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Abstract:

In this study, soil samples from Date Palm farm in Al-Uja area were collected from different
four sites. Soil samples were collected from 0-20, 20-40, 40 -60, and 60-80 cm depth of
equal 50cm distances from the trunk of the tree.

The main objective of this study was to develop and implement a new methodology for the
first time in Palestine that study plant nutrients of soil, by using a spectroscopic techniques
and give a better understanding for the relationship between soil and fertilizers based on
vibrational mid-Infrared (IR) spectroscopy, fluorescence spectroscopy, fluorescence - Xray
spectroscopy, and for macro and micro elements in soils samples mass spectrometer
(ICPMS) was used.

The study is divided into two parts, the first one related to investigate the effect of using
different types of fertilizers on soil using spectroscopic techniques, this part of study was
carried out from real field area where blank and treated samples are collected from different
four positions in Al-Uja area and consider as business as usual. The second part was
conducted in the lab by using blank samples that were collected from filed and treats them
by certain concentration of feed solutions that prepares in lab and then study the relation
between these feed solutions and soil by using the same spectroscopic techniques.

For the first part of study, lab analysis for soil samples showed that the soil were sandy
loam and loam in texture and the salinity rang were between saline and very saline soils with
pH in range 7-8.5 and that was the favorite soil properties for date palm tree.

ICPMS analysis showed that the soil for all position of the study area site were suffered from
the lack of micro nutrients, also the macronutrients levels were around the very low range at
different depth except the sodium levels were very high in all positions.

The fluorescence analysis showed that the intensities for all positions decreases as the depth
increase and that indicated that there was a strong binding between fertilizers and soil as soil
depth increasing and in particularly in depth 80 cm.

The FTIR analysis showed a three bands assignment for all of positions and showed the
intensity-depth dependents and they exhibiting the difference between fertilizers samples
and control ones.

The X-rays analysis shows a powerful data that showed the minerals of soil of the study site
for position one (P1) and four (P4), it showed that the most minerals were found in depth
60cm for both positions. And shows the most chemical compositions for the study area.

For the second part of study, the relation between fertilizers concentrations and soil were
difficult to study because of there a various other variables effect this relation such as pH
value variable and the environment variable, the fluorescence showed the intensity
concentration dependent for the first two positions of the study site and showed a different
relation for the other positions.

The ATR-FTIR analysis were a powerful tools, the spectrum showed the intensity
concentration independent. And give a huge band assignments of functional groups peaks in
soil.



This present study showed that the spectroscopic techniques were a useful tools for given a
better understanding of the relationship between the depth of soil and the interaction between
soil and fertilizer

The soil analysis indicates the over salinity of soil farm and this may refer to an increase of
the underground level caused by excessive drought situations (high evaporation); and also
refer for the using of high salts content water. This high values of salinity make a negative
impact on soil such as high concentrations of soluble salts, and high soil pH, and a negative
effect of sodium on the plant metabolism.

From results of the four positions on the study area it was clear that the applied fertilizers
are not site- specific and not finely tuned to local soil chemical conditions. So it need a
specific information on soil nutrients and improving soil fertility using agroforestry techniques.

We recommended also to make a up scaling study for all Date Palm trees areas in order to be soured
if this deficiency presents in all sites or not.

For future work it’s useful if study the relation between fertilizers and soil through a
simulation study based on leaf/soil analysis and date palm requirements using these same
spectroscopic techniques.
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List of Abbreviations and Symbols

Abbreviations/symbol |Description
IR Infrared
NIR Near Infrared
MIR Mid Infrared
EMW Electro Magnetic Wave
UV-VIS Ultra Violet-Visible
E Energy
N Frequency
C Velocity of light
A Wavelength
H Plank’s constant
Etot Total Energy
Erot Rotational Energy
Evib Vibrational Energy
Eele Energy of electron
So Energy ground state
Sn Energy excited state
A Absorbance
C Concentration
T Transmittance
PO Initial light intensity
P Final light intensity
A Absorptivity
Molar absorptivity
B Light path length
IRS Infrared spectroscopy
K Force constant
M Mass
X Distance
\ Vibrational quantum number
FTIR Fourier Transform Infrared
ATR Attenuated Total Reflection
FS Fluorescence Spectroscopy
ICPMS Inductively Coupled Plasma-Mass Spectroscopy
XRD X-ray Diffractometer
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XRF

X-ray Fluorescence

Fo Initial Fluorescence Intensity
F Final Fluorescence Intensity
Kq Quenching constant

