I
2. 0 2 )
=555 iﬂi!‘%\*/ﬁ
% Mm) 'S

BIRZEIT UNIVERSITY

*»

Faculty of Graduate Studies

Master Program in Water and Environmental Sciences

Title: Optimization of Plant Nutrient Programs in West Bank - Palestine:
Assessment of the current programs (case study: Peppers)

(SR A L) ) Adad) 4,300 gral jy al <ol — A ad) A8ial) B L) 4085 gal a Cppesad 1) gind)

Prepared By
Sofia Rezeqallah
Student Number 1155237

Supervisor

Prof. Dr. Jamil Harb

Members of examination committee:

Prof. Dr. Jamil Harb (Chairman of committee)
Dr. Maher Abu Madi (Member)
Dr. Ahmad Abu Hammad (Member)

This Thesis was submitted in partial fulfillment of the requirements for the Master's Degree in
Water and Environmental Sciences from the Faculty of Graduate Studies at Birzeit University,
Palestine.

June, 2019



Title: Optimization of Plant Nutrient Programs in West Bank - Palestine:
Assessment of the current programs (case study: Peppers)

Prepared By
Sofia Rezeqallah
Student Number 1155237

This Thesis was prepared under the main supervision of Prof. Dr. Jamil Harb and has
been approved by all members of the examination committee.

Prof. Dr. Jamil Harb
Chairman of committee

Dr. Maher Abu Madi
Member

Dr. Ahmad Abu Hammad
Member

Date of Defense: 10" June, 2019



ACKNOWLEDGEMENTS

slaayly

b izl ol se§ 1) 2 5a3 48 5 (o Agmalall sLaall 35 aY) Ll gt ghads iy Ul oY
Cliall JS Jall 5 50€ T g @l ulily A Ul ) g () ol KU L3l e daaladl (il
P oMa dla )5 agalay cliigal 5 Sl

e con el alea Lo 0 KA o e oS iyl ol (3ol e ()

el 8 Taga AN al s Copa Jaan ) eiall QAL (adl 5 JualdY) Lidilad apes )
Al 44 Hlay 4568 L aldY (5 et g anilial

OV ol 55 sl 5 ) Aaaall 5 el 5 litaY )y Sl iyl ey pa8 caas o Jd
L Jcliaylelay d

oda Adlic agloutl eliacly Aul) Aaslia) dial 8 cpjigall ailul ) <8N Qojas aail WS

Al

alai) d sacbusall 5 ¢ gall 2y 315 ol clBaal) 5 a1 JS ) (5 S o pail o il
A LLAS\‘_A;M\JAS\ AT



Table of Contents

Table of Contents

ACKNOWLEDGEMENTS ... ..ottt ettt ettt a e eeaeaeas i
Table of Contents.........cccciiiiiiiiiiiii v
T o T 1] T PPN Vi
List of tables ........c.ooviniiiii IX
ADSTract ... ..o e X
P Xl
Chapter One: INtroducCtion..........oouiiiiiiiiiiiiiiiii it e et e renaterenneeeenneeeenneenen 1
2 F 1ol 4=4 4 o U T Vo H PP PPPPPPPPRS 1
SEUAY ProbIEM . e, 3
Study aim and 0bJeCtiVE: ..o 3
StUAY hYPOthESES: ... 3
Chapter two: Literature ReVIEW .........ccciiiiiiiiiiiiiiiiiiiiiiii ittt e i et eeneeaenaaeaen 4
2.1, MaCrONULIIENTS...uuiiiiiiiiiiii s 5
2.0.0. Primary MacrONULIIENTS: ...iiiiiiii ittt e e e e eea s e e e aa s e eeaa s e eeanasesannanaans 5
2.1.2. Secondary MacronULIIENtS ......cceiiiiiiiie e, 6

2.2, MICIONUEITENES. ..ottt s 7
2.3, NUEFENTS INTEIaCtiONS ....ueiiiiii s 7
2.4.  Chemical fertilizers and sOil fErtility ......cccoeeeeiiiiiiiiii 8
Chapter three: Experimental part ...........ccooiiiiiiiiiiiiiiiiiiii it e e eaeaeen 11
3.1, Selection Of farmMS ..o e e 11
3.2. Collecting SAMPIES: ...ccceeeeeeeeeeeeeeeeeeeeeeeee e, 11
3.3. Soil sampling and plant material:..........ccco oo 11
3.4. Chemical analyses of samples: ... 12
3.4.1. Analysis Of SOil SAMPIES: ......cuviiiiiiiiiiiiiiiiiiieeee ettt eeeeeeeeereeeeeraeeeseeeeesrersesssessrarrrrrrearees 12
3.4.2. Analysis of plant tiSSUE SAMPIES: ......eiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeereeeeeeereeereesrarrrrrraaree 13

3.5. Documentation of farms information: ..o 14
3.6. Data analysis and interpretation of results:............cccooeii 14



A1 SOM PH ettt ettt ettt en et er e er e eennen 15
Y 1 121V B OO U PP P PPPPPPPPPPON 16
4.3, PROSPROIUS oo 16
A, POTASSIUM i e e e e e e e e e e e e e e e e e e e e e aaeaeas 18
T ) 4 oY== o PP PUPTPPRN 21
o YV - T=4 a T=E 1V [ o TP PUPPTTPPP 22
R - | Lol TV o DO PO PP PP PPPPPPPPPPROt 24
L | o o 26
T |V =T F= - T 1= OO P PP PPP PR PPPPPIN 27
T O I 0T o] o 1] OO P PP PPP PR PPPPPINN 30
s A 1o o TSP P PP PPRPP P 32
Lt 1A = To o o 34
4.13. Molybdenum ... 36
BULA. SUIFUN .ottt e s st e e e s e e st e e s e e e 37
Chapter Five: DiSCUSSION .....ouviiiiitiiiiiii i ieiieeeeeeeneerenateranaeerennnerenneeeennees 38
5.1 HIBh SOM PH e 40
5.2. Effect of nitrogen increase on plant growth and development.........................l 41
5.3. Effect of phosphorus increase on plant growth and development................................... 43
5.4. Effect of potassium increase on plant growth and development............................... 44
5.5. Effect of calcium increase on plant growth and development.......................l 45
5.6. Effect of magnesium increase on plant growth and development............................. 46
Chapter Six: Recommendations and conclusion .............cccoiiiiiiiiiiiiiiiiiiiiiiiiii e, 48
REEIENCES ... ..o ettt et 50

Appendix: (Farms information)..............c...ooi 55



\

List of Figures

Figure 1: pH values of soil samples collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season:
T3: by the end of the growing season) and from three regions (Jenin= JEN; Tulkarm and

Qalgilya= TUL&QAL; and Jericho= JER)...........cc..otiiiiiiiiiiiniiiiiieiiin e 15

Figure 2: salt level (mg.lOOg") of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season:
T3: by the end of the growing season) and from three regions (Jenin= JEN; Tulkarm and

Qalgilya= TUL&QAL; and Jericho= JER)...........cc..otiiiiiiiiiiiniiiiiiiiiie e 16

Figure 3: Phosphorus level (mg.lOOg") of soils collected from greenhouses cultivated
with sweet peppers at three collection times (T1: before planting; T2: at the peak of
growing season: T3: by the end of the growing season) and from three regions (Jenin=

JEN; Tulkarm and Qalqilya= TUL&QAL; and Jericho= JER).............c...c.ociiiiiiiinnie. 17

Figure 4: Phosphorus level (%) of mature leaves of sweet peppers collected from Jenin,

Tulkarm and Qalgilya and Jericho regions. ..........c.cccviiiiiiiiiiiiiiiiiiiiiiiiie e eeeaees 18

Figure 5: Potassium level (mg.lOOg’l) of soils collected from greenhouses cultivated
with sweet peppers at three collection times (T1: before planting; T2: at the peak of
growing season: T3: by the end of the growing season) and from three regions (Jenin=

JEN; Tulkarm and Qalqilya= TUL&QAL; and Jericho= JER) ...................................... 19

Figure 6: Potassium level (%) of mature leaves of sweet peppers collected from Jenin,

Tulkarm and Qalgilya and Jericho regions. ...........c.ccooiiiiiiiiiiiiiiiiiiii e eaeaas 20

Figure 7: Nitrogen level (%) of mature leaves of sweet peppers collected from Jenin,

Tulkarm and Qalgilya and Jericho regions. ............ccoviiiiiiiiiiiiiiiiiiiiiiiiiiiee, 21

Figure 8: Magnesium level (mg.lOOg‘l) of soils collected from greenhouses cultivated
with sweet peppers at three collection times (T1: before planting; T2: at the peak of
growing season: T3: by the end of the growing season) and from three regions (Jenin=

JEN; Tulkarm and Qalqilya= TUL&QAL; and Jericho= JER) ...................................... 22

Figure 9: Magnesium level (%) of mature leaves of sweet peppers collected from Jenin,

Tulkarm and Qalqilya and Jericho regions. .............oooiiiiiiiiiiiiiiiii s 23



Vi

Figure 10: Calcium level (mg.lOOg") of soils collected from greenhouses cultivated with
sweet peppers at three collection times (Tl: before planting; T2: at the peak of growing
season: T3: by the end of the growing season) and from three regions (Jenin= JEN;

Tulkarm and Qalqilya= TUL&QAL; and Jericho= JER). ...............cc.oooiiiiiin. 24

Figure 11: Calcium level (%) of mature leaves of sweet peppers collected from Jenin,

Tulkarm and Qalqilya and Jericho regions. ...........cccooiiiiiiiiiiiiiiiiiiiiiiiiireiireneenenns 25

Figure 12: Iron level (mg.lOOg") of soils collected from greenhouses cultivated with
sweet peppers at three collection times (T1: before planting; T2: at the peak of growing
season: T3: by the end of the growing season) and from three regions (Jenin= JEN;

Tulkarm and Qalqilya= TUL&QAL; and Jericho= JER). ...............c..oooiiiiiin . 26

Figure 13: Iron level (mg.lOOg’l) of mature leaves of sweet peppers collected from

Jenin, Tulkarm and Qalgilya and Jericho regions. .........c..ccooeeiiiiiiiiiiiiiiiiiieniieneennne. 27

Figure 14: Manganese level (mg.lOOg’l) of soils collected from greenhouses cultivated
with sweet peppers at three collection times (T1: before planting; T2: at the peak of
growing season: T3: by the end of the growing season) and from three regions (Jenin=

JEN; Tulkarm and Qalgilya= TUL&QAL; and Jericho= JER).............c...c..coooiiiinnin. 28

Figure 15: Manganese level (mg.lOOg’l) of mature leaves of sweet peppers collected

from Jenin, Tulkarm and Qalqilya and Jericho regions..............cccciiiiiiiiiiiiiiininnn... 29

Figure 16: Copper level (mg.lOOg’l) of soils collected from greenhouses cultivated with
sweet peppers at three collection times (T1: before planting; T2: at the peak of growing
season: T3: by the end of the growing season) and from three regions (Jenin= JEN;

Tulkarm and Qalqilya= TUL&QAL; and Jericho= JER). ...............c..ooiiiiiiinin . 30

Figure 17: Copper level (mg.lOOg‘l) of mature leaves of sweet peppers collected from

Jenin, Tulkarm and Qalgilya and Jericho regions. ............cccecvviiiiiiiiiiiiiiiiiiiiin., 31

Figure 18: Zinc level (mg.lOOg‘l) of soils collected from greenhouses cultivated with
sweet peppers at three collection times (T1: before planting; T2: at the peak of growing
season: T3: by the end of the growing season) and from three regions (Jenin= JEN;

