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« Felda Global Ventures Holdings Berhad (FGV) is a global, diversified and
sustainable integrated agri-business leader.

* Incorporated in Malaysia in 2007, FGV progressed into a diverse agri-business
company and rapidly established itself as Malaysia’s leading global agri-business
player.

« Today we are the world’s largest producer of crude palm oil (CPO), a leader in
Malaysia’s sugar industry and a pioneer of cutting edge green technologies,
by a 18,000 strong workforce and a global integrated supply chain.
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An Expanding Presence

Plantation sector
Palm, R&D and Trading

— s Logistics & others sector
T Integrated supply chain support

Sugar sector
Malaysia’s leading
refined sugar producer

FGV

Felda Global Ventures Holdings

Berhad (FGV) operates under three main
business sectors namely Plantation sector,
Logistics & Others (LO) sector and Sugar
sector.

With operations in more than 10 countries
across North America, Europe, Asia and the
Middle East, FGV aspires to be one of the
top 10 agri-business conglomerates in the
world by 2020.
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THE ENTIRE VALUE CHAIN FGV

REFINERIES
* 7 palm il refineries including under * 2 oleochemical facilities, FaV¥ a
Joint Venture. Production output of one in USA and another in w =
approximately 3.0 mil MT CPO and Kuenten vie Joint Venture

0.7 mil MT PK 71 PALM
« 5 kernel crushing plants in Malaysia
! Biodiesel ociiasin Koanten OIL MI

-

vy ry

GLOBAL

‘ FMCG
6 *  Fast Moving Consumer Goods (FMCG) with ¢« >12,000 glpolm plantation for
16,000 customers and 60 Store Keeping R&D purpose PA LM OI L

Units (SKU) « Award winning Yongombi pld

*  Saji brand with 35% Maloysion market materiol with 40% market shore TR
share, faster growing brand in Myanmar end  +  Fertiliser production of > 700,000 MT
Philipinnes HOUSE

* Joint Venture with Precter end Gemble (P&G)

le o .
Hec ond local pertners in Pokiston end Chine Vegetable oil storage with

> 850,000 MT capacity

UM
gy
PRODUCTION OUTPUT OF
1 M I L Llo N Over 450 lorry tankers and cargoes,
TONNES 7 distribution depot and 2 warehouses
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Plantation Sector -
R&D and Agri-Services Cluster
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Utilizing cutting-edge
technologies across all
facets of FGV

FGV’s world class R&D and Agri-Services
Cluster is anchored on four decades of
research and development. The Cluster’s
key objective is to generate cutting-edge
agri-business technologies to enhance
operational performance and commercial
utilisation across all facets of FGV. The
company’s award-winning Yangambi olil
palm planting material, which has 40
percent market share in Malaysia, is just
one of R&D’s innovative products.
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Big Data in Agriculture FGV

Agronomy

ICBAA@UPM, Malaysia

Genetics/Breeding Farm management Dec. 6, 2017
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Connected assets covering a broad range-of .

. « ey ICBAA@UPM, Malaysia
agricultural activities e 6 2017

Soil
*Soil moisture sensors enable more precise and efficient irrigation management.
eChemical analysis enables fertilizer optimization, including informing variable rate prescriptions for fertilizer applications.

Plants

*On-plant sensors for hydration monitoring,minimize drought-related yield and quality losses.

eRemote imaging sensors can monitor (and often predict) nutrient deficiencies, insect pest infestations, and disease
outbreaks.

Livestock

eGeolocation sensors attached to livestock animals can prevent theft and wandering losses.
eSensors monitoring internal temperature and rumen pH can predict fast-moving diseases.
eBehavior analysis through movement tracking can accurately predict estrus for breeding.

Environment

*Weather sensing combined with modeling offers growers advance notice of weather events.
e|ntra-field sensors help orchards identify temperature inversion areas with high frost risk.
*Precipitation monitoring is a valuable data point in irrigation planning models.

Equipment
*Engine monitoring sensors allow service providers to offer predictive maintenance services.

eGeolocation sensors on machines allow for fleet tracking, efficiency monitoring, and theft prevention.
*Real-time activity and performance sensors on ag equipment enable automation.

