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Abstract: Nowadays, Farmers tend to apply high rates of fertilizers such as Nitrogen (N) in order to get a high yield. But the
challenge is how to optimize nitrogen (N) management to ensure high yield production while improving N use efficiency and protecting
the environment. The calculation of N nutrition index (NNI) requires destructive sampling and chemical analysis to determine biomass
and plant N concentration, which is time and cost consuming and, thus, impractical for in-season site-specific N management across
large areas. The objective of this study was to evaluate the potential of using space-borne hyperspectral remote sensing imagery to track
excessive fertilization areas to protect environment from Nitrogen excess. The study site is located at At Tawdihiyah farm, which was
conducted on a 50 ha sandy loam soil in the Eastern Province of Saudi Arabia. To study the Effect of Nitrogen Fertilizer on the
Environment of At Tawdihiyah region, four sets of Hyperspectral Imagery (EO-1 Path/Row: 165/43) were chosen to represent the four
seasons. Narrowband greenness VIs were computed. Biomass and Plant N concentration the results indicated that, all VVIs used were
significantly correlated with the N concentration among all seasons. However the proposed technique have been used to conduct precise

Nitrogen content, it is also needs a ground based validation under different on-farm conditions using different types of satellite data.
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1. Introduction

Farming in the Arab East is a perpetual contest between man
and nature. On most of the Arabian Peninsula, one of the
most arid regions on earth, rainfall is scant, and much of it
runs off into the desert sands or quickly evaporates. Yet in
Saudi Arabia, the largest and driest country on the Peninsula,
current agricultural advances are among the most innovative
and most dramatic in the Arab world.

Since the 1950s, the application of plant nutrients, including
Nitrogen fertilizers, has increased substantially to increase
crop production and land reclamation. Nowadays,
agricultural chemical fertilizers, including N fertilizers, are
an essential component of the agricultural activities that help
to increase crop production and to improve the properties of
the nutrient-deficient lands.

Farmers tend to apply high rates of fertilizers such as
Nitrogen (N) in order to get a high yield. Nitrogen is an
important element in chlorophyll constitution. Its supply rate
affects biomass production and yield to a large extent. The
world nitrogen fertilizer demand is expected to increase from
a total of 105.3 million tonnes in 2011 to 112.9 million
tonnes in 2015 at the annual growth of 1.7 percent. Of the
overall increase in demand for 7.6 million tonnes nitrogen,
68 percent would be in Asia, 18 percent in America, 10
percent in Europe, 3 percent in Africa and 1 percent in
Oceania. [8] However, a possible negative effect of The
over-application of N fertilizer is the risks of environmental
pollution due to N loss into the groundwater or atmosphere,
increased nitrate content in the groundwater and greenhouse

gas emissions. Precision N management strategies are
developed to improve fertilizer N use efficiency by matching
the fertilizer N input to crop N demand in proper time and
space [11].

To avoid such an excessive fertilization, one of the most
important steps at European level was the Nitrate Directive
(91/676/EEC) in 1991 concerning the protection of ground
and surface waters against pollution caused by nitrates
(NO*") from agricultural sources. This directive imposed the
identification of waters containing more than 50 mg L™ of
NO* (or that could contain this concentration if no action is
taken to reverse the trend), and the adoption of action
programmes on these vulnerable areas [6]. Plant N
concentration (PNC) and uptake (PNU) have been commonly
used as crop N status indicators. To improve crop N status
diagnosis, the concept of critical N concentration (Nc) has
been proposed as the minimum PNC necessary to achieve
maximum aboveground biomass production [17]. Nc
decreases with increasing biomass. Their relationship can be
described using a negative power function, called the critical
N dilution curve [21].

Thus, the Nc at any given biomass value can be calculated by
this dilution curve. The actual PNC (Na) can then be
compared to Nc, and their ratio is termed the N nutrition
index (NNI).

NNI is a better indicator for diagnosing crop N status than
PNC or PNU [21]. If Na is greater than Nc (NNI > 1), this
indicates an over-supply of N, while the opposite is true if Na
is smaller than Nc (NNI < 1) [21]. An NNI value of one
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indicates an optimal N supply. The calculation of NNI
requires destructive sampling and chemical analysis to
determine biomass and plant N concentration, which is time
and cost consuming and, thus, impractical for in-season site-
specific N management across large areas. The estimation of
the NNI based on spectral data has been proven feasible
using field spectrometers operated on the ground [27] or
mounted on tractors [17]. However the possibility to detect
the N status using remotely rather than proximal sensed
information has still to be tested [20]. Several studies
demonstrated that leaf chlorophyll concentration can be
estimated through hyperspectral vegetation indices based on
the visible and red edge (680—760 nm) spectral domains [8].
Hyperspectral sensors are characterized by a high number of
narrow and contiguous acquisition bands that allow a better
description of specific portions of the electromagnetic
spectrum compared to broadband sensors and, thus, better
performances in biochemical parameter estimation [24].