Tulkarm and Qalqilya= TUL&QAL; and Jericho= JER). ............c..c.oooiiiiiiinn. 32

Figure 19: Zinc level (mg.lOOg'l) of mature leaves of sweet peppers collected from

Jenin, Tulkarm and Qalgilya and Jericho regions. ............c.ccccvviiiiiiiiiiiiiiiiiiiininnn., 33



Vil

Figure 20: Boron level (mg.lOOg") of soils collected from greenhouses cultivated with
sweet peppers at three collection times (Tl: before planting; T2: at the peak of growing
season: T3: by the end of the growing season) and from three regions (Jenin= JEN;

Tulkarm and Qalqilya= TUL&QAL; and Jericho= JER). ...............cc.oooiiiiiin. 34

Figure 21: Boron level (mg.lOOg") of mature leaves of sweet peppers collected from

Jenin, Tulkarm and Qalqilya and Jericho regions. ..........c.ccoviiiiiiiiiiiiiiiiiiiiiineiieennns 35

Figure 22: Molybdenum level (mg.lOOg") of mature leaves of sweet peppers collected

from Jenin, Tulkarm and Qalqilya and Jericho regions. ............ccooviiiiiiiiiiiiiiiiiinennns 36

Figure 23: Sulfur level (%) of mature leaves of sweet peppers collected from Jenin,

Tulkarm and Qalgilya and Jericho regions. ...........ccooviiiiiiiiiiiiiiiiiieiiireieeeeneeaenas 37



List of tables

Table (1): Quantities and sources of the three essential nutrients (nitrogen, phosphorus,

potassium) compared to the recommendations. .................c..oooiiii 38

Table (2) The ratios between calcium and magnesium (Ca/Mg), and potassium and

magnesium (K/Mg) based on soil analysis results.......................... 39

Table (3): Nitrogen chemical formula in the used fertilizers................................ 41



Abstract
The intensive agriculture sector is one of the most important economic sectors in West

Bank and Gaza Strip - Palestine, which is concentrated in the areas of Tulkarm, Qalqilya,
Jenin, Jericho, and Gaza strip. The problem of intensive fertilization using inorganic
chemical fertilizers is one of the most important problems facing this sector. Farmers in
these areas rely heavily on the use of chemical fertilizers, as they think that it is the most
suitable for supplying plants with all their nutritional needs. In addition, farmers believe
that plants at the end of each season deplete all nutrients in the soil. This thought is directly
related to the lack of equipped laboratories, which have the ability to examine the soil and
plant tissues for their nutritional contents. Furthermore, the lack of information for farmers

and extension officers about proper fertilization programs plays a role in this problem.

This study was conducted to evaluate the current nutritional programs (fertilization
programs) in greenhouses in Tulkarm, Qalgilya, Jenin and Jericho regions. Sweet pepper
cultivated in greenhouses was chosen, and at least three farms were selected in each
geographical area. Soil samples were taken at three stages, before planting, during the
fruiting phase and at the end of the season. All samples were dried and grinded in
preparation for analyses for their minerals content using ICP-OES spectrophotometer.
Further, soil pH and the salt content (electrical conductivity) of soil samples were
measured. In addition, information about fertilization programs used by farmers has been

collected.



Xl

The results showed that all the farms included in the research contain high levels of few
essential elements, specially Nitrogen (in leaves tissues), Phosphorus and Magnesium. In
addition, imbalanced ratios between few trace elements were found. Such imbalances
affect negatively the uptake for some important elements such as Calcium, thus affecting
the growth and development of the plant. This, in turn, indicates that the excessive use of
chemical fertilizers, which makes the current fertilization programs unbalanced, is

expensive and harmful to plants and soil, and may entails harmful effects on consumers.

Accordingly, short- and long-term solutions were proposed that may help solving the
problem of excessive fertilization and its negative consequences. The most important
solutions could be: the establishment of laboratories with the ability to analyze thousands
of samples for their contents of minerals. In addition, research projects to design balanced
fertilization programs based on the characteristics of each soil type, geographical area,
plant type and growth phase is highly needed. This will also automatically reduce the

economic losses due to fertilizers loss.
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Chapter One: Introduction

Background
Fertilization is the process by which a natural or synthetic, chemical-based substance is

added to plant or soil in order to enhance plant growth and soil fertility (Maximum yield),
thus fertilization (organic and non-organic) can be considered as agricultural technology,
that is necessary for having a proper yield crop (quality and quantity) (Savci, 2012). But
the intensive and uncontrolled use of fertilizers would have many negative side effects on

human health and environment including water, soil and air (Savci, 2012).

Bell pepper (Capsicum annum L.) belongs to the Solanaceae family that includes also
tomato (Lycopersicon esculentum) and eggplant (Solanum melongena L.) (Basu et al.,
2003). This plant species was first cultivated in Central America and Mexico, but now it’s
produced globally with a production rate of 25 million metric tons (Abu Zahra et al., 2013).
Bell pepper can be consumed fresh or processed into sauces and powders, and it is
considered as a fruit with high nutritional value, due mainly to their minerals and vitamins

content (Naidu, 2003).

Bell pepper was chosen for this study because Palestinian farmers are expanding its culture
in greenhouses, and it is considered as one of the most promising intensive cultures in
Palestine (Mohamed, 2014). Bell pepper is planted mostly in the greenhouses in the
agricultural regions such as Jericho, Qalgilya, Tulkarm and Jenin. Moreover, it is a good
fruit to study under experimental conditions, since it was found by some studies that bell

pepper can tolerate different levels of saline conditions (Mohamed, 2014).



Farmers in Palestine are tending to use the greenhouses for cultivating bell pepper in order
to increase their productivity, which is attributed to warm temperatures inside greenhouse,
mainly during autumn and winter seasons, in addition to the intensive use of chemical
fertilizers and pesticides. Moreover, the high density of plantings leads to substantial
increases in the productivity to levels that sometimes exceed 50% of the productivity levels

of the developed countries.

Despite the high production rate in greenhouses, the intensive use of chemical fertilizers
and agricultural pesticides cause the most problematic issue. A previous study (Harb et al.,
2016) that was based on interviews proved that the Palestinian farmers use excessive
amounts of chemical fertilizers and pesticides. Such usage is believed to be one of the
reasons for the health problems affecting the local consumers, and also for difficulties in

exporting fresh products from Palestine.



Study problem:
The research problem of the study is the intensive fertilization using inorganic chemical

fertilizers and its side effects on plant growth and yield.

Study aim and objective:

This study aims to assess the current fertilization programs used by the Palestinian farmers
in Jenin, Tulkarm, Qalgilya and Jericho governorates, for a final aim of optimizing the

mineral nutrients programs for bell pepper

Study hypotheses:
1. Palestinian farmers add chemical fertilizers much more than needed to plants to

meet their needs of the nutritional elements.
2. The intensive addition of chemical fertilizers causes economic losses and health

risk.



Chapter two: Literature Review
In order to achieve successful growth and development for vegetative and reproductive

tissues, plants must uptake essential elements from their environment, particularly from the
soil (Grusak et al., 2001). An element is considered to be essential if it is needed for plant
metabolism and life cycle completion. Other category includes “beneficial elements”, and
these are elements that are not required by all plants; they may enhance plant’s growth and
may help in resisting stresses. In addition, they also may improve productivity and/or
quality of certain plants, but their absence has no negative impact on the plant life cycle
(Pilon-Smits et al., 2009). In this category there are few elements including silicon, cobalt,
sodium, selenium, and vanadium (McGrath & Penn, 2014). Accordingly, there are 17
elements that are considered to be essential elements (C, H, O, Ca, K, Mg, N, S, P, Cl, B,
Zn, Cu, Fe, Mn, Mo, Ni); three of them, namely carbon (C), oxygen (O) and hydrogen (H),
are non-mineral elements, and are taken up from water and air (Tripathi et al., 2014); these
constitute the highest concentration in plants. The mineral elements that are absorbed by
plants roots from the soil (Tripathi et al., 2014) are divided into two main groups:
macronutrients (nitrogen (N), potassium (K), phosphorus (P), calcium (Ca), magnesium
(Mq), and sulfur (S)), and micronutrients (copper (Cu), manganese (Mn), iron (Fe), boron
(B), nickel (Ni), molybdenum (Mo), chloride (CI) and zinc (Zn)). These two groups are
named upon their abundancy in plant’s tissue: macronutrient concentration in plant tissue
is more than 0.2 % of the plant’s dry weight basis, whereas the micronutrient concentration

in plant’s tissue is less than 0.01 % (McGrath & Penn, 2014).



2.1. Macronutrients
The roles of these nutrients are numerous including protein synthesis, photosynthesis (as

integral elements of chlorophyll), osmoregulation, membrane and cell wall stabilization.
Further, they also have vital roles in plant metabolism, as some macronutrients are
constituents of proteins, coenzymes and phytohormones (Hawkesford et al., 2012). In this
respect, they are known to influence crop yield, improve growth and quality for cultivated

plant species (Tripathi et al., 2014).

2.1.1. Primary macronutrients:
Nitrogen (N): nitrogen constitutes 1.5- 2 % of plant dry matter (McGrath & Penn, 2014),

with approximately 16 % of plant total proteins (Tripathi et al., 2014). The main source for
the available nitrogen in our planet is atmospheric N2, which is fixed by rhizobia bacteria
through an energy intensive process (Peoples et al., 1995). However, most plants, other
than N-fixing plants, can only use N in the form of nitrate (NO3") or ammonium (NH4")
(McGrath & Penn, 2014), which necessitates the addition of fertilizers for cultivated plants
(Kant et al., 2010). Nitrogen is considered to be one of the most important elements for
plants since it is needed for the biosynthesis of chlorophyll, nucleic acids and amino acids.
Moreover, it is important not only for energy transformation in the metabolic processes,

but also it improves and increases the fruit and seed production (Kant et al., 2010).

Phosphorus (P): P is a nonmetallic element that is taken by the plant in the form of
phosphate (Schachtman et al., 1998). Plants can only utilize phosphate from the soil in the
forms of either dihydrogen phosphate (H2PO4") or hydrogen phosphate (HPO4?); the form
is influenced highly by soil pH (Schachtman et al., 1998). Usually phosphorus availability

in soil is low, thus it is added as organic phosphate to the soil (Sharpley, 2000). The



importance of phosphorus is directly related to its role as an important constitute of cell

membrane, DNA, RNA and ATP.

Potassium (K): Alkaline, quite mobile macronutrient that is found mainly in the younger
parts of the plant (Wakeel et al., 2011). Potassium has roles in many physiological
processes in plant life cycle, such as osmoregulation, photosynthesis, protein synthesis,
enzyme activation, and transportation. Further, it has roles in pH stabilization, which is
required for organic anions diffusion and enzymatic reactions. Moreover, it was found that
potassium can minimize risk of drought stress and some agronomic problems such as heavy

metals stress (Wang et al., 2013).

2.1.2. Secondary macronutrients
Calcium (Ca): Ca is an immobile element that is used in the form of calcium ions (Ca*?),

and required for many biological functions in plants, including cell growth, division and
elongation. Moreover, it contributes to enzyme activation and salt balance; it is also

involved in developing plant tissue resistance (Poovaiah, 1986).

Magnesium (Mg): Mg is a mobile element, which is used by plants as a cation (Mg*?). It
constitutes an integral part of chlorophyll molecule, but also important for enzymes

activation, protein synthesis and respiration process (Uchida, 2000).