0 Fluorescence life time

Ksv Stern-Volmer constant

K Binding constant

L Quencher concentration

N North

E East

No Number

P Position

Nn Number of sample

D Depth

B Blank Sample

D.W Distilled water

EC Electrical Conductivity

F Feed solution

Fo Blank sample without feed solution
ID. Identity

Con. Concentration

Per Percent

et al. Other

2nd Second

M Molar

mg/L milligram/Litter

Ppm Part per million

ECse Electrical Conductivity Saturated Extract
ADMC Air-Dry Moisture Content
puS/cm micro Siemens/ centimeter
mmhos/cm milimhos/centimeter

VL Very Low

L Low

M Medium

H High

VH \Very High

Q Quartz

C Calcite

D Dolomite

K Kaolinite

Cr Cristobalite

A Argonite

XVi













Figure 2.8: The IR -range in EM spectrum (Viscarra Rossel et al.,2006)

frequencies. Each frequency represented by a given amount of energy and specific molecular
motion such as stretching, contracting or bending of chemical bonds(figure 2.9) (Du,2008).

Figure 2.9: Types of molecular vibrations(Skoog, Crouch et al.,2007)

14



The IR spectrum can reveal the kind of that motion of molecules and bonds or in other words
the functional groups that are present in the molecules and as a result it can provides a unique
finger print of compounds. Also many functional groups have specific IR absorption bands
that do not change for various compounds (Linker,2011). The net change in dipole moment
of a molecules is conceder to be the main variable that the adsorption of infrared radiation
depends on, as a consequence of molecules vibrational motion. In fact, atoms do not have a
fixed position in a molecules but instead continuously fluctuation because of a various types
of vibrational motions that being about the bonds in the molecule. (Skoog, Holler et al.,
1998).

When a change in dipole moment made the vibrations accompanied, the energy that transfer
from radiation to molecule will be observed and force the molecule to exited to a higher
energy level. And this transmission energy can be measured as a spectrum, which is a plot
of energy that reflectance or absorption versus wavelength or wavenumber (the inverse of
wavelength). All the molecules expect symmetric molecules such as Hz, Cz or O, can absorb
IR radiation and they are called infrared active, but symmetric molecules have a vibration
that do not haunt by a dipole moment so they considered to be infrared inactive. (Xie,2003).

The vibrational motion of two atoms can be presented by the movements of two spheres that
are connected by a spring, the stiffness of spring represented by the strength of bond and the
masses of the spheres represent the atoms masses. If one mass is disturbed along the spring
axis, then a low of simple harmonic oscillation is that the vibration obeyed or in other words
Hook’s law (Wetzel,1983).

The vibration’s frequency can be calculated as:

1 k 1/2
=2 x(Y) 24
2m u
Thus:
H= my+m, 25
v = i X ’k X(m1+m2) 2 6
2T mq X myp
Where:

v is vibrational frequency,

k is force constant,

M is reduced mass, and

mzand my are the mass of atoms, 1 and 2 respectively.

The potential energy of simple harmonic oscillation can be calculated from:
1
E= - xkXx x? 2.7

Where x is the intermolecular distance.
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Table 2.5: Synopsis for instrumentations techniques that used in this study research.

Instrumentation Model No. Method reference References
Fluorescence spectroscopy | NanoDrop ND3300 | NanoDrop 3300 (Zsolnay et
Fluorospectrometer, al.,1999)
(FS) User’s Manual (Rinnan and
Rinnan,2007)
(Manual,2008) (Milori et
al.,2006)
Inductively coupled plasma- | Agilent (Agilent (Balcaen et
mass spectrometry Technologies 7500 | Technologies,2005) al.,2015)
(ICP-MS) (Jaber et
al.,2009)
(Olesik
John,1996)
(Profrock and
Prange,2012)
X-ray spectroscopy : XRF -1800 (Bernick et al.,1995) (Bertsch et
X-ray Diffractometer Sequential X-Ray al.,1994)
(XRD) Fluorescence, (dos Anjos et
X-Ray Fluorescence Shimadzu XRD- al.,2000)
(XRF) 7000 MAXIMA (Revenko
Anatoly,2002)
ATR-FTIR spectroscopy Thermo Fisher (Schuttlefield and (Schuttlefield
Scientific ATR- Grassian,2008) and
FTIR spectroscopy Grassian,2008)

