AMA 50t Anniversary Special Edition:

SDGs and Agricultural Mechanization
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For Earth, For Life
KUBOTA Corporation Kiyhotq
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Beyond 130

Since 1890, Kubota has been in business in the areas of Food,

Water, and the Environment. With 130 years of our spirits and
footsteps, we continue to go forward for a brighter future

for the Earth and humanity.

For Earth, For Life
KUBOTA Corporation Kiyhotq
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AC ihg Implement Manufact

its establishment in 1902, Matsuyama has devoted every effort to the de:
nology to design the machines fertilizing the soil. !
atsuyama provides wide range of products from tiller to potato harvester and
Viatsuyama is the leading implement manufacturer in Japan.
Customer’s viewpoint, safety, long lifetime, and ease of use : those are what Mats
seeking since its establishment.

P

| Ro}gry #

J\ "
\'.‘ - 3 ;

7 NINGHARROV F
st MM -

~

Nipld' Wing Harrow

paddy harrow

F O r th e h um an We produce useful functions for the human
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|
Future of the Earth with Nature

Niplo Sarf Rotary Niplo Broadcaster Niplo Slide Mower
rotary tiller

MATSUYAMA PLOW MFG. Co., LTD.

Head Office & Factory : 5155, Shiokawa, Ueda-shi, Nagano-ken, 386-0497, Japan
Telephone : +81-268-42-7504 Fax : +81-268-42-7528 https://www.niplo.co.jp
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MAMETORA DEDICATES

TO AGRICULTURE
ALL OVER THE WORLD

RETURN-CULTI
CULTI SERIES ) MRC SERIES
MPC6XSB1 € . ( MRCM4B1

HAMMER
KNIFE MOWER TILLER
MH810KC HMD-VB

CRAWLER CART VEGETABLE
sc42X TRANSPLANTER
TP4B1
ﬂ :.5'1_
$ r'\ K ‘\

74
“ \ RIDING TYPE
LEEK CULTIVATOR SERIES D LEEK CULTIVATOR SERIES
MRV4HB1C MSR-1150N13B

MAMETORA AGRIC. MACHINERY CO., LTD.
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ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

It is the motto of MAMETORA that we manufacture goods in order to
meet customers’ benefits with originality, trust and heart.

In addition to the head office in Okegawa, Kisakata Factory has been
established. Now that we have formed much steadier basis as a
comprehensive manufacturer. We are always making efforts to
manufacture goods of high quality and are pleased to devote ourselves to
the food industry in the world as well as that in Japan.

Full face slope alert

MAME
ALERT

MAT-15 (15° and over) / MAT-2 (20° and over)

® Prevents your machine from
toppling over

® Keeps the surface of gasoline
engine oil level

155208y , Warns about an abrupt steering

HEAD OFFICE : 2-9-37, NISHI, OKEGAWA-SHI, SAITAMA-KEN 363-0017 JAPAN
TEL: +81-48-771-1181 FAX: +81-48-771-1529  URL: http://www.mametora.co.jp  E-mail: info@mametora.co.jp

y,
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Professionals use grain dryers
designed for produce quallty grain.
Kaneko products-the Iow temperature to
provide even and speedy drying, produce
high quality grain,bring you the highest
profit and income.

RICE HULLER <t x 15
Power : 1,320~1,920kg/h -~

GRAIN DRYER )
Size : 10,000~30,000kg LOADING CHAIN CONVEYOR
(Paddy Rice) Power : 10~50t/h
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@ KANEKO AGRICULTURAL MACHINERY CO.,LTD.

Head Office:516-10,Komatsudai 1-choume,Hanyu, Saitama 348-8503 Japan
TEL: +81-48-561-2111 FAX: +81-48-563-1577

URL https://www.kanekokk.co.jp/ E-mail info@kanekokk.co.jp

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA




‘lﬂ”ﬂﬂllﬂ TECHNOLOGY to WORLDWIDE JOBSITE
HST SYSTEM nno RUBBER CRAWLER

MOROOKA developed Rubber Crawler about 40 years ago with joint development with
Bridgestone. Rubber Crawler provides high performance even on irregular ground, stable
moving on the sloping ground or snowy land.

Team MOROOKA Helps You!! Hereis Experts in Each Field !! 

Best Buddy in Muddy Fields i Powerful and Invinsible Hero
Tough and stable Rubber Crawler Forklift @M Carrier Dump for a large amount

B For fertilizer AL : ;‘For“:‘ugar'can :
‘transportation _ _a== transportatlon

® Seamless and durable rubber crawler assures high performance
movement with low ground pressure.

® Simple and compact design allows easy operation for everybody.

® Ship structure underbody and rotary bogie system absorb the impact and
allow the stable movement.

® Rubber crawler is used as base body of wide range of industrial machines.