Farmers

eGeolocation sensors in/on individual workers feed data into ERP software platforms for accurate tracking.
eConnected data-entry systems help workers input activities in real-time, minimizing errors.
eSensor-enabled workforce management automates the record-keeping process for regulatory compliance.

Source: Lux Research, The Internet of Agricultural Things, June, 2016
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Challenges in
Managing Breeding Data



I. Component Breeding Research FGV

28 Parameters a

Germplasm Mother palm Research project Crossing Process
Trial Information Father palm || Yield Improvement Bagging
Location Ortets Germplasm improvement Control pollination

New Crosses/ Progeny

Seed process

Commercial Deli Dura

Clonal

Introgression Improvement Germination

Research Data

Seed Store

Specific Traits study

Yield Component: BNO & BWT

Pollen Store

Bunch Component: MSW,MFW,MKW,etc. Oil Content:GLC Nursery and Field Planting

Vegetative component : Height, rachis, leaf number, etc.

Fruit colour, Palm census, Abnormal _
ICBAA@UPM, Malaysia
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ii. Complexity : Seed Production Processes .
ICBAA@UPM, Malaysia
16 Steps

Dec. 6, 2017
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iii. Exponential Growth of Breeding Data FGV
~

ICBAA@QUPM, Malaysia

. Growth of FGV data breeding over 50 year Dec. 6, 2017
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mmm Number Trial 19 75 160 269 387 472
mmm Number Progeny 708 3322 6191 9215 12902 16749
Data Point 50976 239184 445752 663480 928944 1205928
mmm Number Trial = Number Progeny Data Point



iv. Big Data Criteria: 3 V’s FGV
~
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Volume Variety Velocity
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& 150 Active trial, Progeny, Origins connectivity
Image, Document




FGV Integrated Breeding System
(FIBS) —

€ CoGen Platform - Google Chrome

& C | [4172.20.110.10:7071/home
125 Apps * Welcome to iOBGEP # CoGen Platform

Unleash The Unlimited Power
of Molecular Breeding

PROGENY TRIAL MANAGER SYSTEM ADVANCED USER UPLOAD FIELD DATA
MANAGEMENT DASHBOARD MANAGEMENT FIELD DATA EXPLORER

Are you missing out on technological advances in commercial breeding?

ICBAA@QUPM, Malaysia -
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iv. Integration of Multiple Parameters —
Single Relational Database
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Component | : Breeding Information

Management —
#32 Matrix of Progery | Il Details

State Fahang

Station JENGKA 25- 1B

Stage Jengka 25, Pkt B

Block I

Location Size

Soil Type

10
INLAND
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Component | : Breeding Information
Management
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Component | : Breeding Information
Management

Map  Satellite
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Component | : Breeding Information
Management

€ Back

hMap Satellite

‘Map data 22017 Google Imegery £2017 . CNES [ Airbus. DigitabBlobe. Landzst / Copernicus | Terms of Use | Report = map sfrar
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Component | : Breeding Information

Management g

Map Satellite [T

]

Mzap-dats §2017 Google Imagery E2817 CNES | Aitbus, DigtalGlobe | Terms aflse
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Component | : Breeding Information
Management

!

Map dat= 2077 Geogle Imageny S2017 CHNES | Airtbus DigitalGlobe | Tesms of Lse | Report & map emor
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Component | : Breeding Information
Management

Map data ®2047 imagery 2077 CHES | Airbls, DigitalGlobe | Termz of Uss | Repart = map errar
ICBAA@QUPM, Malaysia
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Dec. 6, 2017 Parental Database FGV
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Inicia

Insertar

Disefio de pagina

Formulas

Datas

Revisar

Vista

PARsumA.csv - Microsoft Excel

x

o @ o P =

‘ Al - 5 | ALL available Parents
| | B e D E E G H I 1 K 38 M N (0] P Q R 5 T u v w X Y 7 AA AB AC AD AE
Ea able Parents

2.