The correlation between leaf pigments and leaf N
incorporated in chlorophyll molecular structure [13], [14]
justified the use of vegetation indices for the determination of
plant N condition [21]. Moreover, hyperspectral data have
been also successfully used to estimate aboveground biomass
accumulation, the second input required for NNI
computation, using combinations of visible and near infrared
reflectance in the form of simple or normalized ratios [20].
Satellite remote sensing approach can achieve comparable
performance as ground-based active canopy sensors for
estimating rice N status and is applicable to other rice
planting regions. It is more efficient for large area
applications, but is more influenced by weather conditions,
while active canopy sensors are independent of
environmental light conditions. It requires special training to
process satellite remote sensing data, while active canopy
sensors are easy to use, but are not suitable for large area
applications [22].

The main objective of this study was to evaluate the potential

of using space-borne hyperspectral remote sensing imagery
to track excessive fertilization areas.

2.Materials and Methods
2.1 Research Area

The study site is located at AtTawdihiyah farm, which was
conducted on a 50 ha sandy loam soil in the Eastern Province
of Saudi Arabia within the latitudes of 24° 10* 22.7” and 24°
12° 37.2” N and longitudes of 47° 56° 14.6” and 48° 05’
08.56” E (Figure 1) The field was under center pivot
irrigation system and has been under continuous wheat
cultivation. The choice of this site was due to the availability
of hyperspectral imagery for all seasons along year 2015.

2.2 Data used

Image data were acquired using the Hyperion hyperspectral
sensor on NASA’s Earth Observer-1 (EO-1) platform. The
sensor spans the spectral range from 3562577 nm with a
bandwidth of ~10 nm leading to a total of 242 bands,
acquired at 30 m spatial resolution, and a swath width of 7.65
km from a 705 km altitude with an approximate 50:1 signal-
to-noise ratio (SNR). The acquired Hyperion image was
downloaded in Level 1T from the United States Geological
Survey (USGS) website [25]. Radiometric and geometric
corrections were required so that reflectance spectra could be
derived from the data and then related to a specified crust
property. The size of the sub-scene used in this research
(region of interest) covers an area of 6.45 km (215 samples)
by 6.30 km (210 lines).

To study the Effect of Nitrogen Fertilizer on the Environment
of AtTawdihiyah region, four sets of Hyperspectral Imagery
(EO-1 Path/Row: 165/43) were chosen to represent the four
seasons as shown in Table 1.

Figure: 1. Study site, AtTawdihiyah, Saudi Arabia.

Table 1: Data acquired for AtTawdihiyah region during four seasons.

Seasons scene Acquisition date |Sun_Azimuth angle Sun_aEnlg;;atlon
EO1H1650432014337110K0_1T | 3 December 2014 141.995001 33.351466
Autumn EO1H1650432015280110K0_1T 7 October 2015 121.637798 40.984466
. EO1H1650432015015110K0_1T 15 January 2015 136.335786 30.508917
Winter EO1H1650432015058110K1 1T 27 February 2015 123.071425 37.379787
_ EO1H1650432015106110K2_IT 16 April 2015 100.183325 44.642611
Spring EO1H1650432015150110K0 1T 30 May 2015 85.8783240 54.038213
EO1H1650432015196110K0_1T 15 July 2015 85.057594 50.900184
Summer EO1H1650432015234110K2_1T 22 Augusts 2015 99.454628 48320511
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2.3 Image Data Pre-Processing

Exclusion of bad bands (not calibrated, redundant, noise
from atmospheric water vapor, low signal to noise ratio) left
158 bands for the analysis. [19]. these are bands 8-57 (427—
925 nm), 79-119 (933-1336 nm), 133-164 (1477-1790 nm),
183-184 (1982-1992 nm) and 188-220 (2032-2355 nm).
Hyperion includes digital number to radiance transformation,
radiance to reflectance conversion and atmospheric
corrections /reflectance retrieval.

2.3.1DN To Radiance Conversion

EO1-Hyperion hyperspectral image consists of number of
continuous spectral bands, each pixel of which stored the
energy as a digital number (DN). Stacked image is used to
convert DN into Radiance values. The digital numbers were
stored as 16-bit signed integer. Image was converted into
absolute radiance by using following equation. Each band of
NIR (1 to 70) and SWIR (71 to 242) was divided by its scale
factor i.e 40 and 80 respectively [24]. The image is stored in
ENVI Standard format and then it is converted in BIL (Bit in
Line) data format.