Spectroscopic techniques have many advantages such as they do not need a costly and time-
consuming sample processing also they do not used any harmful materials of environment
like for example chemical extracts. The application of spectroscopic techniques versus
between the agricultural products analysis, food product analyses, polymers and wool
analyses, biomedical, process analysis and pharmaceutical. In addition, the applications in
cereals products, meat, fruit, dairy products and milk, fish and vegetable confectionery.
(Valdes et al.,1997)

Infrared spectroscopy, in particular, consider as more accurate than traditional method of
soil analysis and more straightforward. ((Reeves et al.,2001)). For example, McCauley et al.
(1993) suggested that “infrared spectroscopy may be more accurate than dichromate
digestions for analysis of soil organic carbon” (McCauley et al.,1993). Precisely, FTIR
spectroscopy used in soil applications for the identification of specific functional groups or
chemical compounds of soil molecules. ((Johnston and Aochi,1996); (Haberhauer and
Gerzabek,2001))

Fluorescence spectroscopy with compared to FTIR spectroscopy is the greater sensitivity
achieved for samples that because the zero background of fluorescence signals and this
advantage make it able to work at low concentrations. Furthermore, FS used in soil
application for study the molecules electronic structure and for quantitative measurements
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because of its sensitivity for fluorescent compounds in soil molecules. (Herrmann and
Onkelinx,1986).

The FS quantitative measurements depends on fluorescence quenching which can be defined
as a bimolecular process that reduces the fluorescence intensity without changing the
fluorescence emission spectrum; it can result from transient excited-state interactions
(collisional quenching) or from formation of non-fluorescent ground-state species. Decrease
of fluorescence intensity by interaction of the excited state of the fluorophores with its
surroundings is known as quenching and is relatively rare. Quenching can occur in several
mechanisms, collisional quenching occurs when exited state fluorophores are deactivated
upon contact with some other molecule in sample, which is called quencher. Dynamic

quenching and static quenching are the two types of quenching can they distinguished by
different ways. (Turro, 1991).

Stern-Volmer equation can described the quenching mechanism which state that:

Fo
== 1+K 70 (1) =1+Ke (1) 2.11

Where:

F, is fluorescence intensity in the absence of quencher,

F is fluorescence intensity in the presence of quencher,

Kq IS quenching constant

1o Is fluorescence lifetime without quencher

Ksv is Stern-Volmer constant for fluorophoreor sensitivity to a quencher
L is the quencher concentration

With Quenching the decrease in intensity is given by modified Stern-Volmer equation for
binding constant:

11 +1
Foy— F  F,KL F,

2.12

Where:

F, is fluorescence intensity in the absence of quencher,
F is fluorescence intensity in the presence of quencher,
K is binding constant,

L is the quencher concentration.

The quenching constant indicates the sensitivity of the fluorophores to the quencher. There
are a wide variety of molecules that acts as a collisional quencher such as oxygen, halogen,
amines, and electron deficient molecules like acrylamide (Turro,1991).

X-ray Spectroscopy was used in soil applications to identify primary soil minerals such as
feldspars, quartz and secondary soil minerals such as clays, silicates, aluminosilicates
(Revenko Anatoly,2002)

ICPMS is an alternative technique in soil application used for measure soil nutrients
elements, such as, Al, Li, B, Na, Mg, , Fe, Sr, Ba, Tl, Pb, Bi, K, Cr, Mn, Co, Ni, Cu, Zn, Mo.
(Olesik John,1996)
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Chapter Three:

Experimental method

3.1 Site and sampling
Site

Soil samples were collected from a study area on the farm of Date Palm tree cultivation in
Jordan Valley. The study will be carried out on about 7 years old date palm cultivars grown
under condition of Al-Uja area (figure3.1). By considering part of the cultivated land as
experimental site and another part as controlled site. The study area was in Saleh Njowm
farm for Date Palm Tree cultivation (0735292 N, 3537655 E), 23 soil samples will collected
from four different position in the farm: (P1from line No.2, P> from line No.14, Ps form line
No0.21,P4 from line No.29) (figure 3.2).

196000 196400 196300 197200

BEITLEHEM |

Legend

Sample point
"2 Farm

by

Jordan River
Dead Sea
[T West Bank

Figure 3.1: Map of Saleh Njoom farm for Date Palm Tree cultivation in Al-Uja
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Figure 3.2: Lines of positions in Saleh Njoom farm for Date Palm Tree cultivation in Al-Uja.