3 No:  Name 1-mEgCIR0257  2-mEgCIR0408  3-mECIR0S86  4-mEgCIR08%4  5-mEZCIR2569  6-mEGCIR3281  7-mEgCIR3382  8-mEECIR3428  O-mEgCIR3560  10-mEgCIR3633 11-mEGCIR3693 12-mEgCIR3711  13-mEECIR3886  14-SEg00011 15-5Eg00038

4 1 AA1-108 284 296 202 217 161 177 204 216 238 248 244 244 120 122 173 183 243 259 137 151 295 295 174 174 196 196 154 154 134 18
5 2 AB1-10 284 284 - 177 177 204 216 —- - - - 173 173 259 259 —- - - - - 192 196 154 154 187 18(_
6 3 AB1-15 284 290 202 211 177 177 200 216 248 248 232 232 120 120 173 183 259 259 137 153 298 298 174 178 192 196 154 158 184 18
7 4 AB1-18 284 290 202 217 177 77 204 216 248 256 232 232 120 120 173 183 259 259 137 151 298 208 174 174 192 192 154 154 184 18
8 5 AB1-23 284 290 —- 177 177 200 200 —- - - - 173 183 259 259 —- - - - - 192 196 154 154 134 18
=) 6 AB1-28 290 290 -- 177 177 200 204 -- - - -- 173 173 259 259 - - - - - 192 198 154 154 187 18
10 7 AB1-31 284 290 -- 177 177 200 204 -- - - - 183 183 259 259 -- - - - - 192 198 154 154 184 L,
ki | 8 AB1-6 290 290 211 217 161 177 204 216 238 248 265 265 120 120 183 183 259 259 151 153 298 208 174 178 192 192 154 158 134 18
12 9 ARK86 304 306 202 202 161 177 200 206 250 256 232 238 122 134 185 185 239 245 137 145 300 306 174 178 192 198 154 160 134 19
13 10 B36-35 284 306 202 202 175 177 216 220 248 256 240 240 120 130 183 185 247 247 145 151 296 296 176 178 196 196 154 158 187 19
14 11 BAK-10 296 306 - 161 161 200 206 —- - - - 181 185 245 245 —- - - - - 198 206 154 154 134 18
15 12 BB1-123 304 306 202 202 161 177 206 206 250 250 232 238 122 134 185 185 239 245 145 145 300 306 174 178 196 198 154 154 134 19
16 13 BB1-224 304 306 -- 161 161 200 206 -- - - -- 185 185 245 245 - - - - - 192 198 154 160 184 19
17 14 BB2-67 290 304 202 202 161 77 200 204 256 256 238 238 120 122 173 185 243 259 135 137 296 300 176 178 192 198 154 160 184 18
18 15 BQ6-21 290 308 - 161 163 204 216 —- - - - 183 183 257 259 —- - - - - 198 198 154 156 134 19
19 16 c2-1 296 306 211 211 173 177 196 206 240 258 238 238 120 140 183 183 245 249 127 145 300 300 174 174 198 198 154 156 184 18
20 17 C2-114 296 306 211 211 161 161 194 196 240 248 244 244 120 132 183 183 245 245 127 145 300 300 178 178 198 198 154 154 184 18
21 18 C2-27 208 304 211 211 161 177 194 202 240 248 238 244 132 140 181 181 245 249 137 145 300 300 174 174 198 198 154 154 196 ik
22 19 C2-35 208 304 211 211 161 177 194 196 240 248 238 244 120 120 183 183 245 249 137 145 300 300 174 174 198 198 154 154 134 19
23 20 C2-79 - 202 202 -- - 240 248 238 238 120 140 181 183 -- 137 145 300 300 178 178 -- - - -- - -