2.2. Micronutrients
Most of the micronutrients have key roles in activating enzymes or structural roles in

protein stabilization (Hansch & Mendel, 2009) The functions of few micronutrients are
summarized below: Copper (Cu) is taken up by plants in the form of Cu*?, and needed for
chlorophyll synthesis and serve as enzyme catalyst (Uchida, 2000). Manganese (Mn) has
a role similar to copper and it is taken by plant in the form of Mn*2 and Mn*3 (Uchida,
2000). Boron (B) is taken in the form of H3BOs, BOs™ and B4O7-? (Hajduk et al., 2017). It
has essential role in pollen germination, growth of new meristematic tissue, and
translocation on nitrogen, phosphorous, sugars and starches (Uchida, 2000). Molybdenum
(Mo) is taken by plants in the form of MoO4? (Kaiser et al., 2005), and is required for the
activation of the enzymes responsible for the reduction of NOs™ to NH4" in plants (Uchida,
2000). Moreover, it is required for N fixation by the rhizobia bacteria (Uchida, 2000).
Chloride (CI) is taken by plants in the form of Cl-and it is essential for activating enzymes,
improving drought and diseases resistance (McGrath & Penn, 2014). Furthermore, it
regulates the stomata guard cells (McGrath & Penn, 2014). Finally, zinc (Zn) is taken by
plants as Zn*?, and required for chlorophyll synthesis, growth hormones (auxins) and
carbohydrates production (McGrath & Penn, 2014).

2.3. Nutrients interactions

As each essential element has its unique role in plant life cycle completion, the interaction
between these elements could affect significantly plants growth and production. As stated
by Fageria (2006), the effect of nutrient interactions may be synergistic (positive effect) or
antagonistic (negative effect). The interactions happen between nutritional elements when

the addition of one element affects the absorption and the utilization of the other elements,



especially when one element is found in high concentration that is much more than needed

compared to other elements. The interactions have two types:

1. The interaction between ions that can form chemical bonds together and as a result
precipitates forming complexes. As an example, adding calcium to acid soil will
decrease most micronutrients, except molybdenum (Robson & Pitman, 1983).

2. The interaction between the ions that have similar chemical properties (similar
charge, size, etc.), which lead these interacted elements to compete for site of
absorption, function and transport on root surface or within the plant parts. This
type on interaction is more common between calcium, potassium, sodium and

magnesium ions (Robson & Pitman, 1983).

Many other factors besides elements concentrations can also affect the interactions between
the elements. Some of these factors are temperature, soil moisture and aeration, soil pH,
light intensity, root system, plants species, and respiration rate (Fageria, 2006).

2.4. Chemical fertilizers and soil fertility
The intensive use on chemical fertilizers can leave behind many environmental problems

and can affect water, soil and air:

- The effect of chemical fertilizers on air:

Uncontrolled usage of chemical fertilizers, specially nitrogen fertilizers will cause air
pollution by nitrogen oxides (NO, N20 and NO2) emissions. Moreover, ammonium
fertilizers can result in NHs evaporation which will damage vegetation, and can be oxidized
into nitric acids and sulfuring acid causing acid rain which will also damage vegetation and

organisms (Savci, 2012).



- The effect of chemical fertilizers on soil:

The direct and indirect application of chemical fertilizers would affect the chemical,
physical and biological properties of the soil (Belay et al., 2002). Specially fertilizers with
high levels of sodium and potassium would negatively affect soil pH and cause soil
structure deterioration (Savci, 2012). Studies also showed that chemical fertilizers would

affect microbial biomass and numbers of bacteria (Belay et al., 2002).

- The effect of chemical fertilizers on water:

Nitrogen fertilizers have the major effect on water environment, especially when nitrogen
accumulate and leach to reach the depth of soil. Since nitrate is negatively charged it can
reach ground water causing its pollution. It may also reach drinking water causing
dangerous disease in infants “methemoglobinemia” when found in high concentrations

(Savci, 2012).

As noted above, essential elements must be added in forms that are available to plants.
Most of these nutrients are found in the soil, although part is applied to leaves. Available
nutrients are dissolved in soil water, and if exist in non-available from (e.g. Ca) plants may
show deficiency symptoms. Accordingly, farmers usually add plant nutrients in the form
of chemical fertilizers. The direct delivery of fertilizers through drip irrigation demands the
use of soluble fertilizers and pumping and injection systems for introducing the fertilizers
directly into the irrigation system (Latina, 1999). Concerning forms of chemical fertilizers;
specially forms that contain sodium and chlorine such as potassium chloride fertilizer,

which vary widely, there are still no studies in Palestine to define the best forms.
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As for soil fertility, which is defined as “the quality of a soil that enables it to provide
nutrients in adequate amounts and in proper balance for the growth of specified plants or
crops” (Alkhouri, 2014), manmade activities (e.g. agricultural and industrial activities) and
natural causes (e.g. climatic change) affect highly soils, and may render them unproductive.
Among the negative effects are the soil erosion and salinization. In Palestine, salinization
IS an urgent issue in certain regions such as Jericho and Gaza strip. The causes of
salinization are divers, but intensive agriculture techniques, and the excessive use of
agrochemicals (e.g. synthetic chemical fertilizers) are among the major causes (Alkhouri,
2014). In Florida, one of their goals is to minimize the possible movement of nitrate-
nitrogen from cultivated plants to watersheds through the use of controlled-release

fertilizers without negatively impacting yields or quality (Simonne & Hutchinson, 2005).

Concerning sweet pepper, which is the subject of our case study, Sabli et al. (2010) noted
that higher pepper fruit yield is due to higher fertilizer use. Further, the increase in nitrogen
addition increases its uptake by plants which will also stimulate the uptake of potassium

and phosphorus through synergistic effect (Qawasmi, et al, 1999).

Concerning the economic significance of intensive agriculture in Palestine, the
optimization of the usage of agrochemicals in order to guarantee productivity, but also to

conserve soils and prevent any harm to soils and consumers is highly needed.
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Chapter three: Experimental part

3.1. Selection of farms:
Farms cultivating sweet pepper in greenhouses were chosen in four regions (Jenin,

Tulkarm, Qalgilya and Jordan valley). In each region three farms (three replicates) for the
selected plant type (Bell pepper) were included in the study. Following analyses, farms
from Tulkarm and Qalgilya were clustered together, as few farms in both regions
terminated their production cycle before the end of the season. Accordingly, in the results
sections, both regions are referred to as TUL&QAL.

3.2. Collecting samples:

For each geographic region, and in each farm, soil samples were collected (randomly from
the farm) from the soil upper layer (20- 30 cm soil depth) in three stages: Stage one: before

planting, stage two: after planting, during the fruiting, stage three: at the end of the season.

In addition to soil samples, plant tissue samples were collected during the growing season.
Three samples (three replicates) were taken from each farm, and each sample is composed
of 20 complete leaves. According to that, approximately 12 months were needed to collect
all samples.

3.3. Soil sampling and plant material:

All samples (soil and leaves samples) were dried and prepared (soil samples were also
sieved) according to the standard methods used in the laboratories of Munich University

of Applied Sciences, Freising — Germany.


https://www.hm.edu/en/
https://www.hm.edu/en/
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3.4. Chemical analyses of samples:
The collected samples were analyzed for their contents of plant nutrients using standard

protocols as described below.

3.4.1. Analysis of soil samples:
3.4.1.1. Determination of soil pH:

12 g of air-dried soil sample were mixed with 30 ml distilled water, mixed, and incubated
for 90 minutes. Further, samples were manually shacked for a second time after 60 minutes.

Measurements were conducted using InoLab pH meter (WTW/ STH 600); pH, Level 2).

3.4.1.2. Determination of Mg, Na, Cu, Mn, Zn, and B using CAT (Calcium chloride DTPA)
extract:

CAT stock solution: the solution was prepared by adding 14.7 g calcium chloride dihydrate

or 21.9 g calcium chloride hexahydrate, and 7.88 g DTPA in one-liter beaker with 800 ml
of water and heated at 80 °C. Solution was cooled and completed to one liter with deionized

water. The final concentration of the solution is 0.1 M CaCl2 and 0.02 M DTPA.

CAT final working solution: 100 ml from the CAT stock solution were added to one-liter

beaker and the volume completed to one liter with deionized water. The final concentration

of the working solution is 0.01 M CaClz and 0.002 M DTPA.

Determination Protocol: 30 g of air-dried sample were mixed with 300 ml of the pre-

prepared CAT solution, shacked for 90 min, followed by filtration. The filtrate was used

for nutrients analysis using ICP-OES spectrophotometer.

3.4.1.3. Determination of P and K using CAL (Calcium- Acetate- Lactate) extraction:

CAL stock solution: the solution was prepared by adding 770 g calcium lactate

(CeH12Ca06.5H20), and 395 g calcium acetate ((CH3COQ)2Ca.Hz20), dissolved in three
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liters of hot water and then cooled. 895 ml of acetic acid were added and volume was

completed to 10 liters with water

CAL final working solution: 10 liters from the CAL stock solution were diluted with 50

liters of water and the solution final concentration was 0.05 M calcium acetate and lactate,

and 0.3 M acetic acid.

Determination Protocol: 15 g air-dried soil were mixed with 300 ml of the pre-prepared

CAL working solution; shacked for 60 minutes, followed by filtration. The filtrate was

used for nutrients analysis using ICP-OES spectrophotometer.

3.4.1.4. Determination of salt content of soil (electrical conductivity (EC)):

30 g of air-dried soil were mixed with 300 distilled water, followed by shaking for 60
minutes, and finally filtrated. The filtrate was used to determine the salt content of soil by
measuring the EC values using the EC meter (inoLab® Cond 730 with TetraCon® 325

conductivity measuring cell.

3.4.2. Analysis of plant tissue samples:
3.4.2.1. Determination of mineral composition of plant tissue using microwave digestion:

Plant samples were dried and grinded to powder using liquid nitrogen. Around 0.5 g
(weight was determined exactly) of the dried and grinded plant sample was obtained and
8.0 ml of nitric acid (69%) were added to each sample. Following that, 4 ml of hydrogen
peroxide (H202) solution (30%) were added (few drops of 1-Octanol were added also to
prevent foaming). Following that, the mixtures were placed in Teflon digestion vessels and
closed. Vessels were placed in the microwave (according to the standard program to
operate the device) and digested for 60 minutes. After microwave digestion, the digested

extract was transferred to 50-ml falcons, and the column was completed with deionized
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water to 50 ml. The extract was then used for nutrients analysis using ICP-OES

spectrophotometer.

3.4.2.2. Determination of total nitrogen in plant tissues:

Around 20 mg (weight was taken exactly) of the air-dried and grinded plant tissue sample
were compressed into capsule and inserted into the nitrogen/protein analyser from Leco
Corporation (Moenchengladbach- Germany).

3.5. Documentation of farms information:

During the three visits to the farms (the three stages of collecting samples), all available
information about the fertilization programs and practices was documented through
interviews with farmers. These visits were followed by a fourth visit after finishing the
chemical analyses of samples. During this visit farmer’s opinions and suggestions about
the mistakes that chemical analysis showed were documented.

