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Horticulture: rapid development

* The rapid rise of the middle class and rising
per capita income in emerging economies are
leading to increasing demand for healthy, safe
and sustainably produced horticultural
products. (China has about 300 million

populatlon with middle class level)
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1.1 General view of China’s
horticulture
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Horticultural yield in China
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Orchard area
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Cucurbit crop area
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Higher demand for imported food

e 2015, China imported more than 4 million
tons of fruits
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Global importers
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S&T demand for horticulture
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2. Breeding

. Mmmg the variety resources




2. Breeding

* Establish the variety resource standard
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2. Breeding

* Golden seed breeding platform
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3. Production

3.1 Problem

3.2 Monitor

3.3 Model

3.4 Decision and conduction



Fast increase of horticultural production
in China

2500 r -1 80000

- ERHER(TLM)

- 7= I ( ) 1 70000

- 60000

2 2
J - 50000
1500
IR g
~ - 40000 ;
g 1000 | 30000 tL
b1
B 1 20000
500
- 10000
O | | | | | | | | | O
O O < © 0 OO0 O d N M < 1D ©O N 0 O O 1 «
00 O O O O OO O O OO O O O O O O +H «w -
O O OO O O O O ©O OO OO O O oo o o o
— = =+ —+1 4 o4 &N N AN N N N AN N N NN NN

Annual planting area and yield for vegetables in China
Li Baoju, 2013



3.1 Problem

China greenhouse Area(1000 ha)

m Solar greenhouses 950

M Big (standard) plastic
tunnels 1700

m Small plastic tunnels 1050

B Multi-span greenhouses
1.3




Low cost, simple facilities in agriculture
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Solar greenhouse creation

e 1985, Farmers in Haicheng and Wafangdian,
Liaoning province, China invented solar
greenhouses to produce fruit vegetables, in
the external weather of -20°C.
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Solar greenhouse extension
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Fig. 1. Models, structure parameters, and evolution of solar greenbouse strocture in
China. (A) The primary solar gromhouse (before 1985); spans « 5.5 to 6.5 m, wall
thickness « 0.5 to 0.7 m, arch height « 2.1 to 2.4 m; steel frames and two to three
pillars inside the greenhouse, no insulating blanket, the roof is glass, (B) Modified
solar greenhouse (1986-95): spans « 6.0 to 8.0 m, arch height « 3.0 to 4.0 m;
frames are bamboo, steel, or a mixture of both, with two to three pillars inside: soil
wall thickness « 0.8 1o 1.1 m with heterogencous double laver; transparent coverage
matcrials polycthylene (PE) or polyviny|l chloride (PVC) with insulating blankct on
it (C) Modern solar greenhouse (1996 present): spans « 8.0 to 14,0 m, arch heighe
« 3.8 to 5.5 m, walls of air-entrained brick, polystyrenc slates, and perlite at 0.8 my;
non-pillar, zinc-coated steel frame. The rolling up and down of the insulation
blanket and ventilation vents are all automatic, The cast and west walls have

a wet curtain cooling system. (D) Double-arch solar greenhouse (2007-present):
structure parameters are the same as (C) except the double-arch frames;

1 m = 3.2808 fi. Gao, et al, 2010



Fig. 2. Photos of a single-slope solar greenhouse: (A) exterior, (B) interior, (Ch
upper side of the double-arch solar greenhouse, and (D) a group of solar
greenhouses, (Photos A through C were provided by M. Qu and Z. Zhang,
respectively; photo D is courtesy of Beijing Agricultural Burcau ).




Greenhouses in different latitudes

Table 1. The main structural paramceters of the solar greenhouse located at
different degrees of latitude (Zhang, 2001).

