00|40.3| 65.43|16.0| 77.00(29.9|100.50|32.3
—
20-11 | H5 41.00| 54| 42.00| 3.7| 39.43| 7.2| 4150| 9.9| 41.00| 4.7| 42.71| 59| 4417| 95| 45.00| 3.3
major
BE 3.40 5| 360| 15| 357| 13| 543| 19| 4.00| 16| 3.71| 13| 4.00| 1.7| 3.83 .8
Minor
BS 111.50{29.5|110.00 | 21.6 | 105.00 | 36.9 | 113.33| 25.9 | 135.00 | 45.9 | 106.43 | 33.0 | 109.50 | 35.6 | 143.83 | 35.3
H6 4440| 42| 46.00| 4.2| 41.14| 7.3| 46.71| 8.9| 46.83| 6.2| 4529| 8.4 | 48.83| 8.8| 48.33| 4.2
major
B6 3.00 7| 3.60| 15| 357| 13| b557| 17| 4.00| 16| 3.71| 13| 4.00| 17| 3.83 .8
! Minor
b B6 96.20|56.1|117.20|17.5]|107.86 | 33.1 | 144.50 | 46.0 | 166.67 | 35.5| 134.43 | 31.1 | 135.17 | 48.5|197.50 | 42.9
N
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Appendix 12: summary of independent t test for Tarragon variables

Variable test value Significant value significant or not
H1 Independent t-test (t=-2.266) 0.028 significant
(control>treatment)

H2 Mann-Whitney (U=221.5) 0.075 not significant
H3 Mann-Whitney (U=205) 0.056 not significant
H4 Independent t-test (t=-0.385) 0.702 not significant
H5 Independent t-test (t=-0.808) 0.424 not significant
H6 Independent t-test (t=-0.701) 0.487 not significant
Major B1 Mann-Whitney (U=275) 0.422 not significant
Major B2 Mann-Whitney (U=310) 0.959 not significant
Major B3 Mann-Whitney (U=268) 0.370 not significant
Major B4 Mann-Whitney (U=276) 0.467 not significant
Major BS | Mann-Whitney (U=261) 0.306 not significant
Major B6 Mann-Whitney (U=244) 0.174 not significant
Minor B1 | Mann-Whitney (U=279.5) 0.520 not significant
Minor B2 | Mann-Whitney (U=241.5) 0.167 not significant
Minor B3 | Mann-Whitney (U=273.5) 0.448 not significant
Minor B4 | Independent t-test (t=-.100) 0.921 not significant
Minor B5 | Independent t-test (t=-0.308) 0.760 not significant
Minor B6 | Mann-Whitney (U=224) 0.268 not significant
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Appendix 13: summary of related sample test for Tarragon variables.

Variable test value Significant value significant or not
H1 Paired Samples Test (t=-2.322) 0.029 significant
(control>treatment)

H2 Wilcoxon Test (Z=-1.617) 0.106 not significant
H3 Wilcoxon Test (Z=-1.367) 0.172 not significant
H4 Paired Samples Test (t=-0.353) 0.728 not significant
H5 Paired Samples Test (t=-1.067) 0.298 not significant
H6 Paired Samples Test (t=-0.889) 0.383 not significant
Major B1 | Wilcoxon Test (Z=-0.988) 0.323 not significant
Major B2 | Wilcoxon Test (Z=-0.294) 0.769 not significant
Major B3 | Wilcoxon Test (Z=-1.111) 0.266 not significant
Major B4 | Wilcoxon Test (Z=-0.891) 0.373 not significant
Major BS | Wilcoxon Test (Z=-1.000) 0.317 not significant
Major B6 | Wilcoxon Test (Z=-1.289) 0.197 not significant
Minor B1 | Wilcoxon Test (Z=-0.659) 0.510 not significant
Minor B2 | Wilcoxon Test (Z=-0.741) 0.459 not significant
Minor B3 | Wilcoxon Test (Z=-1.238) 0.216 not significant
Minor B4 | Paired Samples Test (t=-0.069) 0.945 not significant
Minor B5 | Paired Samples Test (t=-0.130) 0.898 not significant
Minor B6 | Wilcoxon Test (Z=-1.331) 0.183 not significant
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Appendix 14: comparison between treatment and control samples of Tarragon

Treatment (Length)
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Appendix 15: photos from site.
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Appendix16: Tarragon photos.
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Appendix 17: Oregano photos.
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