3.6. Data analysis and interpretation of results:

The obtained results were analyzed by calculating the mean and standard deviation of each
farm; farms of each region were grouped together for each date. The results were presented
as a comparison between regions and sampling. The obtained results were compared to

standard plant nutrition programs that were adopted in developed countries.
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Chapter Four: Results
The results that will be shown in the following figures reflect the analysis of soil samples
and plant tissue samples for bell pepper cultivated in greenhouses in Jenin, Qalgilya and
Tulkarm and Jericho regions. It is important to mention that during the course of this study,
the minimum acceptable levels are our reference points; such approach is the preferred one
for environmentally-sound agricultural production systems.
4.1. Soil pH
Soil pH is one of the most important factors that affects the availability of nutritional
elements for cultivated plants. Figure (1) shows that the soil pH just before planting (T1)
of all the selected farms exceeded 7.2. This value is considered high and affects negatively
the availability of few elements needed by plants, of particular importance is the
availability of iron (Fe). On the other hand, the results showed that the use of chemical
fertilizers caused a clear increase in soil pH in most regions, especially in Tulkarm and

Qalgilya and Jericho regions.

9.6

Soil pH
as | High > 7.2
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Figure 1: pH values of soil samples collected from greenhouses cultivated with sweet peppers at
three collection times (T1: before planting; T2: at the peak of growing season: T3: by the end of the
growing season) and from three regions (Jenin= JEN; Tulkarm and Qalqgilya= TUL&QAL,; and Jericho=
JER).
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4.2. Salt level
Figure (2) shows the salt levels in soils. It is obvious that the salt level in all regions

exceeded the accepted level (75 mg.100g), and in most regions the salt level exceeded
even the toxic level of 200 mg.100g™*. The highest soil salt level was in Tulkarm and
Qalgilya region, and the lowest was in Jenin. It can be said that the effect of chemical

fertilization on the soil salt level is limited, and it is difficult to find general change among

the regions.
1500 .
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—e— : T . T T
JEN T1 JEN T2 JENT3 TULGALT! TULQALT2 TULGAL T3 JERT1 JER T2
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Figure 2: salt level (mg.100g™) of soils collected from greenhouses cultivated with sweet peppers
at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the end of
the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalqilya= TUL&QAL,; and
Jericho=JER).

4.3. Phosphorus
Figure (3) shows the phosphorus level in soil samples. In all regions the phosphorus level

exceeded the maximum accepted level, with the highest levels for Jenin and Tulkarm and
Qalgilya regions, and the lowest for Jericho, although it is still too high. The levels varied
widely in Jenin and Tulkarm and Qalgilya regions, where the variance within Jericho

region wasn’t that much.
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In contrast, Figure (4) shows the phosphorus level in the plant tissue from the same regions,
where the phosphorus level in plant tissue in Tulkarm and Qalgilya and Jericho regions
were within the sufficient level (0.20-0.40 %), whereas in Jenin region it was lower than
the minimum sufficient level in plant tissues, although soils contain almost 10 times more

P than needed.
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Figure 3: Phosphorus level (mg.100g™) of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the
end of the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalgilya= TUL&QAL;
and Jericho= JER).
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Figure 4: Phosphorus level (%) of mature leaves of sweet peppers collected from Jenin, Tulkarm and
Qalqilya and Jericho regions.

4.4, Potassium
Figure (5) shows that potassium levels in soil samples in Tulkarm and Qalgilya and Jericho

regions exceeded the high level, but Jenin recorded the highest level of potassium, even
though some of the farms there were within the normal range. Further, the levels in Jenin

varied clearly between farms; from normal potassium level to very high level. High levels
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of potassium also were recorded in plant tissue samples in all regions as shown in figure

(6). As an example, it reached two times the needed level in Tulkarm and Qalqilya regions.
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Figure 5: Potassium level (mg.100g™) of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the
end of the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalgilya= TUL&QAL;
and Jericho= JER).
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Figure 6: Potassium level (%) of mature leaves of sweet peppers collected from Jenin, Tulkarm and
Qalqilya and Jericho regions.
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4.5. Nitrogen
Figure (7) shows that the nitrogen levels in plant tissue in all regions exceeded the high

level (3 %), which indicates that the added amount of nitrogen to the plant was much more

than needed.
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Figure 7: Nitrogen level (%) of mature leaves of sweet peppers collected from Jenin, Tulkarm and
Qalqilya and Jericho regions.
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4.6. Magnesium
Soil samples from all regions showed very high levels of magnesium; the level in Jericho

reached 40 times the needed level. It is noted that Jericho, Tulkarm and Qalgilya regions
have the highest magnesium level before planting (T1) and started to decline in at the peak
of growing season (T2), and were lowest by the end of the growing season (T3). But it is
exactly the opposite in Jenin region, where magnesium level was the highest by T3.
Further, all regions showed high levels of magnesium in plant tissues as shown in figure
(9). The highest levels were for Jenin, Tulkarm and Qalgilya regions with high variance in
levels in Tulkarm and Qalgilya regions. Jericho had the lowest magnesium levels and were

the nearest to the high acceptable level.
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Figure 8: Magnesium level (mg.100g™) of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the
end of the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalgilya= TUL&QAL;
and Jericho= JER).
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Figure 9: Magnesium level ( %) of mature leaves of sweet peppers collected from Jenin, Tulkarm and

Qalqilya and Jericho regions.
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4.7. Calcium
Figure (10) shows that almost all regions are within the sufficient level of calcium in the

soil, but it is the opposite in leaves tissues, as figure (11) shows; all regions had high levels

of calcium in the plant tissues.
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Figure 10: Calcium level (mg.100g™) of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the
end of the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalgilya= TUL&QAL;
and Jericho= JER).
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Figure 11: Calcium level ( %) of mature leaves of sweet peppers collected from Jenin, Tulkarm and
Qalqilya and Jericho regions.
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4.8. Iron
Figure (12) shows that iron content of soil were below the minimum sufficient level in all

regions. The highest was in Jenin even though it is still below the minimum sufficient level.
In contrast, iron levels in plant tissues in Tulkarm, Qalgilya and Jenin regions exceeded the
high acceptable level, almost twice the needed level with high variance in the same region,
as shown in figure (13); in Jericho the iron level was less than the other regions and didn’t

exceed the maximum acceptable level.
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Figure 12: Iron level (mg.100g™) of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the
end of the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalgilya= TUL&QAL;
and Jericho= JER).
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Figure 13: Iron level (mg.100g™) of mature leaves of sweet peppers collected from Jenin, Tulkarm
and Qalqilya and Jericho regions.

4.9. Manganese
Figure (14) shows that manganese levels of soil samples from Jenin farms exceeded the

acceptable level. In contrast, most of Jericho region farms were below the minimum
acceptable level; most farms in Tulkarm and Qalgilya regions were below the high

acceptable level.
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Figure (15) shows that plant tissue samples for most of the regions were below the

maximum acceptable level, but some farms in Jenin region farms exceeded that level.
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Figure 14: Manganese level (mg.100g™) of soils collected from greenhouses cultivated with
sweet peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3:
by the end of the growing season) and from three regions (Jenin=JEN; Tulkarm and Qalgilya=
TUL&QAL; and Jericho= JER).
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Figure 15: Manganese level (mg.100g™) of mature leaves of sweet peppers collected from Jenin,
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4.10. Copper
Figure (16) shows that soil copper content for most of the farms in Tulkarm, Qalgilya and

Jericho regions didn’t exceed the high acceptable level, but most of Jenin farms exceeded
that level. In figure (17) the plant tissue’s copper content of samples collected from most
regions exceeded the high acceptable level, with high variance in levels in Tulkarm and

Qalgilya regions; Jenin farms did not exceed that high acceptable level.
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Figure 16: Copper level (mg.100g™) of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the
end of the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalgilya= TUL&QAL;
and Jericho= JER).
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Figure 17: Copper level (mg.100g™) of mature leaves of sweet peppers collected from Jenin, Tulkarm
and Qalqilya and Jericho regions.
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4.11. Zinc
Figure (18) shows that zinc content of soil samples from all regions exceeded the high

acceptable level. The highest levels were Jericho farms, as they exceeded the needed level
by four times. However, results of plant tissue samples show that levels were below the

high acceptable level, except for some farms from Tulkarm and Qalgilya region.
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Figure 18: Zinc level (mg.100g™) of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the

end of the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalgilya= TUL&QAL;
and Jericho= JER).
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Figure 19: Zinc level (mg.100g™) of mature leaves of sweet peppers collected from Jenin, Tulkarm
and Qalqilya and Jericho regions.
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4.12. Boron

Figure (20) shows that boron levels for most farms exceeded the high acceptable level for
boron. The highest levels were for Jericho region, whereas the lowest levels were for farms
from Qalgilya and Tulkarm. Moreover, boron levels in that regions decreased in the second
sampling time; the opposite happened in Jericho. As for plant tissues, farms of Tulkarm

and Qalgilya regions had the highest boron levels, which exceeded the required limit by

more than double, although their soils had the lowest boron level.
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Figure 20: Boron level (mg.100g™) of soils collected from greenhouses cultivated with sweet
peppers at three collection times (T1: before planting; T2: at the peak of growing season: T3: by the
end of the growing season) and from three regions (Jenin= JEN; Tulkarm and Qalgilya= TUL&QAL;
and Jericho= JER).
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Figure 21: Boron level (mg.100g™) of mature leaves of sweet peppers collected from Jenin, Tulkarm
and Qalqilya and Jericho regions.
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4.13. Molybdenum
Figure (22) shows that all plant tissue samples have very high levels of molybdenum, which

exceeded the high acceptable level. The highest values were recorded for Jericho region

farms; they exceeded the needed level by ten times with high variance between farms.
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Figure 22: Molybdenum level (mg.100g™) of mature leaves of sweet peppers collected from Jenin,
Tulkarm and Qalgilya and Jericho regions.
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Figure (23) shows that the sulfur levels of plant tissues samples from all region’s plants

were high and exceeded the high acceptable level. Some of Jenin region farms were near

that limit, whereas farms from Tulkarm and Qalgilya regions had the highest sulfur levels.
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Figure 23: Sulfur level ( %5) of mature leaves of sweet peppers collected from Jenin, Tulkarm and

Qalqilya and Jericho regions.
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The results showed that the current fertilizing programs, as shown in table (1) below,

caused a huge increase in the main nutritional elements (N, P, and K). In addition, high

increases were reported also with magnesium levels in plant tissues and soil samples. This

increase had a huge negative impact on soil structure and properties (physical and chemical

properties). Table (2) showed the ratios between potassium and magnesium (K/Mg) and

calcium and magnesium (Ca/Mg), where there was a huge increase in magnesium. This, in

turn, would affect human health and cause real economic losses. Farmers usually do not

pay attention to these losses that are caused by the intensive use of fertilizers, which may

reach thousands of dollars yearly for each farm.

Table (1): Quantities and sources of the three essential nutrients (nitrogen, phosphorus,

potassium) compared to the recommendations.

Category
Actual; AVG (kg per dunum)
SD

Actual; AVG (kg per dunum)
SD

Actual; AVG (kg per dunum)
SD

Recommended (Haifa Chemicals) (Kg per
dunum)

Actual - recommended (kg per dunum)
% increase/decrease (Haifa Chemicals)
AVG: Average; SD: Standard deviation

Fertilizer type

Organic sources

Inorganic sources

Totals

N

42.91

35.25

34.86
23.78

7777
41.95

30.70

47.07
153.31

P20s
56.13
63.47

32.98
13.24

89.11
68.51

19.20

69.91
364.09

K20
42 .43
38.56

41.64
48.28

84.07
75.13

58.40

25.67
43.96



Table (2) The ratios between calcium and magnesium (Ca/Mg), and potassium and magnesium
(K/Mg) based on soil analysis results.

