Y 4

A
Geo-spatial Technologies for
Land Productivity Assessment
- from Plant to the Globe

Mohamed A. M. Abd Elbasit

(BSc, PGDip-IT, MSc, PhD)
ARC-Soil, Climate and Water, Geoinformation Division




GOOD HEALTH QUALITY
AND WELL-BEING EDUGATION

DECENT WORK AND 1 REDUCED

ECONOMIC GROWTH

i

1 CLIMATE 1 LIFE PEACE, JUSTICE 1 PARTNERSHIPS
ACTION BELOW WATER 1 AND STRONG FOR THE GOALS

INSTITUTIDNS

INEQUALITIES

SUSTAINABLE
DEVELOPMENT

GOALS
e 4

ARC » LNR
Excellence in Research and Development




CropYield:

fETT

fRainfall + Irrigation 1
f Radiation

f Temperature

f Nutrients

f Cultivers

.[ Management

Water and Nutrients

Soil Moisture Depth

<~ Z

ARC *» LNR

Excellence in Research and Development



AQUACROP

) =
7 pmag
aia

g HYBRID-MAIZE
JuLes-croe
= APSIM

= —. INFOCROP =~

AT TAS encar
SPACSYS ;

CROPSYST

<~ Z

v ARC *» LNR

Excellence in Research and Development



DATABASES MODELS APPLICATIONS
Weather Walidation /
— Crop Models Sensitivity
Analysis
Saoil
X i . X Scasonal Strategy
— SUPPORT SOFTWARE Analysis
Gienetics ™

Graphics

Experiments

Crop Rotation /
Sequence
Analysis

Spatial Analysis /
GIS Linkage

i

=

Pt
[ toee |
Gienetics
:J// Crop Water Productivity Model
" S Main menu - o
| start |
Environment and Crop
Exit fimate
M Specify dimatic dats when funning Aquacrop
crop
Land and Water Division @ Growing eycle: Day 1 after sowingt 22 March - Maturity: 24 July
Food and Agriculture Organtzation of the United Natioms crop ALLT,CRO a generic crop
Management
M Rainfed cropping
e - I Ho specific field management
e | soill
e ety it Sollprofie AULTISOL " Deep oamy coll
B - Groundwater |68 o shalon groundwater table
Simulation—  smuaton period |—Smulation period: From: 22 March - Tos 24 Juy
1. I ':37 - nial conditons |—@BREI T Soil water profle at Field Capacity
e e
Project —— [~ poect |61 Mo spedific project
Field data —Jlaa|—  reica |0 ro fiid soservatons
T © tat Program
S e -0 Grountnans crarscrevin - o x Sod profée characteritics - o
e . .
Groundwater table P — ! = Desopan  Craracteratia of b horwre | Sof mrfsce. | Resvetve sod Wy | Cadary ree |
(R B ierteri |
e 1
: .'.l-“ -
! ol
iy B | e B o swssns
e [ st o R
L | S e EEE s -
O e e— e e e -
== [r——

 MANAGEMENT |

Biotic interactions |

Managem ent

[weather|
¥

Soll
Watar balance
Carbon balancs
Hoat balanco
Nutrisnt balance (N &F)

[] (4}

‘ ‘Ammhmuw

A ¥

+Drainage

. Runeff,

Dranage B
Suil arosion

Leaching

[Eociz-sconomic] [Environmental]

Planting window
Planting density
Irrigation

Flgure 1. Diageam of the components of SALUS

.

* Phenology * Inorganic fertilizer
* Max # of kernels * Organic manure
« Kernelfilling rate * Tillage
* Residue
- Comaic s L. ot [ D | ot | - v | |
e EhG o | DR e i Crop production (no water, fertility or salinity stress)
Dlevey el e
) =gk
T, © Full sot
i e
! ' e |
e [
= P o g
Description
oty i e T
namies B ot d o v Sy
ere. DERES ot 1o dt o e Ao -
“con. MRRRBRISETI cxfo siosher Co3 s fom 1501059 _
= o] e
P =] o v e Bz |
S W S e | Gmupmt bt | v | o |
P (o . fartility or ) e “("::M-‘v.‘mulvunlhhym‘l)
estcrepr o | Gy et | Py Pt | Rt e | Tremsirs | fosmgendi v % e ey
B eca [ ot ___,_—[ e et et |
S %: T It vt e
cc =
L e T e
B ——_—1
e i) |
- ] Ce=
Xewe| 8o > v e Qo
[Re— - o x
Generation of Irrigation schedule — — S
e | I mbd T et | _—
—
Tl e S
I S S
4= = = LT

