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Optimal irrigation planning

\ﬂ'\gaﬂoﬂ f,

Crop
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Field feedback

Canopy scale Leaf scale
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Crop growth rate: height, LAlI, Photosynthesis rate, light use
green biomass, etc. efficiency, chlorophyll and

carotenoid level, etc.



Vegetation features by spectrum

The Vegetation Spectrum in Detail
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Satellite spectral imagery

M Band Wavelength (um})

10.4-12.5 Thermal Infrared
2.08 - 2.35 Shortwave Infrared
1.55-1.75 Shortwave Infrared
0.76 = Mear Infrared
0.63 - Red

Grean

Blue

Disadvantages

Free or Mid-cost Low resolution (spatial, spectral and
temporal)
Wide spectral range Weather conditions -

Big area cover No survey managing A}H



Spectral camera (airborne, field)

0.4 pm Components of spectrum
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Field spectrometer
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Disadvantages

Low-cost Point-by-point measurement

High spectral resolution Weather conditions

VIS-NIR-SWIR range
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Autonomous surveys SpecRSLab
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Vegetation Indices (VIs)

Development

. Formula Application in agriculture | Reference
technologies

Normalized Difference Water content, physical parameters

Green Rouse et al.,
Vegetation Index Satellite ) EVER=UASED (height, LAI, biomass, dry matter),
biomass w880+w680 1973
(NDVI) predicting yield
Green Gitelson,
; ) I (BB = LAl = wErLy) Crop coefficient, chlorophyll level,
Atmospherically Satellite Chlorophyll - o ) Kaufman and
. LAI, soil salinity, predicting yield
Resistant Index (GARI) Merzylak, 1996

Modified Triangular -
_ Crop coefficient, chlorophyll level, Haboudane et
Vegetation Index Airborne LAI

) — — — yLAl, yield dicti l., 2004
T )(w800 — w550) — 2.5(w670 — vLAl, yield predicting a

Leaf area index for Field _ Crop coefficient, green LAI,
LAI exp(4.78In (w) +1.55) - Gutierrez, 2012
cotton spectroscopy w900+w680 predicting yield

Pigment-specific

; ; Field Nitrogen and water concentration,

simple ratio Chlorophyll 19 53 “*® (W81°) 1665 (W810) _ Blackburn, 1998
T spectroscopy : w676 : we76/ chlorophyll level, pests detecting

algorithms
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RapidEye Satellite Sensor (5m)
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Landsat 8 OLI8 (30m)

Chickpea! Tomato & Cotton
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OceanOptics USB4000-VIS-NIR (1cm)

-
o Y -
y
*- 005
Q
A : N 5
Q
J‘ “ w %0'4
.~ A )
’ . '_ 3 ; '0, m
- : & 0.2
‘.“A “» BN
*,"-4 < " A\ . 3 -
¥ e g .Al < ‘ 3 ‘\Q‘ pu - \
rf Vo 2 ) < g e 400 500 600 700 800
. A s 5 o Wavelength

800 1000

SpecRSLab

Ul



Dynamics of VIs temporal behavior

1. Calculate average means

2. Estimate variability of VIs by coefficient of variability

Cv=s/| x|

where Cv is a coefficient of variation, s i1s the standard deviation, and X is the

average mean

SpecRSLab



Tomato
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Tomato
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Cotton

Plant water concentration
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Cotton

NDVI GARI MTVI
1 0.9 1.4
. ) A
0-9 o Ao a 08 1.2 A LA A
0.8 s - /S 0.7 g A A 15% et
() 1 °
0.7 0.6 ® » P °
0.6 05
0.5 43%¢ ’ 0.4 0.8 EEE
0'4 0'3 0.6 75%¢ A
0'3 0'2 101%e ‘
. [ ] . 0.4
02 'm W A 0.1 0o s
O'é 0‘i-lll o LH H AN
3/27/2015  5/16/2015  7/5/2015  8/24/2015 3/27/2015  5/16/2015  7/5/2015  8/24/2015  3/27/2015  5/16/2015  7/5/2015  8/24/2015

WM RapidEye AOLI8 @Field_spec e Field_stress B RapidEye AOLI8 @Field_spec #Field _stress MRapidEye AOLI8 @Field spec #Field stress

LAIlc PSSR
3 A 2500
A
2.5 g 0 2000
2 b4 19%
20% A 1500 o N
15 * . ® n
: 17% 25% » A
16%® 35% 1000 21% 449
1 ) 44% 5
124% 18y u
0.5 * 500 ( J 42%
16%24% 249 102% -
O'Hm B AB 21% 0 H B AN SpecRSLab
3/27/2015  5/16/2015  7/5/2015  8/24/2015 3/27/2015  5/16/2015  7/5/2015  8/24/2015

W RapidEye AOLI8 @Field_spec o Field_stress B RapidEye AOLI8 @Field_spec #Field_stress Ual



ickpga

i T

N o Plant water concentration
o 100%
= [ ]
a 90% (]
80% L °
70%
60%
= 50%
N 40%
Q 30%
o 20%
10%
0%
1/16/2015 2/15/2015 3/17/2015 4/16/2015 5/16/2015
>
i
N G
= Daily irrigation amount
35
30
= 25
<
N 20
2 £
ol S
15
10
& 5
3
o 0
o 5/18/2015 5/25/2015 6/1/2015

6/15/2015

Total water amount=240mm

| SpecRSLab

UoH



Chickpea
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Assessment of variability level

Test datasets
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Variabllity in health and stressed crops

NDVI GARI MTVI
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Water-stress detection

Satellite imagery Field spectroscopy

Estimation growth rate Caleulation . Vis

(LAI, green biomass, (photosyn-the5|s rate,

crop coefficient) p|gmen_tat|on) anedcther
variability

Compression with Assessment the

reference values absolute values
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Irrigation optimization by spectral data

Detected stress by field spectroscopy

Crop

Soil properties - G oy
: Irrigation | Field feedback
» 223 9 » ~
Weather ey SIS schedule ‘ by spectral data :’

Type of irrigation

etc.

Water requirement by spectral image
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