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—->Plant system and yield complexity
—-Yield estimation and EO systems

- Empirical models

—->Mechanistic models
- Combined models
—->Models Classification

—-EO sensors for plant monitoring

—

sl =g ARC *» LNR
W ~ —— T —
S - — Excellence in Research and Development




I A
7) 4
4274 49204
8% 0,0 8,40y
000000000004 )
/)

4y l‘
040,04
404,04 4 “
U100
Rainfall

CropYield:

JETT

f Rainfall + Irrigation 1

J Radiatio
f Temperature

Qr.
f Nutrients /2017
J Cu
f Manageme

> Soil Moisture Depth

ey 4

ARC * LNR

Excellence in Research and Development



DATABASES MODELS APPLICATIONS

—IM— Validation /
— Crop Models Sensitivi

Sensitivity

Biotic inleractions‘ \Weather\ Management

+ Crop Sequensing

SUPPORT SOFTWARE

Genet

Soil

- z Water balance
Crop Rotation / ™ Carbon balance
] ey B S
Analysis [Roots | Numemba\;n:e(N&F’) :tsdton
1 1 5 i R 'u
Tamage Runoft,
pa -~ ‘ Yield ‘ |Atmnspher\cﬂux ‘ i ‘ e
GIS Linkage « Water i ; ¥ ¥ ]
- NPK ANA NT 1
o Ph M GEME [Secic-ecanomic] [Environmental]
- SOM
I « Depth * Planting window Figure 1. Diagram ofthe components of SALUS
* Planting density
4 = |rrigation
s
] * Phenology + Inorganic fertilizer
* Max # of kernels * Organic manure
A C « Kernelfilling rate * Tilage
: qualrop p—
% Crop Water Productivity Model
Fy=ym— o x
[Cstart A Main menu - o x me‘" r ; -t - oesaien || Dot i | B -svee | cioe |
al Descodon | partsl | ETe | Teromatre | Awowberc 002 cscanmatan | . S— - - = he _
ERvironretana oD e —— Crop production (no water, fertility or salinity stress)
Climate

i Display crop parameters.

ited
Cimate Ao oo e et At St e i
. Omate |[—{FSREIII Specfy cmat data whenRurming Aauaciop S
Ay e
Cmp it |
Land and Water Division @ Growing cyde: Day 1after sowing: 22 March - Maturity: 24 July

Exit

F
§
i

Fooe a1 Agriculture Organtzation of the Unitad Nations Crop FERG | agenericaop R

Managemenl
Description o
Rainfed
E—EE Irigation ainfed cropping e T f
. - F‘E\d Mo specific field management. —
ey 5% o - e
Rl i) oy Rok e when By Gy ﬂ”
e ot e et . ISR ‘e 5 i by Mg
Calendar of wmm qa- et and ot ks Folorofie iz Desplustny st - - Demepen
et o Groundwater Nane) o shallow groundwater table oz PO e R

e

[ mrmn= e

— Simulation—  smuasonperod [—simuason perid: From: 22March - To: 24y
e ! l ':BW 7 Soi water profile at Fiekd Capacity K Emp S ten -8 x ° -0

escrton | Dersmment oo | sonas -svess | coendr |

oy %

T y oucttn Deseent | it | Bons s | cooin | " -k -

j:dj a Crop development (no water, fertility or salinity stress) Crop; "M"d"““"" (o EeelEn) Pl e e e
i o vt oy | v

e i e crycove | aney et | P rromson | Ao e | T | Pl e Effocts of [sol fertilly siress

- w170 orme bt it b
e 3 Elw 0.0 wntha
s = —— natve
e Project ], project |_ﬁ,,‘.; o specfic project oo B wom e e 7]

st o — 3 venme =
[ £ Field data e {fRE) T Mo field abservations

Display — [ Restenshp Trarspen -enass
L Reanamno i st oz st

@ Exit Program e
- &
- Sroumbster Charscrams - o X Sof protie charctennes — o x i
| Y I I i P Bkl IS e —ompun
£ | e o
| 18.5 plentsjin2
1
e sumcriero)
¢ Hewa | | e R
5 ] o b= e T
o [T i e e B moiascowscmn |
O— o
B Fye— - o ox
T Generation of Irrigation schedule
- -
3@ [BE [ [we ;- —_— Mok | g e e e | =,
[
S tere ==
s —{ Sk oy | ot T Tjesim
- o | £riice 3
. e
“"'"‘""\"'”"""‘ Simulation period s =
125days. e o
Cmenaal [Lome e | S i vt it o sudtyes i | + .