ez ]
i i =l

ARC » LNR

Excellence in Research and Development




DAP : Days after planting
Stage : 0: before/after planting

Stage : 1: emergence or transplant recovery
Stage : 2: vegetative stage
Stage : 3: flowering
Stage : 4: yield formation and ripening
GD : Growing degrees
V4 : Effective rooting depth
StExp : Percent water stress reducing leaf expansion
StSto : Percent water stress inducing stomatal closure
StSen : Percent water stress triggering early canopy senescence
StSalt  : Percent salinity stress
CC : Green Canopy Cover
Kc(Tr)  : Crop coefficient for transpiration
Trx : Maximum crop transpiration
Tr : Crop transpiration
Tr/Trx  :Relative crop transpiration (100 Tr/Trx)
WP : Crop water productivity adjusted for CO2, soil fertility and products synthesized
e - % " StBio : Percent temperature stress affecting biomass production
'zs::::”;::::fz;’:o:ﬂ(d::"vl:::f 7:’::;;“:'?:: Is:alini‘t:yr stress) Biomass : Cumulative biomass produced
e HI : Harvest Index adjusted for failure of pollination, inadequate photosynthesis and water stress
:zfj"e":_:"ajr:eﬂ e Yield Part : Yield (HI x Biomass)
= Brelative : Relative biomass (Reference: no water, no soil fertility, no soil salinity stress)
H © WPet : ET Water productivity for yield part (kg yield produced per m3 water
o evapotranspired)
Yield 'arr|::|albt’:i:;il:7t EESEs — -
P
i Yield Part : Yield (HI x Biomass)
cc
Biomass : Cumulative biomass produced
55 days to maturity
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Functional Models
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- Weather Conditions
- Soil Conditions

- Crop Management
- Biotic Factors

- Stress




Geo-spatial /GEO-ICT

ICT is an acronym that stands for Information &
Communication Technology

Geospatial technology can be refer to GEO-ICT (Location-ICT) this
including GIS, Spatial modeling and spatial data and geospatial

services.
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Scale is important aspect in geospatial and we can apply “scale independent
approaches” that allow tracking of changes at any spatial domain:

Global-> National -> Basin-> Farms ->Fields -> Buildings -> Petri dish -> Cell

This kind of development gives the multi- and cross-disciplinary nature of the
geospatial sciences an technology.

Multi-Platform Analysis /Visualization
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Vegetation: Dec 1, 2019 & Dec 11, 2019 Dec 14, 2019 Dec 16, 2019 Dec 19, 2019 Dec

Irrigated maize production
(SABBI Farm, Vaalharts,
South Africa)
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Vegetation: n28  Jull Jul3 Jul6 Jul8 Julm Jul13  Jul16  Jul18

Irrigated Barley production
(SABBI Farm, Vaalharts,
South Africa)
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Agricultural UAV applications

Agricultural application are in three categories:

DJI MG-1P

- Monitoring operation AGRICULTURE DRONE

- Agricultural optimization

- Increase of productivity




Agricultural optimization

Land unit mapping
b Terrain analysis for tillage operation
- Weed control

>
=

Soil Organic Matter

Pest control

Rangeland
mapping/management and
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Monitoring operation

Mapping of crop types
Monitoring of growth stages
Weed mapping

Water requirement

Mapping crop stress (biotic/Abiotic)

Yield and production estimation
Insurance index
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Increase of productivity

Crop water use
Irrigation efficiency
Fertilizer management
Rangeland Capacity
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Remarks:

- The rapid development in satellite/low-altitude data acquisition and cloud
processing platforms make the use of these technologies much available for
researchers and specialist and open many doors for high-level applications
(e.g. WEF, WaPRO, LaPro,...)

—> Sharing of monitoring, modeling and simulation results with end users (farmers,
specialists, & decision makers) in a way that can have impact on their
cultivation practices for better use of resources and maximize the productivity of
the land
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