Farm Location K/Mg Ca/Mg
1 Jenin 0.065 0.920
2 Jenin 0.087 0.660
3 Jenin 0.175 0.722
4 Jericho 0.253 0.997
5 Jericho 0.051 0.293
6 Qalgilya 0.176 0.351
7 Tulkarm 0.239 0.682
8 Tulkarm 0.195 0.794
9 Tulkarm 0.216 0.671
10 Tulkarm 0.203 0.505

11 Tulkarm 0.171 0.658

12 Tulkarm 0.230 0.652



40
5.1. High soil pH
Soil pH value is an important factor for plant nutrition, and it is affected mainly by nitrogen
(Guan, 2016). Nitrogen is consumed by plants in two forms: Ammonium-N (NHa) * or
nitrate-N (NO3)". Upon plants uptake of NH4", there will be a release of H* ions, which
might decrease rhizosphere soil pH. On the other hand, the uptake of NOs™ nitrogen will

results in the release of OH" ions leading to an increase in rhizosphere soil pH (Guan, 2016).

In vegetable production in greenhouses farmers mainly use the nitrogen fertilizers in the
form of nitrate (e.g. potassium nitrate and calcium nitrate), as shown in table (3) below.
These fertilizers are highly soluble and provide other essential elements needed by crops
(Ghosh & Bhat, 1998). The preference of farmers for nitrate fertilizers is understandable,
although the soil pH in farms necessitates other fertilizers with acidic reactions, including
ammonium and sulfate fertilizers. However, ammonium may be toxic to plants specially
in cool weather, as bacteria in low temperature cannot do nitrification (converting ammonia
to nitrate) (Guan, 2016). This situation (high ammonium levels in leaves) can be solved

partially by increasing temperature or by using nitrate-N fertilizers. (Conesa et al,2008).
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Table (3): Nitrogen chemical formula in the used fertilizers.

Fertilizer Source of nitrogen

05:03:08 NO3 (68 %) + NH4 (32 %)

20:20:20 NOs (5.4 %) + NHa (3.4 %)
+ NH2 (11.2%)

17:10:27 NOs (11.3 %) + NHa (5.7
%)

07:03:07 NO3 (60 %) + NH4 (40 %)

13:0:46 NOs (100 %)

0:30:40 No Nitrogen

06:06:06 NO3 (55 %) + NH4 (45%)

0:34:52 No Nitrogen

20:10:20 NOs (12 %) + NHa (8 %)

10:0:30 NHa4

Ammoniac NH4

Ammonium acid NOsz + NH4

In the following; each nutritional element will be discussed separately, to show its effect
on plant’s growth and development.

5.2. Effect of nitrogen increase on plant growth and development
Nitrogen is the most nutritional element needed by plants (Aulakh & Malhi, 2005). The

results indicated that leaves from all studied farms had a very high level of nitrogen, due
to the intensive use of chemical fertilizers and organic fertilizers (animals’ manure).
Previous studies showed that high levels of nitrogen caused huge increase in the growth of

the vegetative parts in the plant (Fumis & Cechin, 2014). This has been confirmed by a
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study carried by Liu and others on sunflower plants, where they noticed that the dry weight
of the plant increased due to the increase of leaves number, as a result of the intensive use
of nitrogen as fertilizer. One of the main reasons that caused increase in nitrogen levels is

the addition of animal’s manure (Liu et al., 2014).

The negative impact of high nitrogen levels mainly appeared on fruit’s quality and quantity,
as high levels will increase the incidence of diseases (Parisi et al., 2014; Raese & Drake,
1997). Furthermore, nitrogen can affect negatively the uptake of other elements upon high
concentrations, such as the uptake of zinc, manganese and calcium. (Heidari &
Mohammad, 2012). So, the balanced ratios between the nutritional elements is always
important to ensure that plants get all the needed nutrients in the required quantity (Aulakh
& Malhi, 2005). The most important ratio is the one between nitrogen and phosphorus, in
addition to that the ratio between nitrogen and potassium during the fruiting phase; in
which, this ratio should be increased to meet the high demand of potassium by the plant

(Huett & Dettmann, 1988).

Based on the above mentioned studies, there is an urgent need to decrease the amounts of
nitrogen applied, by decreasing the use of nitrogen fertilizers (Banger et al,. 2018) and also

manure.
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5.3. Effect of phosphorus increase on plant growth and development
As mentioned before, phosphorus is considered one of the most important nutritional

elements for all kinds of plants. Its concentration in soil is usually less than the other two
major nutritional elements (N and K), and it is the same in plant tissues (McGrathet al.,

2014).

The process by which the organic compound dissociates to release phosphate or soluble
organic P is called mineralization, and its rate is the main factor for determining the amount
of organic P in soil (Menzies & Lucia, 2009). This process is affected by many
environmental factors such as temperature, moisture and pH. (Dalai, 1977). Soil
temperature controls the balance between mineralization and immobilization of P, since
temperature has a direct relation with microorganisms’ population and activity. In this
sense, soil temperatures above 30 °C accelerate mineralization of organic P, but soil
temperatures below 30 °C favor the immobilization (Menzies & Lucia, 2009). In addition,
organic phosphorus is less stable in alkaline soil, thus adding acids to soil will help and
increase plant uptake of phosphorus. Moreover, soil moisture level affects phosphorus and
other elements like nitrogen (Gahoonia & Nielsen, 1994). As a result, it is important to
define soil content of phosphorus and other nutritional elements in addition to the organic
compounds especially pre-fertilization (Sheffield, 2008). In this regard, it was shown that
the intensive use of organic fertilizers that contain phosphorus and nitrogen would affect
the uptake of other elements (e.g. zinc and iron) (Mousavi et al., 2013), and may cause
phosphorus accumulation in soil (Pizzeghello et al., 2011). When phosphorus level in soil
reaches 150-300 ppm, it may take three to five years to get rid of it completely; exceeding

this level will take more time (Sheffield, 2008).
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So, it is important to measure the level of soluble phosphorus in soil before fertilizing in
order to calculate the amount of phosphorus needed for the next season. In a study carried
by Menzies & Lucia (2009) it was found that the plants didn’t utilize all the available
phosphorus in one season, and the remaining amount of phosphorus after one year was 60
% of the total phosphorus; after 3 years the remaining amount reached 20 %. In addition,
the continues use of huge amounts of phosphorus fertilizers will lead the soil to a point
where there would be no response for any addition of phosphorus (Menzies & Lucia, 2009).
Depending on this, many strategies were suggested in order to decrease the high
concentration of phosphorus in soil including the following: analysis of phosphorus level
in soil (Provin & Pitt, 2008), determination of P level in water source (running water or
artesian wells water), analysis of used fertilizers before usage (Sheffield, 2008), the use of
low phosphorus fertilizers, cultivating crops that need high level of phosphorus, and
maintain soil acidity within the range that makes phosphorus available and absorbable by
the plant (Provin & Pitt, 2008).

5.4. Effect of potassium increase on plant growth and development

There are four different sources for potassium in soil, including: - soil minerals that are
considered the largest source of potassium but the least available for plant uptake, - the
exchangeable potassium source that is the readily available form of potassium and
absorbed easily by plant roots, - the unexchangeable potassium that forms 1-10 % of total
potassium and serves as a reserve source of potassium in soil, and - the potassium found in
organic matter or in the microbial population in soil that supplies very little potassium

(Prajapati & Modi, 2012).
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In order to achieve all these multiple roles of potassium, the ratios between potassium and
other essential elements (e.g. nitrogen, phosphorus, calcium and magnesium) must be taken
into consideration as they may affect the uptake and the utilization of potassium by plants
and thus affect crop quality and quantity (Daliparthy et al., 1994). As an example; there is
a strong interaction between potassium and nitrogen during the crop growth, as it was
noticed that when potassium in soil was below the optimal level, the response to nitrogen
fertilizers decreased, since the adequate amount of potassium is the key role for producing
proteins and enzymes (Malvi, 2011).

5.5. Effect of calcium increase on plant growth and development

Calcium abundance in alkaline soil in arid and semiarid region is related mainly to rainfall
rate, which affects the chemical composition and levels of calcium in soil (Jodral-Segado,
et al., 2006). Lower rates of precipitation render calcium more stable in soil. Accordingly,

calcium levels tend to increase in the soil’s upper layer (Ritchey, et al.,1980).

In our case, the calcium level in soil is normal, although levels are above the high sufficient
level in plant tissue. However, farmers have to avoid calcium reduction in soil, and need
to irrigate their crops frequently for efficient usage of available calcium and to avoid

calcium deficiency in fruits (Grant & Racz, 1987).
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5.6. Effect of magnesium increase on plant growth and development
Magnesium is common in many minerals, including primary minerals such as

ferromagnesium minerals (e.g. olivine and pyroxene) and secondary minerals such as
carbonates (e.g. dolomite and magnesite). Magnesium in soil can be found in several forms:
water soluble, exchangeable and nonexchangeable form of magnesium. The
nonexchangeable form of magnesium in soil is more than the exchangeable and water-

soluble Mg; 4-20 % of total Mg are exchangeable Mg (Henriksen, 1972).

The availability of Mg in soil, despite its form, depends on many factors including rocks
type, pH value, water type, cation exchange capacity, plant type and climate conditions
(Jodral-segado et al., 2006). Plant uptake of magnesium is affected by the presence of the
other exchangeable cations including ammonium, potassium, calcium, sulfur and
manganese. Further, the high soil pH and the ratios between magnesium and the other
exchangeable cations mentioned above, affect the uptake of magnesium (Henriksen, 1972),
Moreover magnesium levels affect the uptake of other elements by plants, specially
calcium and potassium, (Singh & Singh, 1970) since it has been found that the presence of
magnesium and calcium in high concentration affects the uptake of potassium, as they are
highly competitive (Grant & Racz, 1987). Accordingly, the ratios between magnesium and
other nutritional elements, like calcium and potassium, can affect the quality of fruits; the
ratio between calcium and magnesium (Ca/Mg) affects firmness, texture, storage capacity
(Gerendas & Fuhrs, 2013); in clay soil the ideal Ca/Mg ratio might be 7:1, whereas in sandy
soil the ideal ratio might be 3:1(Nitri-Tech solutions, 2015). Since calcium has a major role
in cell wall stabilization, and because the magnesium has the ability to replace calcium

from the binding site, then the unbalanced ratio between Ca and Mg will negatively affect
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the product quality. (Gerendés & Fuhrs, 2013). Otherwise, the ratio between potassium and
magnesium (K/Mg) influences the organoleptic properties by regulating cellular
cation/anion balance and initial pH, and also it can influence photosynthesis rate and the
accumulation of sugars (specially in fruits and roots). (Gerendas & Fihrs, 2013).
Accordingly, the increase in magnesium levels, more than the sufficient level needed by

plants, might be detrimental to product quality (Gerendéas & Fuhrs, 2013).