Back roof
Greenhouse  Span Ridge Back wall  horizontal shadow

Latutude t\'Ea' (m)’ ht (m) ht(m) lcnh'tll (m)
43°N 1 7.0 35-38 2.3-2.5 1.5-1.6
2 6.5 3.3-3.6 2.2-2.3 1.4-1.5
3 6.0 3.0-34 2.0-22 1.3-1.4
41°N-42°N 1 7.5 3.6-3.9 2.3-2.6 1.5-1.6
2 7.0 3.4-3.7 2.1-2.4 1.4-1.5
3 6.5 3.2-3.5 2.0-2.3 1.3-1.4
J8“N-40°N l 8.0 3.7-4.0 2.4-2.6 1.4-1.5
2 7.5 3.5-3.7 2.2-2.5 1.3-1.4
3 7.0 3.3-3.5 2.2-2.5 1.2-1.3

‘Greenhouse types are dmaded by the span and the ndge haghe.

‘Im= 32808 ft.



Solar greenhouse cost and benefit

Table 2. Input and output of different styles of greenhouses for growing cocamber and tomato i Beijing, China.

Solar greenbouse
Modified Modern Gutter<onnected haated greanhouse
bamboostee]  zinc-coared Polycarbonate Glass
Projects framw stoed frame matte greenhouse
Constroction cost (yuan,/m’ ) 40-60 150-200 650-750 850-950
Depreciatcd Duration (yean) 5-10 15-20 20-30 20-30
value Value /year (yaan /m? ) 12 75-133 21.7-37.5 283475
Annual production matenial +8 48 55 5.5
input (yuan,/m?)
Labor inpen (yuan /m?) 72 7.2 65 65
Prodection Heating emergy input (yuan /m?* ) 0 0 89.6 896
Cont
Wet cunain cooling cost (yuan /m?)* 0 0 4.0 40
Prodaction cost (yaan,/m’) 12 12 1056 1056
Vegetable Annual vegetable income (vuan /m’ ) 45 45 60 60
productivity  Net income (yuan/m?) 21-29 195-255 ~67 .30 -83.1 ~7391w0 931
Ratio of annsal  Inputioutput 188 1:1.76 1:0.44 1042
mpat /outpat

Tywwan/m' = S0 1888/ « 3001 30 0

"Heming ome win caloulanad by assiming that the paeser cosnood grooahouse nocds 10 be heeod 1004w winser, and scods bars | 12kg o * (0229 B M7 of coal por day ac
ot prie of 030 youn g (500172 A SDOR32 /W)

Comdag os win cdodaod by ssaming s e emor-comnocsod grocnbouss soods 0 te asdod 190 d 0 smenor, and soods comane 0.4 AW s 0007 KW/ ') o
dhocorciey por day ar eese peicr of 080 voan/XW (501172 4AW)

*Ascud vogetable movens wn calkelatod by asumung vegetable price (s 2 0 yuan g (30 2930,%g, S8 13299 and asnaal sverage yield of solar grecnhosne and guewr-
consccted groonhowe B Jyeaes win 225 d B0 0 kgm ' (461 and & 14 B/ rospocevely

630 Herlxtentny * June 2010 204 5)



Some problems

Lack of unified plan and strategy
_ess ability of environment control

Heavy soil continuous cropping obstacles, and
diseases and pests

Lower efficiency of production



Diseases and insect pests are the major
limitation for agricultural production

The usual loss for horticultural crops is more than 20% due to
pests, and the improper control may result in loss of 50-60
%, especially no harvest when the heavy situation occurs.

2016-5-3




The improper control for diseases and pests
affect Agrlcultural product quallty safety
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Traditional pathogen monitoring
method
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Traditional pest monitoring method

On site testing Statistic analysis



Lower efficiency of usage on data
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Weather
station data
has not been
well used




Urgent need of Intelligent, automatic tools

Infra red 0T, Cloud computing, big data has
great potential



Trends in Plant Protection Science

Thousands years ago: Experiment
— Field survey
— Express the natural phenomenon

A hundred years before: Theory

— Disease epidemiology and insect ecology .

— Mathematical Model o Wae Wi
Last several decades: Computing .