® Rubber crawler and HST (hydrostatic transmission) system enables easy
control for smooth & stable movement and huge driving power.

For agriculture and multipurpose

MOBILE
ROTARY SCREEN FORWARDER WOOD CRUSHER FORKLIFT SHOVEL LOADER CARRIER
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Hi, Mr. .
President.| /Morooka's

ESG:SDGS|

NN
| |'” Morcoka is

Hey,
everyone.

/' What are you
putting
on a wall?

@G—T‘Ve I'm
putting

%g&@ @g this one.
b e

et
\lﬁ sg&sqw

Environmental /
social activities
that Morooka is
working on

at the moment.

77

SOl
..&"tﬁm!:!tw a4

| mentioned
them in my
New Year's
greeting

message.

_1@"*

.

/7/45/ 7// I This ESG consists
/ B of three factors,
Comprehenswe which cmanies
Initiatives list might be must be concerned
easier for you ahout‘for their A
Environment to understand! sustainable management

* Acquired 15014001 In 2012 and Implemented a company- and growth.

wide environmental management

® Promoting the use of rencwable energy by solar power And SDGs are
generation 1 -
® Contribute to the preservation of the global environment Morooka's f;o?g:‘i :m"
e e
and -:; recycl olwasi?wood S c"'.“".'t. achieved by 2030.
el i activities
E § are listed Ty e
fonc:o:mmgmmmamMrmmmnmmnmmm e into the three "sustainable
g such as 9 g hours and @‘ D ESG factors. deve'opment
[ s 2L which also

S ® To promote the health of our employees, we have declared

ourselves as a health and p ShO‘h‘s the

and aim to be ified as an {lent Health and app | i Cab | e
Management Corporation”. 5
® The occupational safety commission regularty SDGs items.
G annual plans, patrols, i etc., and
Governance
® Active efforts to g g the
establishment of the risk management and compliance

P of and senlor executives
e Establish an “Internal Audit Office™ to promote internal

LI RN

In detail Click here » rs@“‘""El
OF 5

7= MOROOKA Co., Ltd.
‘ ) n””””” 358, Shoubeeshindenmachi, Ryugasaki city, Ibaraki Prefecture, 301-0031, Japan URL : www.morooka.co.jp (Japanese)
g TEL:+81-297-66-2111 FAX:+81-297-66-3110 E-mail : info@morooka.co.jp www.morooka.com (English)
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All for the Future

Japanese Quality and Expertise in the Industry’

@MAEUYAMA MFG. CO.,, INC.

Www.maruyama.co.jp
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@ MARLUYAMA

As the population is increasing, Maruyama has provided optimal machinery for increasing
crop production efficiently in a limited spaces. Making great social contributions around the world.

We in MARUYAMA has firmly determined to work closely together with the agricultural community.

As arable land becomes increasingly limited, we at Maruyama have created the perfect tools
for increased production of high-quality food.

We are confident that you will be genuinely satisfied with Maruyama products.
“MARUYAMA” produces everything to do with SPRAYERS and DUSTERS.
Products Include

« Tractor Mount Sprayers * Trailer Sprayers * Power SPrayers * Mist Dusters
» Hand Sprayers « Brush Cutters * Agricultural Drones

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 13



ARIMITSY

* No heating-up of the chemical and make the spraying with cold fogger.
» Ultra fine spray particles of less than 2.5 microns makes less harmful effect.
* No suffering from Agricultural Chemicals due to the

Unmanned Prevention System.

Arimitsu Products

AUTO RUNNING PRESSURE WASHERS POWER SPRAYERS PORTABLE POWER SPRAYERS KNAPSACK POWER SPRAYERS

PEST CONTROLLERS

4 ARIMITSU INDUSTRY CO., LTD.

Address 3-7,1-Chome Fukaekita,Higashinari-ku, Osaka 537-0001,Japan.
TEL: 81-6-6973-2030 FAX:81-6-6976-1031
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xf; Open up a fruitful tomorrow c°'16';65v§_k6"<1'\l\5!
~ SUZUTEC 0.
f ANNIVERSAtR’Y1

High density support for Paddy Rice

aﬁ@ NUrseny,

— High Precision Sowing and Compact Design —

From a low density seeding
to a high density seeding

Full Automatic Nursery Seeder THK2009B

Avility AL

SRR 90~400 g/ box ]
B 9

Dry Paddy : 80g
- (sprouting paddy 1009)

‘ Scattering soil » Watering » Seeding » Covering soil ‘ fiatering and seeding can be recantBi]

Automatic Nursery Seeder HK509BM

Ab I I Ity sgﬁg)box?s(/)tgur

BEEIENTS 90~385 g/box |

i ; 4 : - y: . : :
Y/ (Scat;‘eﬂnﬂ,?'l) ’ Waterlng > Seedlng > Coverlng 50|I - a g = i B \