24 21 C39-12 302 304 202 202 161 173 200 206 240 248 232 244 120 134 181 185 245 245 135 145 298 208 178 178 198 198 154 156 134 18
25 22 C39-3 208 304 211 211 161 173 200 200 248 250 232 244 120 122 181 185 245 247 135 135 295 295 178 178 198 198 154 156 134 18
26 23 C39-45 290 304 202 202 161 179 200 216 248 250 246 246 120 122 173 181 245 247 135 145 298 300 178 178 192 196 154 154 187 19
27 24 C39-8 302 304 202 211 161 173 200 200 250 250 246 246 120 122 181 181 245 247 135 145 298 208 178 178 198 198 154 156 184 19
28 25 CDM-18 306 306 211 211 161 161 206 206 250 256 238 238 122 122 185 185 245 245 137 137 300 300 178 178 196 196 154 160 134 18
29 26 CDN-95 306 308 211 211 161 177 200 206 240 240 238 238 122 122 181 185 245 245 135 145 296 300 174 178 198 198 154 154 184 19
30 27 CEN-118 302 302 211 211 171 175 190 204 240 248 248 250 136 136 171 189 253 253 161 161 302 308 174 188 194 202 152 152 193 19
21 28 CEN-43 302 302 211 211 171 175 192 204 248 252 250 250 134 136 171 171 253 253 131 145 302 308 174 188 194 202 152 158 199 ik
32 29 DD13-51 304 306 211 211 161 161 200 204 240 240 238 238 122 134 181 185 245 245 135 145 300 307 178 178 196 198 154 154 134 19
33 30 DD16-2 304 304 211 211 161 161 200 204 240 240 238 238 122 140 181 181 243 245 135 145 300 307 178 178 196 198 154 154 184 19
34 31 DD16-27 304 304 211 211 161 161 200 204 240 250 238 238 122 134 181 185 245 245 137 145 300 307 178 178 198 198 154 154 134 19
35 32 DD3-10 304 308 211 211 161 179 200 200 240 246 246 246 122 134 183 185 245 245 137 145 300 306 176 178 198 198 154 158 134 ik
36 33 DD3-6 304 308 211 211 177 179 200 200 240 246 238 238 122 136 183 185 245 245 127 145 298 300 174 176 198 198 154 158 184 19
37 34 DD9-63 304 308 211 211 161 161 200 206 240 240 238 238 122 134 181 181 245 245 145 145 296 300 178 178 198 198 154 154 190 19
38 35 DD9-89 304 308 211 211 161 177 200 206 240 240 238 238 122 122 181 185 245 245 135 145 296 296 174 178 192 198 154 154 134 194
M < ¥ ¥ | PARsumA 3 4] j | Al
Listo | |[E8m0 M 100w (- L} (+)




o |
/’

ICBAA@QUPM, Malaysia
Dec. 6, 2017

Marker
Germplasm assisted
breeding

Building on the oil palm genome
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 Development of visualisation
capability

Genomes =

- \
s e s '
- \ - P 1 W

ELAELSBA

e e e

ELAEIS GUINEENSTS DATABWASE

L] Py

-

L RE

WO T

RNA tRNA Repeats
Annotation
Genes
Gene Ontology L -
ﬁ b LIS
Reads Mapping
Contigs
Methylation

Comparative Genomics

Variation

Transcriptome

Isofarms

Expression Profiles

qPCR
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ElaiesBase Objective FGV

* To host biological data (genome,
transcriptome, gene models, markers, etc)
into a systematic database

* To allow biologists in navigating the genome
for downstream analyses (visualisation)

ICBAA@UPM, Malaysia
Dec. 6, 2017
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FGV
/—

GENOMICS + BREEDING + FIELD
SCIENCE (AN EXAMPLE)

ICBAA@UPM, Malaysia
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FGV.

Ganoderma Tolerance Seeds
(Yangambi GT1)

Eo
k;) YangambiGT]

ICBAA@UPM, Malaysia
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FGV

~
ICBAA@UPM, Malaysia
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Development of Ganoderma
Molecular Marker(s)

33



Characteristics of GTM Markers

ICBAA@QUPM, Malaysia
Dec. 6, 2017

a) GTM markers were designed to target a
fragment of NBS-LRR disease resistance
protein homologue within an oil palm.

b) Either individual or in combinations of GTM
primers will able to predict the susceptibility
of oil palm against Ganoderma BSR disease.



Example of PCR Results with FP3

ICBAA@UPM, Malaysia

Dec. 6, 2017 Marker FGV
PS PT . PotentialTﬁt’(PT):

both bands are present
(green arrows)

* Potential Susceptible
(PS): either one or both
Internal bands are absent (red
control arrow)

 |Internal control — control
indicator for PCR

Patent Pending: Markers for Ganoderma Disease Diagnosis and a Use of Thereof
(PCT Application No.:PCT/MY2011/000228)



Ganoderma .marker FGV
(Correlation) —

ICBAA@QUPM, Malaysia

* A total of 5,295 phenotypes data from 5 ¢ %207
different nursery trials were analysed.

