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" Was Thomas Malthus correct?

Food Output and Population

Population

Food

Time

Human population will
increase in a geometric
ratio (exponential)
while
food production (for
human subsistence) will
increase in an arithmetic
ratio
(linear)

- Essay on the Principle of
Population (1798)



= loday, after more than 200 years ...

Agriculture is being challenged on two fronts:

= Food security

Demand

= Population growth

=  Growing pressure from biofuels

= Changing consumption
patterns

= Limited availability of land,
water, mineral inputs and
skilled labor

= Climate change

Supply = Pre-harvest and post-harvest

losses




Dominant shift towards monoculture (Fatimah, 2018)
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Industrial crops are susceptible to cycles,

demand for food is ever increasing (Fatimah, 2018)
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Income potential ... (based on 2018 calculations)

A farmer’s potential harvest . f,;'f::.,g King)
from planting an acre of:- Pr— RM 156,000
. (MMD2)
RM 127,500
[l coconut
RM 37,500
B palm
' RM 17,500
! rubber
RM 4,000
9 '9.6

source; Ministry of Agriculture, Malaysia




N - .
Precision agriculture

« A management practice
applied at the right rate,
right time and the right
place

= Field sub-region
management
e nutrients
- drainagel/irrigation
« pests and diseases
- tillage and seeding

Individual field focus
® spatial variability
®» temporal variability

Terrain

=oils
Yield

Fotassium

ZIR Image



s Spatial variability

= differences across
space/distance

Yield (Ib/ac)
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- Temporal variability

= differences across time/season

Corn grain yield - 1997 Corn grain yield - 1998

e Lk
Field M1 (30 ac.), Davis-Purdue Ag. Center Field M1 (30 ac.), Davis-Purdue Ag. Center

High to low
]




- Why is precision agriculture practical?

Benefit Occurs

No Benefit Occurs

Lost opportunity

ACT Correct action Type Il error:
Loss caused
DON’T ACT | Type | error: Correct inaction

= Precision agriculture minimizes Type | & Type Il errors




Possible outcomes from using

precision agriculture

=  Higher yield with the same level of inputs
=  The same yield with reduced inputs

=  Higher yield with reduced inputs

reed need .
a lot! little
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We don't
need much




Mapping out the bottom line!

Profitability Category
*+ |oss
Break-even
Cover Variable Costs
+  Cover All Costs
+  Highly Profitable



Key challenge for precision agriculture

0 Technology structure
* Precision agriculture is information-intensive and

not embodied knowledge (e.g. hybrid seeds, GMO)

< need to transform precision agriculture into
embodied knowledge so that end-users can
understand better, without having to
understand the complex science behind it



Balasundram, S.K. 2016. Selected precision agriculture studies in oil
palm: A 10-year summary. Revista Palmas, 37(1): 243-266. (In

Spanish)

Technological domain Scope of investigation

Geo-spatial modeling FFB yields
Leaf and soil nutrients

Fertilizer trials
Soil organic carbon

Decision support system [/
Oil quality

Remote and proximal FFB yields
sensing Disease detection

Oil quality
Stand density

Spatial variability,
management zones,
nearest-neighbor analysis,
operational zones

FFB harvesting, image
processing, surface color,
degree of bleachability
index

Vegetation indices,
spectral reflectance,
sensor, geographical
information system,
Google Earth



Our recent outputs: Crop monitoring
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Our recent outputs: Landuse and hydrological modeling
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Our ongoing work

Monitoring of oil palm stress using

drone technology (mounted with an
NDVI sensor)
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Stress factors under investigation:

¢+ nutrient imbalance ¢ pest infestation ¢+ water flow




B Robotics for Agriculture, Acceleratiomn by sim ulation

An international collaborative research
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Digital farming = | = § e |
for citrus — i
orchards
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Talks and visits

= Robotic Harvesting of Fruiting Vegetables: “Acceleration by Simulation".
Acceleration workshop, Glas-40 (Invited as keynote speaker). 11-12 Sep,
2017.TU Delf, The Netherlands” [Video] [Presentation]

= Leibniz Institute for Agricultural Engineering and Bioeconomy, Potsdam,
Germany, Feb Z018-Aug 2018

= Wageningen UR, Plant Research International, The Netherlands, Aug 2Z015-
Feb 2016

« 2Znd live demo of sweet pepper harwvesting robot, Proefstation voor de Dr. Girieh Choredh . Tenl aPrtamatenrs
Groenteteeltin Sint-Katelijne-Waver, Belgium, September 12™, 2018 TUIUC Univof Southampton




Key areas for further work

1. Crop nutrition

 Nutrient balance index

2. Pest and disease control

« Early detection in a non-destructive way

3. Harvesting/Crop recovery
* Optimum ripeness detection protocol

« Optimized quality



Other areas that require further work

= Mapping of carbon sequestration potential in
different oil palm ecosystems

= Development of sustainability indicators that include
spatial and temporal variability

= Development of appropriate spatial scale to monitor
shifts in yield maxima

» Geospatial modeling of water flow in sloping land

* [mprovement of data processing methods, e.qg.
drone data should be in sync with spatio-temporal
data



Evolution of precision agriculture

The first 25 years (1990-2015):
Efficient farm

Remote sensing

Geographical
information
system

Positioning
systems

Precision
Agriculture

Decision support
systems

Artificial
intelligence

Variable rate
application

The next several years (2015-7?):
Connected farm

Positioning
systems

Data analytics

Precision
Agriculture

Hardware and
software
systems

Communication
systems



= Towards a connected farm
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Where are we going with all these?

~ Climate-smart agriculture
= Efficient = Cost-effective = Practical = Pollution free

Making the crop fit the environment (always
changing) — resilience

instead of the old way of changing the
environment to fit the crop



Where are we going with all these?

Internet of Things (loT) in Agriculture

®» A means of connecting systems so as to allow an
iIntegrated, multidimensional view of farming
activities, enabling deeper understanding on how
the whole ecosystem works

« Smart devices than can collect and send data in
real time to increase speed for decision making

* Big data

.. (2)



FUTU RE F ARMS SURVEY DRONES FLEET OF AGRIBOTS
- precise - microplot

small and smart etention & solcation o
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- rich & varied
- connected
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TEXTING COWS - o
constant SMART TRACTORS

monitoring of _
animal wellbeing - reduces soil
erosion

alerts & triggers
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