— ICT application

— Computer simulation Q’
Nowadays: Big Data .a -
— Data-intensive scientific discovery D sig ow

— Global pest forecast and control i



Our goal
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3.1 Monitoring the
pest tetrahedron




Complex system of

P Host phenotyping:
disease pyramid 3 \.’“ - Hyperspectral, High-

A :
lnzf w2 throughput, online
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visible
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from Molecular
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Shiege i Environment monitoring:
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heterogeneous




(1) Pest monitoring equipment
in fruits




Plant pathogen detection
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(2) Monitoring inside and outside
enwronment of the faC|I|t|es

Intggra‘ted' perature and
Humidity

Soil Temperature So midity

NERCITA has developed ten types greenhouse sensors
® Technologies: drift suppressing, nonlinearity compensation

® Advantages: precision, stable, consistent

® Practical use: information acquisition in greenhouse



Soil moisture monitoring

Indicators Functions

Soil info Four channel of soil
temperature, soil moisture
and eight channel for
other sensors.

Weather Air temperature, relative

parameters humidity, wind velocity,
wind direction, solar
radiation, atmosphere,
rainfall, ET

Display LCD touch screen

Communication | GPRS, GSM, WAN

Protocol Standard MODBUS

Data storage |20000 rows

Programming Online programming
Transfer At different interval,
method called by cell phone




BMWeb specific map and short message services
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Time-space distribution of
sreenhouse environment
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Environment monitoring combing remote sensing

and meteorology information
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(3) Host phenotyping:
Hyperspectral, High-
throughput, online

-
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The calibration method for leaft wetness
SENnsors

(Lietat., Transaction of CSAE, 2010Db) Y



The estimation model based on RH
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Crop disease spectrum characteristics and info abstraction

S et

Analysis and process
of image spectrum
information

Spectrum abstraction

Dlsease intensity
modeling



Crop disease monitoring

R ~R N/R N/R

Disease Normal Normal Disease

Disease index= "

More heavy diseases
Heavy diseases

Mid diseases

Slight diseases

No diseases

Good growth

PHI image spectrum based disease index monitoring in different stages



NERCITA has developed five crop information analysis
systems

With machine vision and Hyperspectral technologies, we have
realized non-damage detection for greenhouse crop
nutrition, growth diagnosis, main agricultural parameters.



UAY in application




(4)Portable agricultural record keeping
system




Production record keeping system
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Field image monitoring
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(5) Wireless Sensor Network
application

e Research on characteristics of radio

npropaga’gion through agricultural environment
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(5) Wireless Sensor Network
application

» ZigBee-based wireless sensor network image
transmission technology

2Bytes 2Bytes 8Bytes 1Bytes 1Bytes 0-80Bytes

ZigBeeNetwork ZigBee MAC layer Serial Data payload Data
layer address address number Length payload

O0xFF 0xD8

Image data packet format

Acquire JPEG Image TN
Coordinator node

Image sensor module \ ]
Zigbee

UART l
—) “| Single or
Y multi-hop :
routing

Image data compression Acquire and \ )
and subpackage process JPEG Image

Greenhouse crop conditions

processing =
A8 Te1006 445 72626600004 2492 4000200000001 0069 2704000 10000001 200000 0000000000200 %
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Monitoring platform
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(5) Wireless Sensor Network
application

* H.264 video compression technology

Frame IP Packet UDP RTP Apfl’;‘;‘:“’“
Head Head Head Head

Package format for transmission of video streams

Production server

H.264 video compression module

3G
Camera HI3512 Chip 3G Module i
° - “t > l f
The video records of the The acquisition of video information and Production server for storing
different stages of agricultural Compression of the video information for video video record
products using H.264 algorithm A
\
¢ Internet /;\ 174
>V
7
y
Interframe prediction /
intra prediction - PC Video record

CIF(352X288) of picture

CAVLC/CABAC BIVAS ) F

145:1 of the compression “
Sub-pixel interpolation rate -
Based on Lagrangian bit- 4-5 frame of the The PC to access the server to view
rate control transmission rate the video resume
Deblocking filtering

Compression result

H.264 compression
technology



3.3 Model
establishment



Field experiment
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Claritying the meaning of warning

* These warnings would include disease

occurrence (yes or no) and its probability.