2.3.2Atmospheric Corrections

Removing the influence of the atmosphere is a critical pre-
processing step in analyzing images of surface reflectance.
Properties such as the amount of water vapor, distribution of
aerosols, and scene visibility must be known. Because direct
measurements of these atmospheric properties are rarely
available, they must be inferred from the image pixels. All
images were recalculated to at-sensor radiance with
subsequent atmospheric correction using Atmospheric
Analysis of Spectral Hypercubes (FLAASH®) model.

2.4 Methodology

The critical N concentration of wheat was described using
Equation (1) [4] The NNI can be calculated using Equation

(2) [15].
N, = 434 -041 (1)

NNT = Y=t ©)
In Equations (1) and (2), W is the above ground dry biomass
in Mg-ha—1, Nc is the plant critical N concentration
expressed as a percentage of the dry matter, and Nact is the
actual plant N concentration expressed as a percent of the dry
matter.

The recommended equations to estimate biomass for shrubs
and small tree species Equation (3) [1] were used to estimate
the biomass of Above Ground Biomass (AGB) in the study
area.

AGE =917 + 3.000Ln (NDVI}  (3)

The effect of Nitrogen fertilizer on the environment will take
place if the nutrition index (NNI) is greater than one (NNI >
1) i.e. Ng>N. , this indicates an oversupply of Nitrogen
fertilizer.

In this study Narrowband greenness vegetation indices and
N-related spectral indices are used to estimate Wheat above
ground dry biomass and actual plant N concentration.

2.4.1 Spectral Indices

Narrowband greenness VIs are combinations of reflectance
measurements sensitive to the combined effects of foliage
chlorophyll concentration, canopy leaf area, foliage
clumping, and canopy architecture. Similar to the broadband
greenness VIs, narrowband greenness VIs are designed to
provide a measure of the overall amount and quality of
photosynthetic material in vegetation, which is essential for
understanding the state of vegetation. Narrowband greenness
VIs are intended for use with imaging spectrometers.

Most of these VIs use reflectance measurements in the red
and near-infrared regions to sample the red edge portion of
the reflectance curve. The red edge is a name used to
describe the steeply sloped region of the vegetation
reflectance curve between 690 nm and 740 nm that is caused
by the transition from chlorophyll absorption and near-
infrared leaf scattering. Use of near-infrared measurements,
with much greater penetration depth through the canopy than
red measurements, allows estimation of the total amount of
green material in the column.

Making narrowband measurements in the red edge allows
these indices to be more sensitive to smaller changes in
vegetation health than the broadband greenness Vls,
particularly in conditions of dense vegetation where the
broadband measures can saturate.

Spectral indices considered to be good candidates for
estimating plant N concentration were tested. Included were
indices specifically aimed at N estimation [N content and N
concentration] as well as some indices aimed at chlorophyll
estimation  [chlorophyll  content and  chlorophyll
concentration. (Table 2)

3.Results and Discussion

Using Space-borne Hyperspectral Imagery to estimate NNI
for diagnosing high rates of Nitrogen fertilizer was the main
objective of this study. Because water absorption obscures N
absorption features in the shortwave bands, it is difficult to
detect plant N concentrations from N absorption features in
this portion of the electromagnetic spectrum [3]. Thus, it is
appropriate to use reflectance in the visible and red-edge
bands to estimate N concentrations based on the good
relationships between chlorophyll concentrations and plant N
concentrations. In addition, biomass has a good relationship
with the NDVI in green vegetation, and the NNI can be
calculated using the N concentration, biomass and a known
critical N curve.

While we want to diagnose the areas of Nitrogen excess,
which means NNI greater than one, we can calculate Biomass
using NDVI for all seasons and then N, can be estimated. If
Nt just greater than N, means Nitrogen excess.
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The results indicated that all of Vegetation Indices MCARI ,
MTVI2, RVI I, RVI II and Viopt have significant positive
correlations with Biomass and Nitrogen concentration,
correlation matrix shown in Table 3.

For all seasons studied, Biomass, chlorophyll concentration
and N content were estimated. Table 4 shows a descriptive
statistics of Wheat Biomass, chlorophyll and N content for all
seasons studied over AtTawdihiyah, Saudi Arabia.