Although toxicity with magnesium occurs rarely, the Ca/Mg ratio of less than one, as
shown in this study, is too bad for cultivated plants and soils. The negative impact on soil
structural properties is evident, as magnesium is a divalent cation that has greater hydration
energy and radius than calcium, which will affect negatively the attraction force between
soil particles leading to soil dispersion. Upon plowing soils with excessive Mg levels,
massive soil blocks will form which will retard water flow resulting in poor water
distribution (Vyshpolsky et al., 2007). As for plant metabolism, Mg may lead to phosphate
precipitation and enzyme inhibition that could affect negatively photosynthesis rate
(Roosta, 2011). In addition, blocking of potassium flow inside the plants may occurs as
cellular Mg increases due to unbalanced ratio between Mg and other elements, including
Ca. (Roosta, 2011). Furthermore, soil pH might increase upon increases in calcium
carbonate content and Mg (McCauley et al., 2009). This in turn will affect the availability
of other nutritional elements, specially iron (Fe), which is considered one of the main
nutritional problem of plants cultivated in Palestine (Roosta. 2011); previous studies
showed that soils in semi-arid zones have high concentrations of both Ca and Mg (Jodral-
Segado, et al., 2006). Moreover, Mg-containing chemical fertilizers will add Mg to soil

(Roosta, 2011), which will worsen the soil staus.
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Cha pter SiX: Recommendations and conclusion

The results of this research reflect a very bad reality in the agricultural sector. That is
related to the uncontrolled use of chemical fertilizers. Accordingly, many
recommendations can be listed in order to decrease the environmental problems and
economic losses attached to this problem. Some of these recommendations (short-term)
can give quick positive results and can be applied within one to two seasons. However, to

solve the problem drastically, long-term recommendations are urgently needed.

Short-term recommendations:

1. Reducing the amount of organic fertilizers (animals’ manure), specially poultry
manure.

2. Washing greenhouse soil by the end of each season using large amount of water,
and/or growing a gluttonous plant for nutrients such as corn, spinach and cabbage
without adding phosphorus or magnesium fertilizers. Further, reductions in the
amounts of nitrogen and potassium fertilizers are needed.

3. Using fertilizers that have acidic effect which help to release tangible parts of
phosphorus and potassium.

4. Using decomposed animal manures to maintain the survival of decomposing

bacteria.
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Long-term recommendations:

1. Build up high efficiency laboratories, in order to have the ability to analyze soil,
plant tissue and water samples with affordable price, so that the farmers can control
the addition of fertilizers by knowing the amount of nutrients in his farm before
each season.

2. Future research is highly needed to achieve balanced fertilization program for each
region.

3. Control the quality of the available fertilizers used by farmers. This requires the
presence of modern laboratories to analyze the component of these fertilizers.

4. Provide training programs in “Plant nutrition” for agricultural extensionists, in
order to be able to give the farmers the right advices about the appropriate fertilizers
to use with the right quantity depending on the requirements of the farm.

5. Development of local chemical industries (chemical fertilizers) in Palestine with
Arabic description for application timing and quantities.

6. Development of agricultural guides for the available agrochemicals.



50

References

Alkhouri,S. Soil Fertility in Jericho and Al-Auja, West Bank, Palestine Soil Fertility in
Jericho and Al-Auja, West Bank, Palestine, 2014.

Aulakh, M. S., & Malhi, S. S. (2005). Interactions of nitrogen with other nutrients and
water: Effect on crop yield and quality, nutrient use efficiency, carbon sequestration, and
environmental pollution. Advances in agronomy, 86, 341-409.

Banger, K., Nafziger, E. D., Wang, J., Muhammad, U., & Pittelkow, C. M. (2018).
Simulating nitrogen management impacts on maize production in the US Midwest. PloS
one, 13(10), e0201825.

Basu, S. K., De, A. K., & De, A. (2003). Capsicum: historical and botanical
perspectives. Capsicum: the genus Capsicum, 33, 1-15.

Belay, A., Claassens, A., & Wehner, F. C. (2002). Effect of direct nitrogen and potassium
and residual phosphorus fertilizers on soil chemical properties, microbial components and
maize yield under long-term crop rotation. Biology and Fertility of Soils, 35(6), 420-427.

Cechin, 1., & de Fatima Fumis, T. (2004). Effect of nitrogen supply on growth and
photosynthesis of sunflower plants grown in the greenhouse. Plant Science, 166(5), 1379-
1385.

Conesa, E., Nifiirola, D., Vicente, M. J., Ochoa, J., Bafion, S., & Fernandez, J. A. (2008,
August). The influence of nitrate/ammonium ratio on yield quality and nitrate, oxalate and
vitamin C content of baby leaf spinach and bladder campion plants grown in a floating
system. In International Symposium on Soilless Culture and Hydroponics 843 (pp. 269-
274).

Dalai, R. C. (1977). Soil organic phosphorus. In Advances in agronomy (Vol. 29, pp. 83-
117). Academic Press.

Daliparthy, J., Barker, A. V., & Mondal, S. S. (1994). Potassium fractions with other
nutrients in crops: a review focusing on the tropics. Journal of Plant Nutrition, 17(11),
1859-1886.

Fageria, V. D. (2001). Nutrient interactions in crop plants. Journal of plant nutrition, 24(8),
1269-1290.

Gahoonia, T. S., Raza, S., & Nielsen, N. E. (1994). Phosphorus depletion in the rhizosphere
as influenced by soil moisture. Plant and Soil, 159(2), 213-218.

Gerendas, J., & Fihrs, H. (2013). The significance of magnesium for crop quality. Plant
and Soil, 368(1-2), 101-128.

Ghosh, B. C., & Bhat, R. (1998). Environmental hazards of nitrogen loading in wetland
rice fields. Environmental pollution, 102(1), 123-126.



51

Gransee, A., & Fihrs, H. (2013). Magnesium mobility in soils as a challenge for soil and
plant analysis, magnesium fertilization and root uptake under adverse growth
conditions. Plant and Soil, 368(1-2), 5-21.

Grant, C. A., & Racz, G. J. (1987). The effect of Ca and Mg concentrations in nutrient
solution on the dry matter yield and Ca, Mg and K content of barley (Hordeum vulgare
L.). Canadian journal of soil science, 67(4), 857-865.

Grusak, M. A., Broadley, M. R., & White, P. J. (2001). Plant Macro-and Micronutrient
Minerals. eLS, 1-6.

Guan, W. (2016). Effects of Nitrogen Fertilizers on Soil pH.

Hénsch, R., & Mendel, R. R. (2009). Physiological functions of mineral micronutrients
(cu, Zn, Mn, Fe, Ni, Mo, B, cl). Current opinion in plant biology, 12(3), 259-266.

Harb, J., Halla Shoaibi, Naser Qadous. (2016). Options for Moving Towards Organic
Farming in the Palestinian Territory Infrastructure, Institutional Framework and Legal
Perspectives. Palestine Economic Policy Research Institute (MAS), Jerusalem and
Ramallah (ISBN 978-9950-374-71-3).

Hajduk, E., Gasior, J., Wilasniewski, S., Nazarkiewicz, M., & Kaniuczak, J. (2017).
Influence of liming and mineral fertilization on the yield and boron content of potato tubers
(Solanum tuberosum L.) and green mass of fodder sunflower (Helianthus annuus L.)
cultivated in loess soil. Journal of Elementology, 22(2).

Hawkesford, M., Horst, W., Kichey, T., Lambers, H., Schjoerring, J., Magller, I. S., &
White, P. (2012). Functions of macronutrients. In Marschner's “Mineral nutrition of higher
plants” (pp. 135-189). Academic Press.

Heidari, M., & Mohammad, M. M. (2012). Effect of rate and time of nitrogen application
on fruit yield and accumulation of nutrient elements in Momordica charantia. Journal of
the Saudi society of Agricultural Sciences, 11(2), 129-133.

Henriksen, A. (1972). Biologically available versus exchangeable magnesium in soil .Plant
and Soil543-529 ,(3)37 ,

Huett, D. O., & Dettmann, E. B. (1988). Effect of nitrogen on growth, fruit quality and
nutrient uptake of tomatoes grown in sand culture. Australian Journal of Experimental
Agriculture, 28(3), 391-399

Jodral-Segado, A. M., Navarro-Alarcon, M., De La Serrana, H. L. G., & Lopez-Martinez,
M. C. (2006). Calcium and magnesium levels in agricultural soil and sewage sludge in an
industrial area from Southeastern Spain: relationship with plant (Saccharum officinarum)
disposition. Soil & Sediment Contamination, 15(4), 367-377.

Kaiser, B. N., Gridley, K. L., Ngaire Brady, J., Phillips, T., & Tyerman, S. D. (2005). The
role of molybdenum in agricultural plant production. Annals of botany, 96(5), 745-754.



52

Kant, S., Bi, Y. M., & Rothstein, S. J. (2010). Understanding plant response to nitrogen
limitation for the improvement of crop nitrogen use efficiency. Journal of experimental
Botany, 62(4), 1499-15009.

Latina, A. (1999). Recent techniques in fertigation of horticultural crops in Israel.
In Workshop on recent trends in nutrition management horticultural crops. Dapoli,
Maharashtra, India (pp. 11-12).

Liu, C. W,, Sung, Y., Chen, B. C., & Lai, H. Y. (2014). Effects of nitrogen fertilizers on
the growth and nitrate content of lettuce (Lactuca sativa L.). International journal of
environmental research and public health, 11(4), 4427-4440.

Loncari¢, Z., & Loncarié¢, R. (2004). Computer system for fertilizer recommendations and
economic analyses of field vegetable ecological production in Croatia. In International
Symposium Towards Ecologically Sound Fertilisation Strategies for Field Vegetable
Production 700 (pp. 217-220).

Malvi, U. R. (2011). Interaction of micronutrients with major nutrients with special
reference to potassium. Karnataka Journal of Agricultural Sciences, 24(1).

Martinez, Y., Diaz, L., & Manzano, J. (2002, August). Influences of nitrogen and
potassium fertilizer on the quality of ‘Jupiter’ pepper (Capsicum annuum) under storage. In
XXVI International Horticultural Congress: Issues and Advances in Postharvest
Horticulture 628 (pp. 135-140).

Maximum yield, plant nutrition, fertilizer
< https://www.maximumyield.com/definition/202/fertilizer>

McCauley, A., Jones, C., & Jacobsen, J. (2009). Soil pH and organic matter. Nutrient
management module, 8, 1-12.

McGrath, J. M., Spargo, J., & Penn, C. J. (2014). Soil fertility and plant nutrition. In Plant
Health. Elsevier.

Menzies, N., & Lucia, S. (2009). The science of phosphorus nutrition: forms in the soil,
plant uptake, and plant response. Science, 18, 09.

Mousavi, S. R., Galavi, M., & Rezaei, M. (2013). Zinc (Zn) importance for crop
production—a review. International Journal of Agronomy and Plant Production, 4(1), 64-
68.

Naidu. K.A., (2003). Review: Vitamin C in human health and disease is still a mystery?
An overview. Nutrition Journal, 2:7-17.

North Carolina Extension Gardener Handbook, Soils and Plant Nutrients
<https://content.ces.ncsu.edu/extension-gardener-handbook/1-soils-and-plant-nutrients>



https://www.maximumyield.com/definition/202/fertilizer
https://content.ces.ncsu.edu/extension-gardener-handbook/1-soils-and-plant-nutrients

53

Qawasmi, W., Mohammad, M. J., Najim, H., & Qubursi, R. (1999). Response of bell
pepper grown inside plastic houses to nitrogen fertigation. Communications in Soil Science
and Plant Analysis, 30(17-18), 2499-2509.

Parisi, M., Giordano, L., Pentangelo, A., D'onofrio, B., & Villari, G. (2004). Effects of
different levels of nitrogen fertilization on yield and fruit quality in processing tomato.
In International Symposium Towards Ecologically Sound Fertilisation Strategies for Field
Vegetable Production 700 (pp. 129-132).

Peoples, M. B., Herridge, D. F., & Ladha, J. K. (1995). Biological nitrogen fixation: an
efficient source of nitrogen for sustainable agricultural production?. In Management of
Biological Nitrogen Fixation for the Development of More Productive and Sustainable
Agricultural Systems (pp. 3-28). Springer, Dordrecht.