44-3 Hiraidekogyodanchi,Utsunomiya-shi, Tochigi-ken 321-0905 Japan s
S UZUTE( CO., I-Ild TEL: +81-28-664-1111 FAX: +81-28-662-5592 www.suzutec.co.jp
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Easy, qu:ck and accuréte

=

mo:sture meaSurement

Japane.;se standard - A ¢ o P-Japanese standard

Moisture / B ¥, By Moisture

Rice and Grain Moisturé Testér. » “ : » #GraimiMoisture Tester
Riceter'fg seriess L S8 "8 PM-650 series

P
& 4

Japanese standard under development

Quality of rice polishing Composition Quality of rice appearance
Rice Whiteness lester NIR Rice Composition'Analyzer P Rice Inspector
C-600 ¢ AN-920 ~_ RN-700

We‘ve been researching & developing Moisture testers since 1946.

KETT ELECTRIC LABORATORY

1-8-1 Minami-Magome Ota-ku Tokyo, JAPAN @ https://www.kett.co.jp/
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DELICA

Agricultural Machinery

Auto-mobil

MANURE
SPREADER
SMteKﬁgu RE .-
SPREADER

4 r
-...'I
ety

b VEGETABLE
TRANSPLANTER

DELICA CO.,LTD.

5511-11 Wada, Matsumoto, Nagano 390-1242, Japan

http://www.delica-kk.co.jp/en/
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SHORAGRL

propucts sy @-HOE

Co.,Ltd.

3-point hitch M

S3 Cultivator

rake (wire)

ON rake

S3 Cultivator DX 3 row S3 Cultivator 3 row

S3 cult series, which is small but full of various mounting methods and functions.

+ Because it is a towed weeding machine, the work speed can be as high as 2 to 10 km (1 mph - 6 mph)
-A rake (wire) for weeding between strips is attached, and weeds are pulled out and killed.

-At the end is an ON rake (rake).

+ Adaptive field force: 5 to 38ps

+ Correspondence between strips : 45 to 80cm

WEB SITE: y-hoe.com/  Twitter ID : @QHOE_Official
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OTAKE

..OPENE‘R

b
Here comes

ering !
.

'FURROW

! | .. i;..._‘!
Wlthlt esteerlg

system, you caniturn

‘NORUTAN EVO
while fldlng it!

1.5m

The minimum
turning radius

The video is here !

ol

[=]iLx:

For favorable growth of paddy rice

mivi cuet NORUTAN EVO

\ AT
MINI CUL Tl
7N

edin

exdusive attachment
corresponds arficle 5 & 7

Initial & Essential Operation
for Inter tillage / Weeding

Shaking Sorter

super. Ltechmque"

Lﬂ.“ry,hmpera‘uveT

S CAINND

Y

RiceJhullingfmachine
PM500NE

Rice hulling and
Rice polishing
AVAILABLE!

Stone Remover (s303P)
Installation example

[ hopper | —— ’—-1 i

height 540 mm

| paddy stand | / :

height 300 mm

OTAKE AGRICULTURAL MACHINERY CO., LTD. www.otake-ss.co.jp

[Head Office/Factory] 265 Gonaka, Nakajima, Oharu-cho, Amagun, Aichi-ken, 490-1145 JAPAN  TEL: +81-52-444-2525 FAX: +81-52-443-0348
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MEASURING INSTRUMENT

Grain Moisture Meter
Model . CD-6E

|0-MASS 601
RAIN DRYING
\STEM

Grain Dryer:HSD-330HS X 2

4-1 Yamana-cho, Fukuroi-shi, Shizuoka-ken 437-8601 Japan
e ey o Phone:+81-538-23-3990 Fax:+81-538-23-3192
S“wha Selhl co.,Ltd. URL:https://www.shizuoka-seiki.co.jp/english/

E-mail:international @shizuokaseiki.com
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(= CHIKUSHIGO

We specialize in Post-harvest vegetable and fruit handling Agricultural Machinery

Radish Carrot
washing machine washing machine washing machine

Taro hair cutting Sweet potato Sweet potato
and removing machine washing machine washing machine

We have the various types of machines.