Table 2: Narrowband greenness vegetation indices

Modified Chlorophyll Absorption Ratio Index (MCARI)
MCARI = [(prpg — pg70) — 020,00 — ps5p)] # {P?DD fr_l'-"‘s.-n}

Modified Chlorophyll Absorption Ratio Index - Improved (MCARI2)
1.512.50 —Pgrp) — 130 - ]
MCARI? = Peoe — Pa7o Peoo — Psso

V@ % pogo + 107 — (6% pego — 5 * 4/ pe70) — 0.5

Modified Red Edge Normalized Difference Vegetation Index (MRENDVI)
Prso — P
MRENDVI = e Fins

Prso t Pros — 2% Pus

Modified Red Edge Simple Ratio (MRESR)

l':!'_- - B

Fros — Fasgs

(23], [7]

Modified Triangular Vegetation Index (MTVI)
MTVI = 1.2[1.2(pepp — pssp) — 2.5(pg70 — psso )]

[13]

Modified Triangular Vegetation Index - Improved (MTVI2)
1.511.2(p500 — pss0) — 2.50gs70 — Psso )]

MTVI2 = —————
+ (2 % pogp + 117 — {'5 * Pogp — D * *.,-'I.'D'ETD} - 0.5

[13]

Red Edge Normalized Difference Vegetation Index (RENDVI)

[ —
RENDV] = 22 T70%
Pros T Poos

[11]

Red Edge Position Index (REPI)
{{."JE\TD + P.'-En:]r'rz} - P.'-nn]
Pran — Pooo

REPI = 700 + 40 *(

[7]

Transformed Chlorophyll Absorption Reflectance Index (TCARI)

=
TCARI =3 [{P.-n-n — Pero) — 0.20prp0 — Psso) (;M]]
Ps7o

[13]

Triangular Vegetation Index (TVI)
TVI = 0.5[120(p;50 — psso) — 200(p570 — psso )]

(2]

Vogelmann Red Edge Index 1 (VREII)
o

VREI = —=
Przo

[26]

Vogelmann Red Edge Index 2 (VREI2)
Prza — Praz

VREI2? = ————
Pris T Prze

[26]

Table 3: Correlation matrix among Biomass, N concentration and chlorophyll indices

BIOMASS MCARI MTVI2 RVI I RVI I

Viopt

BIOMASS 1.00

MCARI 0.93 1.00

MTVI2 0.94 0.91 1.00

NDVI 0.96 0.92 0.99 1.00

RVI | 0.81 0.76 0.93 0.91 1.00

Vlopt 0.96 0.94 0.98 0.98 0.88

1.00
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Table 4: Descriptive statistics of Wheat Biomass, chlorophyll and N content for all seasons studied over
AtTawdihiyah, Saudi Arabia.

Minimum Maximum Mean SD
3 December 2014
Biomass (t-ha ") - 8.93 3.07 2.81
NDVI 0.01 0.94 0.22 0.28
Plant N content (kg-ha ) 1.77 64.56 3.32 1.36
7 October 2015
Biomass (t-ha ') - 8.21 1.68 238
NDVI 0.01 0.73 0.13 0.17
Plant N content (kg-ha ) 1.83 143.35 4.00 1.94
15 January 2015
Biomass (t-ha ') - 8.19 2.29 2.53
NDVI 0.02 0.74 0.16 0.19
Plant N content (kg-ha ) 1.83 23.63 3.64 1.37
27 February 2015
Biomass (t-ha ') - 8.81 2.39 2.63
NDVI 0.01 0.89 0.26 0.23
Plant N content (kg-ha ') 1.78 80.80 3.73 1.49
16 April 2015
Biomass (t-ha ') - 8.22 1.91 2.62
NDVI 0.01 0.73 0.15 0.18
Plant N content (kg-ha ') 1.83 18.61 3.88 1.75
30 May 2015
Biomass (t-ha ") - 8.14 2.77 2.52
NDVI 0.03 0.71 0.18 0.21
Plant N content (kg-ha ') 1.84 24.89 3.44 1.29
15 July 2015
Biomass (t-ha ') - 7.25 1.76 1.84
NDVI 0.02 0.53 0.11 0.09
Plant N content (kg-ha ') 1.93 149.44 4.02 1.74
22 Augusts 2015
Biomass (t-ha ') - 8.20 1.65 1.84
NDVI 0.01 0.74 0.11 0.12
Plant N content (kg-ha ') 1.83 135.58 3.25 2.27

In summary, the proposed satellite remote sensing approach
of using hyperspectral images, with low spatial resolution,
to map the areas of excess Nitrogen fertilizer is more
efficient for large area applications. However the proposed
technique has been used to conduct precise Nitrogen content,
it is also needs a ground based validation.

4.Conclusions

This study evaluated the potential of using Earth Observer-1
(EO-1) to map the areas of excess Nitrogen fertilizer across

27 February 2015

one year over AtTawdihiyah, Saudi Arabia. Based on the
data used and results, one can conclude, Spectral indices are
considered as good candidates for estimating the plant N
concentration and biomass; all VIs used were significantly
correlated with the N concentration among all seasons.
However, more studies are needed to further evaluate and
improve the proposed method of in-season Nitrogen content
estimation and its effect on the under different on-farm
conditions using different types of satellite data.

.
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Figure 2: Nitrogen excess distribution over AtTawdihiyah, Saudi Arabia, for all seasons studied.
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