Pilon-Smits, E. A., Quinn, C. F., Tapken, W., Malagoli, M., & Schiavon, M. (2009).
Physiological functions of beneficial elements. Current opinion in plant biology, 12(3),
267-274.

Poovaiah, B. W. (1986). Role of calcium in prolonging storage life of fruits and
vegetables. Food Technol, 40(5), 86-89.

Prajapati, K., & Modi, H. A. (2012). The importance of potassium in plant growth—A
review. Indian J. Plant Sci, 1, 177-186.

Provin, T., & Pitt, J. L. (2008). Phosphorus--Too Much and Plants May Suffer. Texas
FARMER Collection.

Raese, J. T., & Drake, S. R. (1997). Nitrogen fertilization and elemental composition
affects fruit quality of ‘Fuji’apples. Journal of plant nutrition, 20(12), 1797-1809.

Ritchey, K. D., Souza, D. M., Lobato, E., & Correa, O. (1980). Calcium Leaching to
Increase Rooting Depth in a Brazilian Savannah Oxisol 1. Agronomy Journal, 72(1), 40-
44,

Robson, A. D., & Pitman, M. G. (1983). Interactions between nutrients in higher plants.
In Inorganic plant nutrition (pp. 147-180). Springer, Berlin, Heidelberg.

Roosta, H. R. (2011). Interaction between water alkalinity and nutrient solution pH on the
vegetative growth, chlorophyll fluorescence and leaf magnesium, iron, manganese, and
zinc concentrations in lettuce. Journal of plant nutrition, 34(5), 717-731.

Sabli, H. M. Z., Gowing, J. W., & Wilcockson, S. J. (2010, August). Effects of different
nutrient formulations supplied at different crop growth stages on yield in bell pepper
(Capsicum annuum L.) plants grown in stonewool. In XXVIII International Horticultural
Congress on Science and Horticulture for People (IHC2010): International Symposium on
927 (pp. 315-322).

Savci, S. (2012). An agricultural pollutant: chemical fertilizer. International Journal of
Environmental Science and Development, 3(1), 73.



54

Schachtman, D. P., Reid, R. J., & Ayling, S. M. (1998). Phosphorus uptake by plants: from
soil to cell. Plant physiology, 116(2), 447-453.

Sharpley, A. (2000). Phosphorus availability. Handbook of soil science, D18-D30.

Wakeel, A., Farooq, M., Qadir, M., & Schubert, S. (2011). Potassium substitution by
sodium in plants. Critical reviews in plant sciences, 30(4), 401-413.

Sheffield, R. E. (2008). Mitigating high-phosphorus soils.

Simonne, E. H., & Hutchinson, C. M. (2005). Controlled-release fertilizers for vegetable
production in the era of best management practices: Teaching new tricks to an old dog.
HortTechnology, 15(1), 36-46.

Singh, R., & Singh, R. (1970). Effect of Magnesium Nutrition on Plant Growth and
Multiplication of Potato Virus X. In Phyton: Annales Rei Botanicae (p. 289). F. Berger.

Six secrets to soil test success (part 1), Nitri-Tech solutions, 2015

<https://blog.nutri-tech.com.au/six-secrets-to-soil-test-success-1/>

Tripathi, D. K., Singh, V. P., Chauhan, D. K., Prasad, S. M., & Dubey, N. K. (2014). Role
of macronutrients in plant growth and acclimation: recent advances and future prospective.
In Improvement of Crops in the Era of Climatic Changes (pp. 197-216). Springer, New
York, NY.

Uchida, R. (2000). Essential nutrients for plant growth: nutrient functions and deficiency
symptoms. Plant nutrient management in Hawaii’s soils, 31-55.

Vyshpolsky, F., Qadir, M., Karimov, A., Mukhamedjanov, K., Bekbaev, U., Paroda, R., ...
& Karajeh, F. (2008). Enhancing the productivity of high-magnesium soil and water
resources in Central Asia through the application of phosphogypsum. Land Degradation &
Development, 19(1), 45-56

Wang, M., Zheng, Q., Shen, Q., & Guo, S. (2013). The critical role of potassium in plant
stress response. International journal of molecular sciences, 14(4), 7370-7390.


https://blog.nutri-tech.com.au/six-secrets-to-soil-test-success-1/

55
Appendix: (Farms information)

Location: Tulkarm  Farmer:1  Crop (when the sample was taken): Sweet Pepper

Plant samples  Calcium Potassium Phosporus Nitrogen
4.2 4.2 0.16 3.3
Magnesium Zinc Iron Sodium Sulfur
0.8 32.6 192 0.014 0.4
Copper Molybdenum Boron Manganese
7.2 1.3 47.8 55.7
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 369.9 26.6 166.4
Time 2 698.6 25.9 162.8
Soil samles Zinc Iron Sodium Magnesium
Time 1 8.2 8 222.8 534.2
Time 2 5 5.5 353.9 599.9
Soil samples pH Salinity Manganese Copper
Time 1 7.9 204.6 51.6 34
Time 2 7.9 365.3 36.4 2.1
Soil samples Chloride Molybdenum Boron
Time 1 0.9

Time 2 0.7
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Organic sources:
Type Quantity Times

Cow manure 20 (2-3 year) Before planting

Chemical fertilizers:

Type Quantity Times
20:20:20 25kg Whole season
13:13:13 25kg

11:08:22 25kg

11:08:27 25kg

05:03:08 37.5L

07:03:07 37.5L

Ecostar, Humus
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Location: Tulkarm Farmer: 2

Crop (when the sample was taken): Sweet pepper

Plant samples Calcium Potassium Phosporus Nitrogen
3 5 0.2 4.6
Magnesium Zinc Iron Sodium Sulfur
0.6 79.8 99.9 0.009 0.5
Copper Molybdenum Boron Manganese
8.3 0.8 39.8 413.3
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 702.1 46.6 212
Time 2 935.5 44.1 206.4
Time 3 723.8 41.3 196.4
Soil samles Zinc Iron Sodium Magnesium
Time 1 11.3 10.4 3704 538.2
Time 2 7.8 6.6 457.6 640
Time 3 6.6 6.4 318.8 604.7
Soil samples pH Salinity Manganese Copper
Time 1 7.7 386.6 78.1 6.8
Time 2 7.6 504 425 3.2
Time 3 7.7 356.6 50.6 2.9
Soil samples Boron Chloride Molybdenum
Time 1 1.3
Time 2 0.8
Time 3 0.8
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Organic sources:
Type Quantity Times

cow + chicken manure 2 Once each year
C

Chemical fertilizers:

Type Quantity Times
Superphosphate + s 50Kg(superphosphate)+400kg
for each 1000m?(a=s)

20:20:20 15kg/1000m? Twice

13:13:13 15kg/1000m? Once

10:0:30 15-20kg/1000m? 4 times

Sheffer 07:03:07 20L/1000m? 12 times (once each 2
weeks for 10 months)

Sheffer 05:03:08 20L/1000m? 6 times during the
season

20:10:30 20L 3 time during the
season

Iron 5kg (when needed) Whole season
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Location: Tulkarm Farmer: 3

Crop (when the sample was taken): Sweet Pepper

Plant samples Calcium Potassium Phosporus Nitrogen
3.1 3.9 0.2 3.7
Magnesium Zinc Iron Sodium Sulfur
375 158.3 0.007 0.4
Copper Molybdenum Boron Manganese
0.6 51.6 38
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 1281.4 35.2 248.8
Time 2 491.8 35.7 272.6
Time 3 9551.1 27.7 239.6
Soil samles Zinc Iron Sodium Magnesium
Time 1 7.3 6 674.6 690.5
Time 2 9.8 7.1 425.1 5744
Time 3 10.7 8.4 403.8 565
Soil samples pH Salinity Manganese Copper
Time 1 7.7 663.6 56.4 2.9
Time 2 8 297.3 61.5 3.7
Time 3 7.9 319.6 66 4
Boron Chloride Molybdenum
Time 1 0.8
Time 2 0.9
Time 3 1.1
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Organic sources:
Type Quantity Times

Chicken manrue 7 ton

Chemical fertilizers:

Type Quantity Times

Superphosphate 100kg/1000m? Before planting

20:10:30(+2) 4kg/1000m? Each week for month

0:34:52 2kg/1000m? 6 Times during the
season

Ammoniac 125kg

13:13:13 25kg/1000m? At the beginning of

the season
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Location: Qalgilya  Farmer: 4

Crop (when the sample was taken): Sweet pepper

Plant samples Calcium Potassium Phosporus Nitrogen
2.9 5.3 0.3 4.6
Magnesium Zinc Iron Sodium Sulfur
0.6 45.3 130.7 0.02 0.5
Copper Molybdenum Boron Manganese
12.6 0.8 46.2 67.9
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 378.1 37.9 27.1
Time 2 1026.2 50.7 66.7
Time 3 690.6 49.9 82.8
Soil samles Zinc Iron Sodium Magnesium
Time 1 2.4 9.5 154.2 378.1
Time 2 5.2 16.6 194.4 621.1
Time 3 4.8 11.8 142.9 547.4
Soil samples pH Salinity Manganese Copper
Time 1 7.7 192.5 47.8 24
Time 2 7.6 439.3 66.4 3
Time 3 7.6 318.6 58.8 2.7
Soil samples Boron Chloride Molybdenum
Time 1 0.5
Time 2 0.7
Time 3 0.7
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Greenhouse in Jayoues, with a total area of 1000m? planted with Sweet Pepper (this
greenhouse was planted for 2 years with different type of plants)

Organic sources:
Type Quantity Times

Cow manure 10 ton Before planting

Chemical fertilizers:
Type Quantity Times

20:20:20 25Kg From planting to
picking season (5Kg
each 2 weeks)

27:10:17 25Kg During the picking
season (5 kg each
week)

22:08:11 25Kg During picking season

Ammoniac fertilizer 25Kg At the beginning of
transplanting

Phosphoric acid 15L After picking season

Iron 2Kg During the season

What are the main reasons for excessive use of chemical fertilizers?
The addition of fertilizers depends on the farmers, they assume adding more fertilizers will
increase production and quality of fruits.
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Location: Qalgilyia ~ Farmer: 5

Crop (when the sample was taken): Sweet pepper

Plant samples Calcium Potassium Phosporus Nitrogen
3.4 3.2 0.2 3.7
Magnesium Zinc Iron Sodium Sulfur
1.2 40.7 126.8 0.019 0.5
Copper Molybdenum Boron Manganese
488.5 0.4 47.1 62.7
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 1922.1 86.3 300.2
Time 2 787.4 27.6 214
Soil samles Zinc Iron Sodium Magnesium
Time 1 16.5 6.9 1073.4 1152.8
Time 2 9.6 6.2 523.6 771.8
Soil samples pH Salinity Manganese Copper
Time 1 7.8 1095 57.9 3.7
Time 2 7.8 463.6 32.7 3
Soil samples Boron Chloride Molybdenum
Time 1 1.5 0
Time 2 1 0
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Greenhouse with total area of 1000 m? in Al Nabi Elyas village (Qalgilya), each season its

planted sweet pepper or tomato, and this farm was recorded as global gab farm in
2008,2010,2011.