£ N S
I [

=— = ARC * LNR

=T Excellence in Research and Development

[ (x| B (] G | e

o it | Hiemeal



AquaCrop 4.8 (June 2012) - Outy
Water content in soil

put created on (
0il profile (CTotal layer: 0.00 - ne (i Zrx = 1.00 m)

date) : 2015/10/13 at (time) : 01:13:41 PH RuaCrop 4.0 (June 2012) - Output created on (date) : 2015/10/13 at (time) : 01:13:41 PM
1.20 m) and root zo with Electrical conductivity of the saturated soil-paste extract (dS/m) at various depths (at center of compartments)

ay Month Year DAP Stage  WCTot  Wr(Zx) 2 W WR(SAT)  WR(FC) Wr(exp) Wr(sto) Wr(sen)  HWr(PWP) at depth (m): .05 .15 0.25 0.35 0.45 0.55 0.65 0.75
oD D Dowep v v v v v vy onth Ve oS  fed  fe  fe e e fe ket

L orm o o w198 o 95 o 55 9% o5 95 B e e aepue) [, ERD B Ewy e Ee Eg
Poldm 3 8 mes i3 ee 35 35 23 33 23 35 33 LA e e fge b el Tee  denl e e
S Tmz 1 1 o1 1mi o 1 b e 7ae s e oo 4 g 00 m b oo o5 o5 oo o o o
§ohas 5 a B oaml i on En e = B e e O T~ B S
S i 1 B oame uh a3 B B BT B ne ¢ tar 3 i e we w0 ee  es oo 00 00
PoiEE oS D B oamDooR Epome m Re mr B ke 7 taw a1 e wo 00 e oo se 00 o0
10 1 2012 7 2 233.4 193.4 0.32 57.1 159.3 95.6 8.8 64.7 4.9 31.9 9 iyioe1y L) 2 2.9/ 2.9 2.9 2.9 2.9 2.9 2o L)
11 1 2012 8 2 232.9 192.9 0.33 59.4 166.3 99.8 84.3 67.5 43.7 n3 10 1 2012 7 2 0.0 e.0 0.0 0.0 0.0 0.0 °.0 o.0
12 1 2012 9 3 232.5 192.5 8.35 61.6 172.8 103.7 87.7 70.2 45.5 34.6 u 1 2012 8 2 0.0 0.0 0.0 0.0 e.e e.e 0.0 0.0
13 1 2012 10 2 232.0 192.0 0.36 63.7 179.1 107.5 98.9 T 47.1 35.8 12 1 2012 & 2 0.0 e.e 0.0 0.0 0.0 0.0 0.0 0.0
14 1 2012 11 2 231.6 191.6 0.37 65.7 185.2 111.1 93.9 75.2 48.7 37.0 13 1 2012 1e 2 0.0 0.0 0.0 6.0 e.e e.e 0.6 0.6
15 12012 12 2 2312 1912 0.38 67.6 191.0 114.6 9.9 77.6 50.2 38.2 14 1 2012 11 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16 1 2012 13 2 230.8 19.8  0.39 69.5 196.6 117.9 99.7 79.8 51.7 39.3 15 1 2012 12 2 0.0 0.0 e.e e.e 0.0 0.0 0.0 0.0
Toldh B3 Bel 5 ok a3 e mo s me  »i s P S S S S S S
B em R d Bn me ah i b mE e G B B B e b B B8 @l ey el e by g dae
B oaam Boa B R MR Zem EE e oy me 2 B im: 1. 3 e os o oo oo oo oo oo
2 Onme 22 2 oo R SR 2 o R = 5 B 2 ame om o3 o &e e Be G ms  ss  ae
2 i3 53 EoE ik B oB oS oM 2 & a R WG a5 ae B we w4 hw  bw e e
R oiEs o2 omloaEiok 2 oEmi o33 oum @ o4 & S H%ei i 3 e e s ige  lge e loe  dee
BoiEs R} B3 ol ook &s Mo omiome o83 2 G g g @ ge  ge o8 Ee e e
R T S S B S e S v S S S S 2 st o o2 gs  Epw ge jog ps eel jen ed
R oime B By oms ook e Ml oiml oM 5o @ g paz 2 2 el gn el (e jom el jee o
Foims B3 OBuowa s i e Mo B w8y & ap G oz B Se)  se  Jmel  jesl sl feel e B
B Gn % > mes es osr s  mo  Isa  bia s e s Zp nog gu 2 e oo gt oD g ap 0 o
BoTEe B o Bt me B %y dan i3 B e 8 4n » tmm oz oz ep  ms e ee  se e e oe
31 1 2012 28 4 226.3 186.3 0.53 93.1 267.1 160.2 135.3 108.3 70.2 53.4 3 1 2012 27 2 B:B B:B B:B E:B a:e a:a a:e e:a
ToiEe B Bl wmd oeR o n o EDoaar B oW Rnd ous » 1mz oz o2 ee pp e eo o9 20 oo 00
1 1dm ® 3 es e 65 es aa 85 os o