—_— S

Sweet potato Pumpkin
washing machine washing machine polishing machine

mini tomato tomato
polishing machine size sorting machine weight sorting machine

Watermelon

CHIKUSHIGO CORPORATION 29-3ino,Umi-machi ino,Kasuya-gun,

. ) . Fukuoka-ken,811-2104 JAPAN
http://www.chikushigo.co.jp TEL:+81-92-932-1662 FAX:+81-92-933-5787
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Pot system suitable for

Organic rice crop

POT448 Rice transplanter

<POT SYSTEM>

® Designed to use special nursery tray with 448 pots

@ Seeding 2-3 rice seeds per pot

® Prepared seedlings for transplanting with more than
4.5 leaves each and 15 cm height are disease resistant and
easy for flooding cultivation

@ 33 cm row spacing assures wide space planting

@ Maximum operating speed of weeder is about 1.2 m/s.
Inter row space is weeded by forced rotor and inter plants is
weeded by forced vibrating tooth

Weeding machine

<Full size>

MINORU INDUSTRIES CO., LTD.
Head Office & Factory : 447,shimoichi,Akaiwa,Okayama,709-0892,Japan
URL http:/ www.minoru-sangyo.co.jp
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Thinking ahead about tomorrow's farming.

KAWABE)

KAWABE is special

machinery pioneer.
Self-propelled trencher NF-843

An essential machine for fields,
plastic greenhouse
and orchards.

Trencher with a tractor
Rotary and Chain ladder type.

RL-822 TT-622 TL-804

Contact Us

re than 60 years, Pioneer for special farm supply 574-4 Yanokuchi, Inagi-shi, Tokyo 206-0812 Japan

Kawabe NOken Sangyo K K +81-42-377-5021  http://www.kawabenoken.co.jp/en/ EI ik
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SUKIGARA ‘S

ABLE

No-Tillage

_ Ground
¥ Shaped Cover

Paddy Seeder (Somitigh ide)

PHM-A-14

e Attached to rotary to form ridge & lay ground
cover easily in both dry and rice fields.

SUPER ABLE
Ground
Cover
________________________________ Layer
. ) (Semi-High Ridge)
Forming V shaped PH.R143M
furrow for seeding | ------ s
and fertilization. e Ridger & Ground Cover Layer suitable for change

S of crops/second vegetable transplanting.

SUPER Trapezo1d SUPER Ground Cover

Ridger Layer for .
- : JR-913M
...................... Small Ridge *
eFasily = Re SN NERE (oot e T
attached/detached, e Easily adjusted,
suitable for simple,compact

forming vegetable
cropping ridge,
easy operation.

and high-performance
ridger and ground
cover layer.

Simple Ground ABLE Reducing work

TN load by rational
Cover Potato S Speration
Layer k

PH-T313

‘ ® Planting,
ridging and ground
cover laying in

one operation.

_ TAP-113M

®Flat ridge easily
covered utilizing
automatic deep

tillage of rotary. SFM231

SUKIGARA AGRICULTURAL MACHINERY CO.,LTD. www.sukigara.co.jp

38 Sairinji, Yahagi-cho, Okazaki-shi Aichi-ken, 444-0943 Japan  TEL. +81-564-31-2107 FAX. +81-564-33-1171

24 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 2020 VOL.51 NO.4



ASABA Sprayers helping you

towards an abundant harvest

KNAPSACK
BATTERY SPRAYER  POWER SPRAYER
(rechargeahle type) WITH ENGINE
BP-15Li-DX EP-220D ﬁ

Tank capalcj:fity: 20L

Weight : 8.7kg

Maxiumum Pressure: 2.5MPa
Suction yolume: 7.0L

Tank capacity: 15L ,}
‘Weight : 3.9kg

Maxiumum Pressure: 0.4MPa
Total flow: 72~288L

Time of use: 60~240min Engin7Two-stroke
/.
ey rame O
et
am
| =°

Flow(2.0MPa) : 6.4 ~ 8.8L/min
Distance : 9.0m
Length : 880mm / Weight : 550g

SUPER JET NOZZLE Type 1

HERBICIDE APPLICATOR
FOR FURROW

Tank capacity: 20L

Weight : 16kg

Maxiumum Pressure: 2.5MPa
Suction volume: 7L/min
Engine: Two-stroke

width of Spray(uncover): 1200mm

POWER SPRAYER
WITH ENGINE

GOLD AP-1
NOZZLE

Flow(2.0MPa) : 4.6 ~ 13.2L
Distance : 11.0m

Length : 120x150mm
Weight : 450g

NS-283GB

Weight: 28.6kg

Maxiumum pressure: 3.5Mpa
Suction volume: 25L/min
Engine: Four-stroke

5> ASABA MANUFACTURING,INC.

Head office: 1443-2 Kitanagaike,Nagano-City,Nagano, Japan
Phone: +81-26-244-1317 Fax: +81-26-241-3207
URL: https://www.asaba-mfg.com/

width of Spray(cover): 300~800mm

We Manufacture

U “iq U € Nylon cord

« Bamboo mix
- Shel mix ;
- Walnut mix etc.

Genuine Japanese Nylon Cord

Made of Japanese Material,
made by Japanese Technology
& made in Japan

CAL ENTERPRISE CO.,LTD.

