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Introduction
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Lo n
Market for non-GMO soybean

Difficulties to produce non-GMO soybean
— Crop isolation

— Controls to avoid contamination

— Low non-GMO seeds availabllity



The aim of this work
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This work proposes Non-GMO Soybeans
Tracking System using Blockchain to
trace samples tests and information
from planting, passing through controls on
cultivation, harvesting, and transportation
to market delivery.



Blockchain
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“® 4 Blockchain is a
system in which a
record of
transactions,
especially those
made In a
cryptocurrency, IS
maintained across
computers that are
linked In a peer-to-
peer network.
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Smart Contract
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Smart contracts are digital contracts stored on a blockchain
that are automatically executed when predetermined terms
and conditions are met.

Smart contracts can help reduce document forgery and
Increase accessibility.



Smart Contract
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Smart contracts are suitable for use in area such as:
—  Supply chain

—  Ecommerce

—  Tracking systems

— Internet of Things

—  Data science and machine learning

—  Legal contracts

— and many others
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Non-GMO Soybean Tracking System

The system uses blockchain because it Is
secure against tampering, generating
reliability for auditors and consumers.

racking system data flow
Work Breakdown Structure — WBS
Smart Contract




Tracking System Data Flow
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Soybean Tracking System

Soybean Soybean Soybean Soybean Soybean
information information information information information
and and and and and
PCR test PCR test PCR test PCR test PCR test

11



-

Network Diagram

| |

—— Smart Phone
e \

™
/ Router
J

Notebook

Tablet

Blockchain Server

12



WBS of the Non-GMO Soybean
_L Tracking System
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Data Definition
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Data Definition is the first procedure, In
which the variables to be written to the smart
contract were defined.
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Seed Control
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This step seeks to identify the presence of
transgenic soybean variety to avoid
contamination of production fields, to ensure
non-GMO soybean production.
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Field Inspection

This procedure Is to ensure that no varieties of
transgenic soybeans are being cultivated by producers
to avoid contamination with varieties of other origin.
The stages of this procedure are:

— sampling during the growing season;
— Vvisits with cooperative technician and auditor;

— leaf test with SDI Trait
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Receiving Control
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The aim of this procedure Is to ensure that
vehicles containing transgenic soybeans are
unloaded at the receiving units, thus
avoiding contamination.

In this procedure PCR (Polymerase Chain
Reaction) test is performed to sampling of all
vehicles; the evidence will be stored for 90
days.
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_II Shipping Supervision
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The purpose of this procedure Is to ensure that no
contamination can occur in the vehicles during
the shipment and product delivery. This stage
Includes a visual inspection of all vehicles,
Inspection records, and monthly record audits.
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Smart Contract Development

@ remixethereum.org/#appVersion=0.7.7&optimize=false8version=soljson-v0.4.2+commit aféafb.. w P o :

«

1
2

hrawear/SauTrackina enl

pragma solidity 10.4.2;

3 » contract SoyTracking {

4

W0~ Shown
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uint public _lot number;

bool public _seed control status;

uint public seed control sample;

uint2s56 public seed control date;

bool public field inspection status;
uint public field inspection_sample;
uint256 public field inspection date;
bool public receiving control status;
uint public receiving control sample;
uint256 public _receiving control date;
bool public _shipping supervision_status;
uint public _shipping supervision_sample;
uint256 public shipping supervision date;

»

Compile | Run  Analysis Testing Debugger Seftings Support

Switch to the new interfacel

Current
version:0.4.2+commit.aféafb04.mod. Emscripten.clang

Select new compiler version v
Auto compile Enable Optimization
Hide warnings

© Start to compile (Ctrl-S)
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Smart Contract (Data Definition)

browser/SoyTracking.sol =

struct SoyInf {
address sender;
uint lot number;
bool seed control status;
uint seed control sample;
uint256 seed control date;
bool field inspection status;
uint field inspection sample;
uint2s56 field inspection_date;
bool receiving control status;
uint receiving control sample;
uint256 receiving control date;
bool shipping supervision status;
uint shipping supervision_ sample;
uint256 shipping supervision date;

¥

mapping(uint => SoyInf) public msi;
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+ :
- browser/SoyTracking.sol *
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Smart Contract (Seed Control)