= Yield Part : Yield (HI x Biomass)

Biomass : Cumulative biomass produced
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Crop Growth models
Crop Simulation
Crop Yield Simulation

Crop

Growth/Production
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Empirical/Statistical Models

Empirical models are simply a regression analysis between factor(s) that affect

the plant growth and crop yield
P & Py Y = Yo+ (Y,, — Yo)ll —exp(—cN)j
» Linear Regression Y. ¥ = (Ve — Yo)exp(—cN)
» Growth Indices o
» Principal Component
» Markov Chain
E 1wt
Y=BD+BIX1+52X2+ ........ + e I
Y=BO+zﬁiGi+e- G, = > 15 X e
o Y =9.6 4+ 51.4[1 —exp(—4.16P,05)]
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simple accurate i
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Mechanistic Models

Mechanistic  models  are
simulating the fundamental
mechanisms governing the
crop growth and yield
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Earth observation potential in crop yield estimation?

Several satellites has a capability to measure the land reflectance at
spectral range that can be used for plant monitoring

Major ranges for plant monitoring are “Red” and “Infrared”
However, the ranges in the shortwave infrared and Thermal

inferred (TIR) are also valuable for developing several plant growth
indicators related to moisture content in plant and soil.

Scalable Satellite-based Crop Yield Mapper

Based on statistical relationship between
NDVI and ground data at 29,000 samples.
Model run under Google’s Earth Engine

&

., 2015) ARC * LNR

Excellence in Research and Development




M
Ol E
ﬁu
Q|
= £
=
||
=
O
+ || S
mu.
>
| -
Q
(V)
Q| s
O &

Climate data Weather
Baseline, actual (R T)
Soil data | PTF-Map
Texture, SOC L (AWC)
Bulk density | HoST
Class
Plot
yields
Experimental
Area, grid
reference
Morpho-
B i metric data
. Google |
Planting,
fertilizer,
Ordnance harvest
Survey | — .Y .
Lacation L NDVI

Productivity
models

-

Yield Maps
(100- 1000 m)

On-farm yield
(per farm or field)

—

ARC * LNR

Excellence in Research and Development



Basic parameters that has impact on crop growth and
can be monitored by satellite are including:

Growth:
—> Biomass production
—> Leaf area

- Vegetation indices and chlorophyll content N o

Indices* Formulae® References

NDVI e e Raouse et al. (1974
o NIR-Red Hucte (1988

EVI Crmrdior e+ L) Huete (1988)

Mid-infrared index  Mit Musick and | 1

MSI % Rock et al. (1986)

NDVI green L

NDWI

RSR

SR

TVI

evapotranspiration

\ Dry edge

Water:
—>Evapotranspiration
= Water deficiency (Dryness index)
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—> Water Use Efficiency

Nutrients:
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(Rocha et al., 2012)
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