1289-1 Yamabe, Tateshina-machi,Kitasaku-gun,
Nagano-Pref.,Japan(post code 384-2307)

TEL +81-267-2691 FAX +81-267-56-2696

E-Mail: info@calenter.cojp  URL: http://www.calenter.co.jp
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We provide a series of machines
from nursery cabinet to conveyor
and try to help farmers for more
efficient farm work.

@ :

e For conveying rough
rice from field

Fit for compact tractors

With optional caster and
rough rice conveyance
hose, you can easily set
it up and take out rough
rice in a short time

1500-4900 L

(GK11-BG)

For favorable growing of
seedlings

Keeping a fixed temperature
in the range of 5C to 40T

¢ Easily assembled and
installed

(NK-240)

TIGER,

IT=
Kswasrmima

Food washing machine

..o.
aster

AQUA*WASH
AQUA WASH Master ~ TWS-1300AB

The foodstuffs are washed gently
and securely with the power of
[water stream] + [foam]

9 6 foreign substances Tomato
%" removal rate

*Result of a test conducted by our company.

D

Lettuce

¢

Ishii Factory Co., Ltd. ER[E

4-1-13 Kyoden, Sakata-shi, Yamagata-ken 998-0102, JAPAN
TEL: +81-234-28-8239 FAX: +81-234-28-8256 E
URL: https://isi-mfg.com/ E-mail: isi-support@isi-mfg.com

Broccol i
[
Conveyor equipped
For mass processing 2
Specifications
Pineapple

Estimated At Three-phase 200V
thrloughput 200~800 kg/h capaclity 2,7kwp otcer

TIGER KAWASHIMA Co.,Ltd.

2876 Momiya,ltakura-machi,Oura-gun,Gunma,374-0134,JAPAN
URL: https://www.tiger-k.co.jp/global/  TEL: +81-276-55-3001

5 pag™
aNe
N. J‘E&f.'

-3WD- .([l: -Automatically-
Available in bumpy fields Mowing and Charging

Mowing Hight: 30~70mm Mowing Capacity: 3,000m Mowing/Charging: 1 hr/i1hr LxWxH : 845x520x360mm

XA smartphone (tablet) is required to operate this product. XA field survey and installation work by a technician is required for use.

Solar power plant :

. | 6cation::Orchardilapan

-for Weeds-
E -Motor Drive-

Silent but Powerful

WADO Co., Ltd.

https://www.wadosng.jp/
Email:wado@wadosng.jp

YouTube &

Click here for the video» &L
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EDITORIAL

AMA is finally celebrating its 50" anniversary. When | was 28 years old, 80% of the
world population were farmers in developing countries and the economic gap between
farmers and the city people was so huge. If the economic gap widens on the narrowing
planet, stress will increase and it will be difficult to realize a peaceful world. We thought of
ways to better communication with experts in developed countries and experts in develop-
ing countries by working together to promote appropriate agricultural mechanization for
farmers in developing counties. AMA which connects those experts around the world for
agricultural mechanization and was born in this way.

The first issue was published in spring of 1971. The first title was Agricultural Mechani-
zation in South-east Asia. | printed 10,000 copies and distributed them around the world,
I received many letters, especially from the Asian region. They said that we have the same
problem and the contents, they wanted me to make this journal including the whole area of
Asia. Therefore, | published AMA in the next year with the new title of ‘Agricultural Mech-
anization in Asia’ (AMA).

Ten years later, in 1981, a professor who was a cooperating-editor, Dr. Moens of Univ. of
Wageningen asked me to change the title from AMA to AMW because AMA is widely read
by experts in Africa, Latin America as well as Asian countries. He claimed that the title
Asia was strange. However, since the title of the AMA is familiar for ten years to everyone,
I didn’t want to change this title ‘AMA’ and | decided ‘A’ , meant 3 continents as for African
continent, Asian continent, Latin American continent.

It has past been 50 years, and when | started AMA in 1971, | couldn’t have expected that
the AMA journal would last for 50 years. But with the great help of experts from all over
the world, especially with the great help from cooperating editors, AMA grew up bril-
liantly. AMA could get ‘Impact Factor’ of Thomson Reuters 8 years ago. | think AMA was
evaluated internationally as excellent journal. There are many cooperating editors who
already passed away. In total, 153 experts have cooperated for AMA in 50 years. | deeply
appreciate for their kind and valuable cooperation for AMA.

Agricultural Mechanization in the world is trying to renew that aspect. Advances in Al
and computers will bring agricultural machinery new wise brain. There were demands for
appropriate technology for farmers in developing countries, but what exactly is appropri-
ate technology in new age of mechanization? It changes with the times. In the near future,
farmers in developing countries will probably use simple agricultural machine robots. Let’s
promote new agricultural mechanization for the world’s agricultural production in a new
era under changing climate condition. I’ll deeply appreciate for your cooperation for AMA
in the future.