Table 1

Categories and 2 summary of calculation results of the early waming model for

primary infection of cucumber downy mildew in solar greenfiouses (EWMPICDW)
in each day.

N Estimated - Yes Estimated - No
Observed - Yes Hits (X) Misses {Y)
Observed - No False alarms (5) Correct negatives (Z)

2016-5-3 60



Forecastlng the Warnlng situation

bla- B e
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Pathogen Infcction Incubation Discasc appcarance

Fig 3. The primary infection mechanism of cucumber downy mildew.

(Lindenthal et al., 2005)
* |nfection condition early warning sub model

— LWD x TLWD =40 h °C (LWD < 2h,
5°C<TLWD £ 30 °C) (Cohen, 1977)

2016-5-3 61



Forecasting the warning situation

* Incubation period early warning sub model

0025
0.020 |
0015} L\
0010}
0005 |

0.000

0o 5 10 15 20 25 30 %
(Fu and Yao, 1983) mean hourly emperature / °C

contribution rate

Fig. 4. Fitted curve of the mean hourly temperature and contribution rate for incu-
bation of cocumber downy mildew in solar greenhouses.

3 0.0165
x4 = T+ 10389.2 x exp—0.5743  [)

(p=0.0033) _



Validation b
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Model evaluation
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3.4 Decision and
conducting



Early warning system application
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Visual simulating appearance of plant
leaves infected by disease and insect pests
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Potato late blight warning system
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This. kind of sensor-based variable rate sprayer can find -
weeds on-line.in.the field automatically,;so where'is weeds™
whece is spraying:’’
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4. Logistics
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Auto packaging line for agricultural
products

Package, weight,1 D [
barcode

-

Scanning
equipment

> ..—_- Package .
/ W equipment 2D barcode_ge_neratlon
e -l | and printing




Logistics management system




Logistics loading and 3D display

3D leading Prior grade



Temperature dynamic modeling in
cold chain
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Transaction management

* Electronic scale for traceability using barcode

Type Portable Pillar base weigh-bridge
Max scope 30Kg 300Kg 1t or individual size
Division value 10g 20g 0.1kg
Main functions Weighting, location, 2D barcode printing and data wireless transfer
Characteristics RFID identification Multi-form of barcode IPC control and touch screen
printing
Applied scene  High-level agri-product, Cooperatives or whole Cooperatives or whole sale
cooperative with direct package sale market with mid- market with big amount

in field amount




Transaction management

* Transaction management system




Quality traceability-website
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Quality traceability-cell phone

e Support Android, I0S with 1D and 2D barcode
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Quality traceability-touch screen




Government supervision

* Environment evaluation systems for
agricultural production field




Government supervision

* Supervision platform for agricultural product
quality safety




5. Application

* Applied in more than 10 provinces with 254
bases —




Application-typical cases

* Vegetable quality safety management and

traceability in Tianjin : -
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Cooperated with Tianjin
Pollution-Free Agri-Products
(Crop Planting) Management
Center

2012-2015: 30000 ha non-
pollution vegetable bases (total
vegetable area is 90000 ha in
Tianjin, with 70000 ha in
greenhouses, 7.5 billion RMB);
260 million tons, 57% of total
vegetable supply for Tianjin;
Establish the supervision
system from Municipal, county,
town to enterprise;

More than 5 million production
record in the platform, to
support the reduction of 19
million RMB

T EATET T S

08: 37 m S 3 - 237C AR S 1

Applied in Tianjin vegetable traceability for
supermarket



Application-typical cases

e Digital orchard management and DSS in
Shandong province
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Application-typical cases

* The sturgeon caviar processing traceability for
the first class food of lufthansa
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Application-typical cases

* Agri-product traceability for the whole supply
chain of field to community model
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6. Cooperation with Spain




INTRODUCTION of TEAP (PIRSES-GA-
2013-612659)

- A Traceability and Early warning system for supply chain
of Agricultural Product: complementarities between EU and
China” (TEAP)

-Marie Curie Actions —> Mobility

- IRSES - International Research Staff Exchange Scheme

- Objectives of the program:
1 Exchange/sharing of “actual” knowledge
1 Foster collaboration between institutions
1 Analyzing possible collaborations
U Preparing further research projects.