 Ganoderma marker Vs Nursery phenotype =

70.31%

* The combinations of YangambiGT1 and the
patented marker allow FGV to make a more
systematic and pragmatic approach.

36



Ganoderma Nursery Screening rcv

Dedicated 8.40 hectare nursery located at Ulu Belitung (Johor)

A = 6,000 palms

B = 2,800 palms

C = 3,000 palms

D = 8,000 palms

E = 10,000 palms

F = 8,000 palms

G = 7,000 palms
Total = 44,750 palms




High Throughput
: FGV
Ganoderma Nursery Trials —

e Screening capacity for planting materials (35 +
6 control crosses)

* Conventional strategies to identify resistant /
partial resistant PM

e Platform to validate the Ganoderma tolerant
marker (GTM) — genomics

ICBAA@UPM, Malaysia
Dec. 6, 2017
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h Tolerance Palms

" IAUPM, Malaysia

, 2017
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TK5818
TK5816
TK5729
TK5857
TK5849
TK5853
TK5815
TK5728

138% - 168%

. Relative To

TK5820
TK5822
TK5737
TK5809
TK5819
TK5821
TK5727
TK5750
TK5717

114% - 131%

. Mean Tolerant for Ganoderma control crosses (100%) ‘
40




FGV
Evolution of Digital Agrlculture/—

PAST PRESENT / / FUTURE

Confused Farmer L5000
(Overwhelmed by data) . . ~o =
i@g ,~2008 |

Accumulated large amount of dataset
in the Cloud:

* Agronomic data

* Environmental data

Mach\'ner\(& d GenetiC'based data
GPS Tracking
19805 Modelling:
R ‘ S Data-driven operational decision to
Heliatendis Py optimize yield and boost revenue.

m . 19THCENTURY

/l\ Doppler Weather, ’ 1 Sensor Payload
| Torecast @ Plant Sensors ((5#; )]

The Plough |:|:| (e.9. sap flow) M inimizing:
2 H . .
INCREMENTAL BENEFIT OVER NEW GROWTH POTENTIAL FOR FARMERS * Operatlonal eXpenses
PREVIOUS GENERATION i i
https://www.accenture.com/cn-en/insight-accenture-digital-agriculture- * Crop failure (Wrong genetlc
solutions background for different

soil/environment)
* Environmental impact (nutrient
run-off)

ICBAA@QUPM, Malaysia
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Understanding agriculture:.. .
Complex and differing applications

» Different crop types have unique growing environments and
requirements, which create unique sets of priorities within each

application.

* Digital ag alignment of a digital ag solution to these priorities will dictate if
the solution is a good fit. ICBAA@QUPM, Malaysia
Dec 6, 2017
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4. Fruit and vegetable row crops 5. Greenhouse crops 6. Research and development




/ Sensors \

RGB Multispectral Hyperspectral Thermal Chlorophyll- 3D-Sensors
Fluorescence

vinm

' Biomass — o — 5 ———— & e
Vitality Plant Phenotyping OF 2

| | Resistance Breeding v

) . Pathogenicity Tests
Discascd | Fungicide Screening {&9
[ 0 - - -
l Acrems | | Q\'&{\ & Precision Crop Protection|
M —— | S Noid Decision Making
= = ,\QQQ '\c}e’ Site Specific Application
Disease 2NN Q98
Symptoms | *3‘\@0
I‘-A / i 1
(=] .
o — ] R ICBAA@UPM, Malaysia
Defence -c}o%
H o
Reactions | A\ - Dec. 6, 2017
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\_/ \ < , ‘
[ Cell Leaf Plant Plot } ‘ Field Ecosystem
\ ,J \ / J

Adapted from Mahlein (2016)



Space Applications For Environment (SAFE) Prototype

“Efficient Oil Palm Management Prototyping Using 3D GIS
For Replanting Program”