Yoshisuke Kishida
Chief Editor
November, 2020
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SDGs of Agricultural Machinery Industry in Japan

Introduction

First of all, I sincerely congratu-
late AMA on its 50th anniversary.
I would like to pay tribute to Mr.
Yoshisuke Kishida’s great contribu-
tion, through which AMA, as an in-
ternational magazine on agricultural
mechanization, has continuously
been publish for 50 years.

“SDGs and agricultural mechani-
zation of the world” is a very timely
issue.

Agricultural machinery manu-
facturers are keenly aware of the
importance of SDGs and making
efforts to associate their activities
with the SDGs in accordance with
their respective situations.

Regarding SDGs in agriculture
and agricultural machinery sector,
I will give an overview of the gov-
ernment’s efforts at first, and then
the private sector’s efforts including
KUBOTA Initiatives hoping that
useful information is conveyed to
readers.

Government Policy

In December 2019, the Japanese
government revised “SDGs Imple-
mentation Guiding Principles”,
which is a mid-to-long term national
strategy for implementing the 2030
Agenda and achieving the SDGs in
Japan and internationally by 2030.
The principle set the following eight
priority areas for efforts toward the

by
Masatoshi Kimata

President of Japan Agricultural Machinery
Manufacturers Association

(Chairman and Representative Director of KUBOTA

Corporation)
JAPAN

establishment of Japan’s “SDGs
Model” (Table 1).

Specific measures and their bud-
gets to promote each priority areas
are visualized in the SDGs Action
Plan formulated by the Promotion
Headquarters. The latest version,
which is “SDGs Action Plan 2020,
illustrates three main pillars, i.e.,
“Business and Innovation,” “Re-
gional Revitalization,” and “Em-
powerment of the Next Generations
and Women”, in order to accelerate
the establishment of Japan’s “SDGs
Model”.

Smart agriculture, which is deeply
relevant to the agricultural machin-
ery industry, is included in the first
pillar, “Business and Innovation”.
Stable food supply, sustainable ag-
riculture and rural development are
not implicitly shown in the pillars,
but described as important compo-
nents in the related priority areas.

The agricultural machinery indus-
try fully supports such government
policies on SDGs. | am convinced
that experience and knowledge
accumulated in the industry will
continue to contribute to achieving
the SDGs in Japan, as well as in the
world, through solving various is-
sues in the agricultural sector.

Initiatives by Private Sec-
tors

Charter of Corporate Behavior by
Keidanren

Keidanren (Japan Business Feder-
ation) revised its Charter of Corpo-
rate Behavior in 2017 (the original
version was published in 1991), in
which the principles of the respon-
sible behavior by corporations are
laid down, with the primary aim of
proactively delivering on the SDGs

Table 1 Eight priority areas in the “SDGs Implementation Guiding Principles”

(People)
tive role
(Prosperity)
technology and innovation

(Planet)

(Peace)

(Partnership)

1 Realization of gender equality and a society where every person can play an ac-

2 Achievement of good health and longevity

3 Creating growth markets, revitalization of rural areas, and promoting science &

4 Sustainable and resilient land use, promoting quality infrastructure

5 Energy conservation and renewable energy, disaster risk reduction and climate
change countermeasures, sound material-cycle society

6 Conservation of biodiversity, forests, and oceans, and other environments

7 Achieving peaceful, safe and secure societies

8 Strengthening the means and frameworks for the implementation of the SDGs
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through the realization of “Society Table 2 Ten principles in the “Charter of Corporate Behavior”

5.0” in 2017.

“Society 5.0”, which was advo-
cated by the Cabinet Office in 2016,
means the fifth and newest society
in the history of human social devel-
opment, following on from the hunt-
er-gatherer society, agrarian society,
industrial society, and information
society. The creation of such a so-
ciety is in line with the SDGs, as

- Sustainable economic growth and the resolution of social issues

- Fair business practices

- Fair disclosure of information and constructive dialogue with stakeholders
- Respect for human rights

- Relationships of trust with consumers and customers

- Reform of work practices and enhancement of workplace environments

- Engagement in environmental issues

- Involvement in community and contribution to its development

- Thorough crisis management

- Role of top management and implementation of this Charter

shown in the subtitle of the Charter.
“For the Realization of a Sustain-
able Society”: Member corporations
are expected to fulfill their social
responsibility with a strong sense
of ethical values, by acting accord-
ing to the following ten principles
(Table 2).

The Charter explicitly requires
member corporations to act towards
the achievement of the SDGs. The

role of a corporation is to realize a
sustainable society on the basis of
fair and free competition. Members
of the agricultural machinery indus-
try will fulfill their social responsi-
bility in cooperation with members
of the other industries.