Organic sources:
Type Quantity Times

Compost 50 bag (bag volume 20L)  Before planting and after
the soil is prepared

Superphosphate 50 Kg During soil preparation

Chemical fertilizers:

Type Quantity Times

Ammoniac fertilizer 25Kg After planting or

08:03:05 50L During picking season (5L
each week)

22:08:11 25Kg During picking season

Phosphoric acid 10L During picking season

Iron 2Kg During picking season

Mageisal (Jisise) 5Kg During picking season

Calcium 1L During picking season

What are the main reasons for excessive use of chemical fertilizers?
The addition of fertilizers depends on the farmer not on soil analysis results.
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Location: Jenin Farmer: 6 Crop (when the sample was taken): Sweet Pepper

Plant samples Calcium Potassium Phosporus Nitrogen
2.8 5.7 0.2 4.5
Magnesium Zinc Iron Sodium Sulfur
64.3 257.8 0.01 0.5
Copper Molybdenum Boron Manganese
0.7 97.3 79.8
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 402.7 78.2 319.1
Time 2 370.6 70.3 272.9
Time 3 626.9 85.2 256.9
Soil samles Zinc Iron Sodium Magnesium
Time 1 12.9 6 107.5 610.7
Time 2 8.7 3.4 119 585.4
Time 3 131 6.5 178.3 687.6
Soil samples pH Salinity Manganese Copper
Time 1 7.5 227.6 36.7 6.3
Time 2 7.9 207.3 21.1 4.0
Time 3 7.8 332.2 36.1 5.8
Soil samples Boron Chloride Molybdenum
Time 1 1.2
Time 2 0.8
Time 3 1.3
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This farm was planted on 15/03/2017 with sweet pepper, the season stayed until January,
the soil was sterilized using metam sodium

Organic sources:

Type Quantity Times

Turkey manure 4 cubic meter/1000m? Before 45 day of
planting

Chemical fertilizers:

Type Quantity Times

13:13:13 5kg/1000m? First week of planting

13:13:13 5kg/1000m?/week For 60 day

07:03:07 5L/1000m?/week From 60 day to 100
day

11:08:20 5kg/1000m?/week From 120 day to 170
day

Iron 2kg/1000m? During the season

Micronutrient 2L./1000m?/week During the season

0:30:40 2L./1000m?/week During the season

Sulfatepostasuim 106kg From day 18 until the

end of the season

What are the main reasons for excessive use of chemical fertilizers?
To increase the vegetative growth, production and the instructions of agricultural

engineers.
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Location: Jenin  Farmer: 7

Crop (when the sample was taken): Sweet Pepper

Plant samples Calcium Potassium Phosporus Nitrogen
3.8 5.0 0.14 35
Magnesium Zinc Iron Sodium Sulfur
0.8 44.9 299.9 0.01 04
Copper Molybdenum Boron Manganese
6.1 0.5 55.7 88.7
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 351.2 87.2 194.6
Time 2 450.8 130.8 211.9
Time 3 714.7 234.9 236.1
Soil samles Zinc Iron Sodium Magnesium
Time 1 94 29.8 441.1 602.1
Time 2 6.5 9.6 645.5 645
Time 3 13.2 26.2 750.3 681.2
Soil samples pH Salinity Manganese Copper
Time 1 7.8 275.6 419 4.4
Time 2 7.9 382.6 24.3 24
Time 3 8.0 441.3 39.5 3.8
Soil samples Chloride Molybdenum Boron
Time 1 0 1.2
Time 2 0 11
Time 3 0.03 1.9
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This farm was planted on 10/02/2017 with sweet pepper, the soil was sterilized using

metam sodium

Organic sources:

Type Quantity Times

Cow manure 15 cubic meter/1000m? Before 45 day of
planting

Chemical fertilizers:

Type Quantity Times

Phosphoric acid 5L/1000m? First week

Phosphoric acid 5L/1000m? Second week

Aluminum sulfate 7kg/1000m? Third week

13:13:13 7kg/1000m? From the fourth week
to the sixth week

Urea fertilizer 5kg/1000m? Week seventeen

11:08:22 7kg/10002 From day 70-120

0:52:34 3kg/1000m?

Organic fertilizer (Ecostar) 20L During the season

11:08:22 7kg/1000m? From week 20 to the

end of the season

What are the main reasons for excessive use of chemical fertilizers?
Improve the quality of fruits and the quantity of production and to kill all soil diseases and

remove the grass
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Location: Jenin

Farmer: 8 Crop (when the sample was taken): Sweet Pepper

Plant samples Calcium Potassium Phosporus Nitrogen
4.3 3.7 0.15 3.7
Magnesium Zinc Iron Sodium Sulfur
1.3 27.7 159.2 0.006 0.5
Copper Molybdenum Boron Manganese
4.3 0.19 44.8 106.8
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 304.2 11 194.2
Time 2 457.3 145 161.9
Time 3 218.9 6.3 158.3
Soil samles Zinc Iron Sodium Magnesium
Time 1 9.7 23.3 204.3 521.4
Time 2 6.8 15.5 280.2 561.4
Time 3 9.3 20.7 274.3 498.9
Soil samples pH Salinity Manganese Copper
Time 1 7.7 174.3 203.9 6.4
Time 2 7.6 247.3 131.6 4.1
Time 3 7.8 159.3 238.5 6.4
Soil samples Boron Chloride Molybdenum
Time 1 1.9 0.03
Time 2 14 0
Time 3 2 0
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Greenhouse with total area of 1000m?

Organic sources:

Type Quantity Time

Sweet pepper 1250 plant 15/03/2017

Sweet pepper 1250 plant 10/03/2017
Chemical fertilizers:

Type Quantity Time

Superphosphate 100kg Before planting

Ammoniac 50kg Before planting

20:20:20 7kg 10/04/2017

Ecostar 5L 17/04

20:20:20 8kg 25/04

Iron 0.5kg 25/04

20:10:20 8kg 05/05

Ecostar 5L 12/05

Ammoniac 8kg 12/05

Compound fertilizer 10kg 22/05

Compound fertilizer 10kg 02/6

Ammoniac 8kg 15/06

20:10:20 8kg 10/07

11:08:22 8kg 20/07

20:20:20 8kg 05/08



20:20:20 8kg 15/08

20:10:20 8kg 25/08
11:08:22 8kg 10/09
11:08:22 8kg 25/09
13:13:13 140kg

What are the main reasons for excessive use of chemical fertilizers?
To increase production, quality and quantity of fruits.
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Location: Jericho  Farmer: 9

Crop (when the sample was taken): Sweet Pepper

Plant samples Calcium Potassium Phosporus Nitrogen
3.8 4 0.2 4.2
Magnesium Zinc Iron Sodium Sulfur
2 97.4 392.5 0.03 0.5
Copper Molybdenum Boron Manganese
8.3 0.8 46.8 66
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 683.9 57.1 151.6
Time 2 501 73.3 182.7
Time 3 236.3 48.4 180.3
Soil samles Zinc Iron Sodium Magnesium
Time 1 14.9 4.6 905.2 890.2
Time 2 17 5.4 762.2 822
Time 3 15.7 6 443.3 738.1
Soil samples pH Salinity Manganese Copper
Time 1 8.1 678.3 16.5 2.5
Time 2 8.1 562.3 13.9 2.6
Time 3 8.4 258.3 11.9 2.8
Soil samples Boron Chloride Molybdenum
Time 1 2.4 0
Time 2 2.7 0
Time 3 2.6 0
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The green house was planted with sweet pepper at 20/10/2017, the soil was sterilized with
metam sodium before two weeks of planting (15L/1000m?)

Organic sources:
Type Quantity Times

Cow + chicken manrue 2 cubic meter/1000? 15/10

Chemical fertilizers:

Type Quantity Times

Humic acid 2L/1000m? First week of the season
Humic acid 3L/1000m? Second week
Ammonium sulfate 4kg/1000m? Once each 10 days
Phosphoric acid 21./1000m? Once each mounth

Iron 1kg/1000m? Whole season



Location: Jericho

Farmer: 10
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Crop (when the sample was taken): Sweet Pepper

Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 398 68.4 195

Time 2 281.2 97 223.5

Time 3 280 73.5 197.4

Soil samles Zinc Iron Sodium Magnesium
Time 1 11.4 6 470 662
Time 2 13.1 7.4 417 591
Time 3 14.4 7.4 175 587
Soil samples pH Salinity Manganese Copper
Time 1 8 313 49 3.4
Time 2 8.2 274.7 26.4 2.7
Time 3 8.2 192.7 21.4 3.3
Soil samples Boron Chloride Molybdenum

Time 1 1 0.06

Time 2 0.4 0.03

Time 3 1 0

Sweet pepper was planted on 20/10/2017 in Jericho, the soil was sterilized using sodium

metam before 2 months of the season.
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Organic sources:

Type Quantity Times
Cow manure 5 cubic meter/1000m? 2 months before the season
starts

Chemical fertilizers:

Type Quantity Times

Phosphoric acid 5L/1000m? First week of the season

Ammoniac 15kg/1000m? /weeks Once each 2 weeks

13:13:13 7kg/1000%/week From the second week to
the second month

11:08:20 7kg/1000m?/week At the beginning of the
third month to the fifth
month

Iron 2kg/week Whole season

05:03:08 10L/1000m?/week During the first and the
second month

0:30:40 3L/week/1000m? During the third and
fourth month

Micronutrients 10L/1000m? Whole season

Humic acid 3L/1000m? Whole season

What are the main reasons for excessive use of chemical fertilizers?
To increase the quality and the production of fruits.



Location: Tulkarm

Farmer: 11
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Crop (when the sample was taken): Sweet pepper

Plant samples

Magnesium
0.4
Copper
10.2
Soil Samples
Time 1
Time 2
Time 3
Soil samles
Time 1
Time 2
Time 3
Soil samples
Time 1
Time 2
Time 3
Soil samples
Time 1
Time 2

Time 3

Calcium
2.4
Zinc

48.1

Calcium
272.0
464.6
149.1
Zinc
144
11.7
8.6
pH
8
8.1
8.4
Boron
0.9
0.8

0.5

Potassium

4.6

lron

131.4

Molybdenum

2.1
Potassium
48.4
20.6
15
Iron
6.5
6.5
3.7
Salinity
168.6
271.3
87.3

Chloride

Phosporus
0.2
Sodium
0.015
Boron
46
Phosporus
287.3
175.6
219.3
Sodium
195.5
325.4
130.7
Manganese
43.8
39.3
25.3

Molybdenum

Nitrogen
4.4
Sulfur
0.5
Manganese
50.9

Nitrogen

Magnesium
556.9
576
561
Copper
4.1
34

2.2
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Location: Tulkarm  Farmer: 12  Crop (when the sample was taken): Sweet Pepper

Plant samples Calcium Potassium Phosporus Nitrogen
3 4.3 0.3 4.2
Magnesium Zinc Iron Sodium Sulfur
0.7 50.8 169.7 0.01 05
Copper Molybdenum Boron Manganese
12.8 2.2 40.6 44.1
Soil Samples Calcium Potassium Phosporus Nitrogen
Time 1 676.4 43.2 241.3
Time 2 377.1 60.0 309.2
Time 3 191.7 36.4 303.1
Soil samles Zinc Iron Sodium Magnesium
Time 1 12.7 7.1 292.2 622.1
Time 2 124 5 286.6 598.3
Time 3 115 4.7 187.9 557.9
Soil samples pH Salinity Manganese Copper
Time 1 7.8 347.6 49.2 5.2
Time 2 8 248.3 34.3 3.1
Time 3 8.3 123.6 33.4 3
Soil samples Boron Chloride Molybdenum
Time 1 1.1
Time 2 0.9

Time 3 0.7