A Collaboration with UPM, Japanese Aerospace Exploration Agency (JAXA), Keio University & University of Tokyo

Keio University ‘V THE UNIVERSITY OF TOKYO FGV 3%*‘4 Japan Aeraspace Exploration Agency % U[P|M|

ICBAA@QUPM, Malaysia
Dec. 6, 2017



Purposes
of Oil Palm

Replanting
Program:

Example of mistakes and irrelevant condition of oil palm replanting from the pre

To replace un-economic and old palms (>25 years old);

To improve inherent estate infrastructures;

To optimize the land within the allocated cost;

To apply GAP aspects for better yield performance for the next 25

years.

planting activity that leads to loss of productivity, cost and time:

ICBAA@QUPM, Malaysia
VISs€ 6. 2017

Effect : Slow degradation of
chipped trunk.

Effect : Inefficient light
interception & reduced
palm stand.

Effect : Waterlog in palm
circle.

Effect : Additional cost on
development process to
transfer the pile of
chopped trunks




ICBAA@UPM, Malaysia
Importance of this prototype : Dec. 6, 2017
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1. Design Phase 2. Planting Phase 3. After Planting Phase

Objectives of this prototype :

1. To create DIGITAL 3D MODEL for efficient representations of the
plantation

2. To IMPROVE the conventional replanting method by using state of
the art methods of terrain representation.

3. To COMPARE the conventional method with the new 3D GIS &
remote sensing technique




Test Site :

PATTANI

mimﬂm 9 / g " arkias
 FGVPM Krau 2 n .
Estate,Bentong, % w AEIE )
Pahang 2 et
. " M a I ays i a PAHANG SEMPAH
|siantar @ T 2
o T B A Kuala Lumpur ci6o
s o R e
BLOH ZEK 2
= L 1ATRA . 27D ‘ @l
Hlozo WoFw g
5!1.'.‘&2; Kuala/Lumpur - o |
ket ; Singgpore &
1 #%  Google .
PERIMETER PLANTED
BIL BLOCK
Test AREA (Ha) AREA (Ha)
Blok 7 121.28 B9.23
Block 2 Blok 8 112.09 92.64
3 Blok @ 16E.BR 143.19
4 Blok 10 122.43 9315
5 Blok 11 123.97 B7.83
TOTAL 646.43 506.04
= Palm Age Estimated Period Palm Stand (palm/ha)
(2016) Planting Harvesting Current Future
711 32 years old 2016 2020 115 136
Area (ha) Provious T %) syp
Stand Soll Series Rainfall
Planwd | Harnvest L F | M| H {tha)
(palmha) . N
PMETA Bungon Tyolc Paleudulr
(Blok -
’ 11) Paleudlt




Rats Baiting Stone Border & Infrastructure
data Collection

Palm Lining Blanket Spray
(flat/undulating)

Terrace Packing Palm Lining (Terrace) Drainage

Oil Palm Replanting =~

flow of works: f—
ICBAA@UPM, Malaysia Progress
- Completed with new technologies

Dec. 6, 2 0 1 7/ Complete planned replanting program Pest & Disease

I T e L Management

applied




Putting it all together

ICBAA@UPM, Malaysia

Dec. 6, 2017
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Satellite gz

=¥
e

Remote sensing to monitor plant health

- Remote sensing to monitor plant
\ i health & early detection of
UAV disease spread (Phenotyping)

.‘..""’. -

Weather station
Wireless connection

e Soil moisture
° pH
* Nutrients

Right genotype (variety) for the right soil &
environmental condition

Wireless Sensor:

FGV

) Google Cloud Platform

Data storage
* Data analytics
* Modelling
* Yield prediction

Wireless network for
(( )) data transmission to
Cloud

Visualisation of geospatial data

J

g
-

-
Data-driven decision making to

minimize operation cost &
maximise profit

ICBAA@UPM, Malaysia
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In summary.... FGV

* Big-data in R&D
— Collecting various types of data
— Curating
— Analysis and interpretation

— Translating into meaningful information

* Opportunities for value-added service
— Increasing yield potential

— Right input, right time, right location CBAA@QUPM, Malaysia
Dec. 6, 2017
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