»

event LogSeedControl(address sender, uint lot number, bool 1«

* function SeedControl () public returns(bool success) |
if (_lot number==8) throw;
if ( _seed control sample ==8) throw;
if ( seed control date < 28190101) throw;
lotCounter = lotCounter + 1;

lotkey = lot number;

msi[lotKey].sender = msg.sender;

msi[lotKey].lot number = lot number;
msi[lotKey].seed control status = seed control status;
msi[lotKey].seed control sample = seed control sample;
msi[lotKey].seed control date = seed control date;
mlc[lotCounter].lotCount = lot number;

LogSeedControl(msg.sender, lot number, seed control stc

return true;
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Results
Software Simulation

Compile Run Analysis  Testing Debugger Seftings Support

Environment  JavaScript VM £VM(-) v i
Account © Oxca3...a733c (100 ether) B
o Oxca3...a733c (100 ether)
Gas limit 0x147...c160c (100 ether)
0x4b0...4d2db (100 ether)
Value 0x583...40225 (100 ether) v
Oxdd8...92148 (100 ether)

Deploy I

or

At Address Load contract from Address
22



Results

oy

L=

Smart Control Simulation — Seed
Control

set_seed control_d 20191112
ate

set_seed_control_s

ample 15

set seed _control_s

tatus 1

SeedControl
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Data Stored in Blockchain

[wvm] From:@xcaz...a733c
to:SoyTracking.SeedControl() @x692...77b3a
value:® wei data:@x85c...5612f5 logs:1

stTatus

hash:0x694. . .2e447

e ———— T ————— T —— e ———————— 1

Bx1l Transaction mined and executrion succeed

TR

transaction hash

Bx694Ff3ch50dd72b534eeFaTTa98ea0a7afBebdf7A51F
dclaB77dfbbdalc2eda” Iy

fro- @xca3Sh7d915458ef54BadetdEBdfefadedfa733c Iy
to SoyTracking.SeedControl() BxB6925378d2ed424356d2C
Gc27aad97dl1a8630587 /bia lh
gas J000000 gas
r

transaction cozt

189422 gas I

execution cost

168158 gas WY

hash

Bxb694AFF3Ic608dd7 285 3deata7 74098030 aT atBebdfTOS1F
4clab77d7bbBalc2eda7 KN
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Data Stored in Blockchain

1.

logs [

1
“from”: TOx692570dled24a56d2ch
c27aa97d1a86395877b3a", 1
“toplic”: "OuBbdcesldflR34T7F26a
fbibBaibd3iI17cebbf 1034497 d686532 1 F7RESIF T30
b", :,
: "LogSeedControl” '

"t TBxCA3ISbTd91545BE
Fri@aDetRbBdFe2F44E8fa733c”,

“1%: T rEeT,

“2%: true,

303 TAST,

4= 28191112
“sender”; “@xCA3ISb7d91
545BEF540a0eb00BdFe FALERfAT 3",
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set_field_inspectio

set_field inspectio

set field inspectio

Smart Control Simulation

Field Inspection

n_date 20191113

n_sample 25

n_status 1

Fieldinspection
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Smart Control Simulation

1 Receiving Control

set_receiving_contr 20191114
ol_date

set_receiving_contr

ol_sample 33

set_receiving_contr

ol status :

ReceivingControl
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Smart Control Simulation

'L 1 Shipping Supersion
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set_shipping_super 20191115
vision_date

set_shipping_super

vision_sample A

set shipping super 1
vision_status

ShippingSupervisio
n
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Smart Control Simulation

Compile

Run  Analysis Testing Debugger Settings

» A

msi 789

0: address: sender

O0xCA35b7d915458EF540aDe6068dFe2F44E8fa733c¢

W ~ o0 » B W N =

. Uint256: lot_number 789

. bool: seed_control_status true

. uint256: seed_control_sample 15

: Uint256: seed_control_date 20191112

- bool: field_inspection_status true

: uint256: field_inspection_sample 25

- uint256: field_inspection_date 20191113
: bool: receiving_control_status true

9:

uint256: receiving_control_sample 33

10: uint256: receiving_control_date 20191114
11: bool: shipping_supervision_status true
12: uint256: shipping_supervision_sample 55

13: uint256: shipping_supervision_date 20191115
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Conclusion
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Blockchain is a reality and suitable for
applications in which the available information
needs to provide security to partners and
consumers.

The traceability system prototype was developed
only on the smart contract, still missing the
Interfaces, but it Is possible to notice Its
effectiveness.
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Thank you

E-mail: inacio.yano@embrapa.br

) " PATRIA AMADA
Em:pa AGRICULTU%L\N,EEEFSER% BRAS”.

EABASTECIMENTO "« GOVERNO FEDERAL
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