JAMMA Activities
Japan Agricultural Machinery
Manufacturers Association (JAM-

MA) is the nationwide organization
of agricultural machinery manufac-
turers in Japan, founded with the
aim of contributing to the sound
development and progress of agri-
cultural machinery industry as well
as the growth of national economy.
The scope of JAMMA’s works ex-
tends to a wide range of issues, such
as the development of safety tech-
nology, matters on the environment

Table 3 Social issues to be addressed by Kubota Group

Areas

Situations

Expectations

Food

- The world production of major crops in FY2027 is
expected to increase by 12.2% compared to FY2017

- The world harvest area of major crops in 2027 will be
expected to be almost the same level as the average of
those in 2014-2016 (700 million ha)

- The world population in 2027 is estimated to increase
by 10.4% compared to 2017

- The net increase in the world population from 2017 to
2027 will occur in the urban population, and not in the
rural population

Based on the projection of the farm population and the
crop harvest area, the crop yield growth is needed for
the increase of the production. The mechanization of
agriculture, including the installation of smart agriculture
will be essential for enhancing the productivity.

Water

In developing countries, as of 2015,

- 2.1 billion people lack access to “safely managed”
water

- 840 million people have still not received the basic
water supply

- 4.5 billion people have no access to “safely managed”
sanitary facilities

Development of safe water, sewage and sanitary facilities
is expected.

In Japan, the deterioration of water/sewerage pipelines
and facilities, and securing enough manpower and
handing down expertise and skills in the aging society
are the big issues.

Efficient operation of water supply and sewerage
undertakings are expected.

Environment

- The ratio of the urban population to the total world
population is estimated to rise from 55% in 2017 to 60%
in 2030.

- The number of cities with a population of 10 million or
more (megacities) will increase from 33 in 2018 to 43 in
2030.

In accordance with the progress of urbanization, further
development of social infrastructure is expected.

- The frequencies of rainstorms, flooding’s, water
shortages, etc., which is said to be related to the global
warming seem to increase. The risks of natural disasters,
such as typhoons, earthquakes and tsunamis, etc., also
seem to increase.

The disaster prevention and preparation as well as the
prompt restoration measures after disasters are expected.

32
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regulation, standardizations related
to agricultural machinery, export
promotion, etc.

Agricultural machinery is indis-
pensable for farmers, and contrib-
utes to increase the productivity of
food production which is related to
the Goal of the SDGs. In addition, |
recognize that standardization, ex-
haust gas regulation compliance and
smart agriculture are also positioned
in the SDGs. JAMMA will continue
to actively promote these activities.

DECENT WORK AND
ECONDMIC GROWTH

13 foor

KUBOTA Initiatives

to achieving SDGs in
the areas of food, water,
and the environment,
which are indispensable
for human beings. The
Kubota Group continues
to support the future of
the earth and human so-
ciety through providing
its products, technolo-
gies and services (Fig.
1, Table 3, Table 4).

Kubota Aims for Smart

Fig. 1 KUBOTA Global Loop

Food

Contributing to the abundant
and stable production of food
by streamilining of agricutture.

Environment

Contributing to create and
preserve a comfortable living

Agriculture

By promptly intro-
ducing ICT (informa-
tion and communication
technology) and robotic technology
in agriculture, Kubota will realize
smart agriculture that reduces labor
and increases precision, contribut-
ing to the abundant and stable pro-

by
social infrastructures.

Kubota Smart Agri System (KSAS)

KSAS is a farm management
information system, consisting of
two parts, i.e., “Farming support
system” and “Machinery service

The Kubota Group is committed

duction of food.

Table 4 Contributions to SDGs by KUBOTA GROUP

system”. “Farming support system

Approach to creating value Main related )
Areas (Approach to promoting SDGs) SDGs The Kubota Group’s SDGs KPI
IR0
2 i - Contribution to the food production through
144§ further spreading agricultural machineries
Food Contribute to the abundant and stable production .
of food by the streamlining of agriculture. - Promotion of smart agriculture utilizing loT and
robot technologies (KUBOTA Smart Agri System
(KSAS))

- Contribution to the development of sustainable
water-related infrastructure, through providing
products, technologies and services, related to
water and sewage, as well as water treatment

Contrib h v and . £ reliabl facilities
Water ontribute to the supply and restoration of reliable

water by enhancing water infrastructures.

GOOD HEALTH
ANDWELL-BEING

e

- Contribution to the efficient operation of
water-related facilities, through utilizing loT
technologies, as well as combining expertise on the
water-related products and the expertise on water
treatment technology, mapping/design technology
and construction.