It is a Mobility action!! =  Sharing/Improving actual
knowledge.



1) INTRODUCTION
PARTICIPANTS

\t“am
Sa -

Fastern
Sca

§ I 2
VS V'l _

gf"Almeria NERCITA - Beijiffg Resgarch Cefiter for Informatiop Technology In Agri.
AUA _Lerultyral University of Athens CAU - ChingAgriculifiral Unifersity
UB — University of Bonn SDAU - SWandong Agricultyral University
UNIPI = Unjfersity of Pisa TICC - Tianjin Cli/nate Cenfter
PM - Polytechnic University of Madric TMMCNAP - Tianjin Polllition-Free Agri-Prodycts Management Center
GZNCP -Guangzhou Agricultural Products Quality &Safety Supervisory
Institute




2) OBJECTIVES

Specific — Thematic Objectives

- Share knowledge about four main lines:

1.Good Agricultural Practices and Quality Standards in
application;

2.Alert programs 1n the production and disease
warning models;

3.HACCP software in the logistics;

4. Traceability systems for the supply chain of
agricultural products “seed-to-plate”.



2) OBJECTIVES

General - Final Objectives

- Improve future collaboration between partners:

A.Preparing new research common projects, such as
Horizon 2020 Work Programme

B.Developing thematic networks with the participation
of both sides:

C.Supporting long time expertise exchange.



3) STRUCTURE

- Work Packages:
Work
: : Start End
paecrlf?g Work package title Coordinators month month
Agricultural Products Quality and Safety NERCITA/ _ _
1 Standards in application. AUA+UAL 11-2013 | 09-2014
' ' ' AUA+UNIPI /
5 Thg .optlmum techniques of enwronment, 11-2013 | 07-2014
fertilizer, water management for horticulture |CAU + SDAU
Early detection of pathogens and pests: UB /
3 molecular, serological and conventional 09-2014 | 02-2015
techniques. NERCITA + CAU
: UAL /
4 Integrated Production and alert programs. 09-2015 | 05-2016
TJCC+ GZNCP
' i- UPM+AUA/
5 HA_CC_)P system in the fresh agri-product 02-2015 | 08-2015
logistics for quality safety control. NERCITA
6 |Traceability Systems in EU and China. gﬁXJ’NERC'W 06-2016 | 09-2016
v Common challenges in AP quality. Proposal NERCITA /UAL 09-2016 | 08-2017

of joint research activities




TEAP kick-off meeting, 2013

EAP, Beijing, 2013
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Study on greenhouse environment

modeling and disease warning

* Cooperation and write a paper “Development of Air
Temperature Model for Chinese and Spanish Traditional
Greenhouses ” to |JABE.

* Prof. Xue and Li were invited for Jorge’s thesis defensing
meeting. Ms. Wang Hui has been enrolled as the PhD
candidate of computer major in ARM group of UAL.




Study on cold chain logistics

* Cooperated with Prof. Luis Ruiz Garcia, Departamento de
Ingenieria Agroforestal, UPM, and write two papers:

« 1) Artificial Neural Networks and thermal image for
temperature prediction in apples. Food and Bioprocess
Technology

e 2) CFD simulation of airflow and heat transfer during forced-
air precooling of individual apples. International Journal of
Refrigeration

101



Study on agri-product supply chain

* Cooperated with Fernando Bienvenido of
UAL, Cynthia Giagnhocavo from

Coexphal/UAL, Pedro Hoyos Echevarria of
Y




Some Visits
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The HiStO ry Of International Cooperation Research Center for
Agricultural Aviation with UDSA ARS
NERCITA

Beijing Research Center for Internet of Things in Agriculture

012

National Engineering Research Center of Intelligent
Equipment for Agriculture (NERCIEA) fl 009