Saleh Njowm farm for Date Palm Tree cultivation depends on drip irrigation system from
100m depth well water of EC value equal to 5.5 mS/cm in summer and 3.5 mS/cm in winter
sessions, pH equal to 7.07, and with concentrations 500.76 mg/L, 85.83 mg/L, 100 mg/L,
409 mg/L for K, Na, Ca and Mg macronutrients of water respectively.

23




Sampling

From each line around 4 treated soil sample 20cm to 80 cm depth from the earth surface
were collected, and a control sample were collected from each line in depth from 0-20 cm
and 20-40cm. Soil treated samples with fertilizers addition were collected from 0-20 cm, 20-
40 cm, 40-60 cm and 60-80 cm depth of equal 50cm distances from the trunk of the tree in

Oct-Nov as one sample represented each depth from both sites. Table (3.1 and 3.2)

Table 3. 1: Treated soil samples

No. | Sample ID Position Line No. Depth Orientations
1 N1D20P, 0-20 X= 0735292
2 N2D40P; Position 1 Line No.2 20-40 Y=3537655
3 N3D60P; (P1) 40-60 Z=-280

4 N4D80P, 60-80

5 N5D20P; 0-20 X=0735898
6 N6D40P; Position 2 Line No.14 20-40 Y=3537692
7 N7D60P2 (P2) 40-60 Z=-290

8 N8D80P, 60-80

9 N9D20Ps 0-20 X=10736292
10 | N10D40Ps Position 3 Line No.21 20-40 Y=3537696
11 | N11D60Ps (P3) 40-60 Z=-285

12 | N12D80P3 60-80

13 | N13D20P,4 0-20 X= 0736662
14 | N14D40P, Position 4 Line No.29 20-40 Y=3537742
15 | N15D60P4 (Ps) 40-60 Z=-295

N: Number of treated sample with fertilizers, D: Depth of sample, P: position of sample.

Table 3. 2: Control soil samples (without fertilizers)

No. Sample ID Position Line No. Depth Orientations

16 B1D20P; Positonl Line No.2 0-20 X=0735292

17 B1D40P, (P1) 20-40 Y=3537655
Z=-280

18 B2D20P, Position 2 Line No.14 0-20 X=0735898

19 B2D40P; (P2) 20-40 Y=3537692
Z=-290

20 B3D20P; Position 3 Line No.21 0-20 X=0736292

21 B3D40P3 (P3) 20-40 Y=3537696
Z=-285

22 B4D20P, Position4 Line No.29 0-20 X= 0736662

23 B4D40P, (P4) 20-40 Y=3537742
Z=-295

B: Blank samples without fertilizers treated, D:
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3.2 Lab methods analyses

In order to measure the electrical conductivity , pH values, macro elements for control
samples, micro and macro elements for all samples and soil texture, soil samples were dried
at room temperature and passed through a 2 mm sieve (figure 3.3) .With a 1:5 soil/water
ratio soil extraction suspension was prepared where 25mL D.W was added to 5gm of soil
from each sample and shacked to mix for one hour, then it is used to measure soil pH with
a glass electrode pH meter (McLean,1982), and electrical conductivity (EC) by using a
conductivity meter(Janzen,1993).

The soil electrical conductivity EC (1:5) is useful measure for assessing salinity but because
the 1:5 soil: water ratio dilutes, EC (1:5) doesn’t accurately measure the concentration of
soluble salts in a solution likely to be encountered by a plant root. For this reason the EC of
a saturated extract (ECse) is a better measurement for predicting plant response.
Conventional laboratory methods for determining ECse are impractical in a commercial
laboratory so mathematical relationships involving EC (1:5) and other soil parameters such
as clay content, air-dry moisture content (ADMC) and chloride have been found to be a
practical substitute for direct measurement. (Troeh and Thompson,1993) The equation for
converting EC (1:5) to ECse is:

ECse (uUS/m) = EC (1:5) (uS/m) x Conversion Factor 3.1

Figure 3.3: Soil samples dried at room temperature.

Eight different analytes were determined potassium, Na, Mg, Ca, Fe, Mn, Zn and Cu were
determined and measured using ICPMS spectrometry by using the same soil extraction 1:5
soil/water. Standards were prepared for a range of concentrations encompassing expected
sample concentrations. A minimum of 5mL of standard or sample was used for each run
after Filtering samples with a 0.45 um filter was added a 4. 2% by volume of super pure
nitric acid (HNO3) to samples and standards.

Determination of Nitrogen for control samples by Digestion method for soil, while 1g of
dry soil dried at 105°C, transferred into the digestion tube and added about 2g catalyst
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