27 Beijing Research Center for Agri-food
Testing and Farmland Monitoring
research

Key Laboratory for Information Technology in
platform Agriculture ( The Ministry of Agriculture of China) 002

National Engineering Research Center for Information
Technology in Agriculture (NERCIITA) 2001

Research Center for Information Technology in , @ '\Q
Agriculture (863 Project) N

(O,
Beijing Research Center for ¢ Q\
Information Technology in Agriculture . A
Laboratory for Information Technology in QQ
Agriculture (Crop Research Institute)



® Departments

15 Research Dept. and 6 Administration Dept.:

Software Engineering ®Intelligent Equipment
Information Engineering ® Agricultural Automation

Cartoon and Animation ®Precision Agriculture ¢ Administration Division
®Biological Equipment @ Program and finance Division

¥ Sci-Tech Management Division
¥ International Cooperation Division
¥ Achievement Transfer

Design
Intelligent System ®Strategy Research
Environment Resources @®Digital Farming

Remote Sensing (RS) ®Intelligent Testing
Logistic Information ® Agricultural Aviation @ Experimental Station

® One enterprise: Beijing Paid Weiye Science and Technology Co.

Itd
®0One base: Xiaotangshan National Precision Agriculture

Research and Demonstration Base
®0One Academic Society: Beijing Society of Agricultural
Informatization



®Development Strategies

Sustainable
Technological Innovation According to Demand Development
) © 0 0 0000000000000 0006000000 00 000000006060 OCGOCGFS 00000 0 0 ¢

B Technological Innovation — Hi-Tech ‘ Tecllnnologifal
nnovation
B Platform Construction Participate
Fit Market
B Products development  —{Easeof Use Comptition

Resources Integrations Advantage Development

National Demand Technological Demonstration Industrial




Human Resources

® Research Team: 408 in total, 119 regular staff, 161 employed by
enterprise, 128 Master and Doctor students with Post-doctor

® Titles: 16 investigators , 26 associate investigators, 5 senior engineers;
80% with Master and Doctor degree, 100 Doctors

® Team: MH/f

EXRET LN, REAHAA RAHH
A 1N, dEEETASA; dbEERFA2A,

[ S13\; 863FF1IAN; T A

RN B & BRENE3 A
A LN, JERBELZWMEAN

CRHTE2S A, dLEILE4

AN, dEEMBAF 22N, REREFEES 14 N

® Major: Computer/Electronics/Automation/Mechanical
equipment:40%, Agriculture: 30%, researchers combined with computer
and agricultural sciences: 30%



Status

® Planning and design of ICT in agriculture for
Ministry of Agriculture, Ministry of Science and
Technology, Ministry of Industry and
Information

® Team leader organization for agricultural
application of national standard working group
for internet of things

® National consulting expert for rural
informatilization

® National high-tech program expert



®Research achievement and effects

®More than 80 Invention patents, 137
practical models patents; more than
600 software registrations80;

®Published more than 1203 papers
indexed by SCI/EI

@22 S&T awards with more than
provincial level, with 3 national
awards

®Extension to 30 provinces with
economic benefit of 1 billion vuan




B | O O O R S| A O S Gl I

iiE:B e B

LR RS SRl S L N L LA R LRl
EAROADS (e

AR LAARIARSAAENE B IRTARARMLRAN YIRS
FAERIBR LBV~

BEEeE 06006

At uC il Ak @ 3 ™ 6 At 50l ok @ 3% ™ 6

ﬁJB ﬁE15

B LARNNERTRALHE W FASARRENARRY ' LABE R LS RL S S LR AL D IAS RS LT LA S
TRIASAET -



®3 national and 1 international awards
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Infrastructure




Xiaotangshan base: window
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®National Experimental Station for Precision Agriculture
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16 Greenhouses

Farm Machine

Warehouse with
1130M? ’




Further work

1) Cooperation in the model and system in
different area of ICT in agriculture.

2) Supply chain management of agri-products
3) Apply the research in the practices.
4) Future research project.