Environment

Contribute to creating and preserving a comfortable
living environment by enhancing social infra-
structures.

o

- Contribution to the development of environment
friendly and sustainable urban infrastructures

- Contribution to the development of sustainable
and resilient urban infrastructures that are robust
against disasters
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collects and stores a variety of ag-
ricultural data through automated
agricultural machinery with loT
device and field/remote sensing sys-
tem etc. Based on the analysis of the
collected data, farmers can improve
farming practices and increase
profitability. With “Machinery ser-
vice system”, farmers can receive a
timely maintenance service. KSAS
enables efficient farm operations,
relying not on experience and intu-
ition, but on data (Fig. 2).

Kubota Agricultural Machinery
with GPS

Using GPS (global positioning
system), Kubota has developed
an autonomous tractor and rice
transplanter capable of performing
unmanned automatic operations
under manned monitoring, as well
as combine harvester that carries
a human operator while perform-
ing autonomous operations, and a
rice transplanter able to self-steer to
keep a straight line of travel (Fig.
3).

Final Comments

The private sector is being called
on to exercise creativity and innova-
tion to deliver on the Sustainable
Development Goals (SDGs) for real-
izing a sustainable society.

Understanding that the develop-
ment of the private sector is founded
on the realization of a sustain-
able society, and the private sector
should fulfill its social responsibil-

ity.

AGRIROBO Tractor capable of perform-
ing unmanned automatic operations

AGRIROBO Combine harvester with

SDGs and Agricultura[ Mechanization

Fig. 2 Kubota Smart Agri System (KSAS)

Cloud service
Accumulating farm wark data

KSAS-compatible machinery

Farm fislds

According to “World Population
Prospects in 2019” published by the
United Nations, the global popula-
tion is projected to grow to around
8.5 billion in 2030, 9.7 billion in
2050, and 10.9 billion in 2100, from
7.7 billion in 2019 (Fig. 4).

FAO estimates that “to meet de-
mand, agriculture in 2050 will need

to produce almost 50 percent more
food, feed and biofuel than it did in
2012 (Table 5).

Under the constraint of farm
lands, the increase in production
would be achieved mainly through
yield growth.

I believe that agricultural machin-
ery industry must play a key role

Fig. 4 Population size and annual growth rate for the world

_ o~ Growth rate (left axis)

‘otal population (right axis)

1 Pro
i

95% prediction intervals [~ 14

— 10

Total population (billions)

Average annual rate of population growth (percentage)

1950 1970 1980 2010

2030

Year

2050 2070 2090

Estimates, 1950-2020, and medium-variant projection with 95% prediction intervals,

2020-2100

Fig. 3 Kubota Agricultural Machinery with GPS

", ;
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automated driving assist function

N ice transplanter with keeping straight

function
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Table 5 Increase in agricultural production required to match projected demand,

2005-2050 (%)

2005/07 ‘ 2050 ‘ 2005/07 ‘2013-2050
2012
World
As projected in AT2050 100 159.6 14.8 44.8

Source: FAO 2017, "The future of food and agriculture™

in the improvement of agricultural
productivity. We should continue
to move forward, recognizing that
expectations to the industry are
growing, and at the same time our
responsibility becomes greater.

Last but not least, | would like
to express my deepest appreciation
to AMA for giving me this kind of
opportunity. | wish AMA will con-
tinue to flourish as an international
magazine of agricultural mechani-
zation in the future.
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Smart Agriculture Research in IAM-NARO

Introduction

On behalf og IAM-NARO, |
would like to extend my heartfelt
congratulations to the AMA on its
50th anniversary.

This magazine was launched in
1971 with the aim of introducing
basic research conducted by experts
from all over the world on agricul-
tural mechanization in countries of
Southeast Asia, in response to their
requests during the early stage of
agricultural mechanization. Since
then, it has expanded its coverage to
include all of Asia, Africa, and Lat-
in America and has provided useful
information to promote agricultural
mechanization in these regions.

Meanwhile, the recent global
spread of COVID-19 has had a ma-
jor impact on food supply. In some
cases, it was difficult to secure sta-
ble supply due to export restrictions
on agricultural products and stagna-
tion of logistics; thus, the need for
research and investment to improve
agricultural productivity has been
reconfirmed.

IAM-NARO aims to contribute
to the promotion of sustainable ag-
riculture in harmony with the envi-
ronment through smart agricultural
machinery research and its social
implementation. In this article, an
overview of IAM-NARO and an
outline of the smart agriculture
research that has been going on cur-
rently is described.

by

Ken Kobayashi

Director - General,

Institute of Agricultural Machinery (IAM) -

National Agricultural Research Organization (NARO)

JAPAN

History of IAM-NARO

The IAM-NARO was established
in 1962 with government and pri-
vate company funding as the In-
stitute of Agricultural Machinery
(IAM), with the aim to promote
Japanese agricultural mechaniza-
tion; it was integrated with NARO
in 2003. Since its establishment, the
organization has contributed to the
development of Japanese agriculture
by conducting research and devel-
opment of agricultural machinery as
well as inspection testing related to
performance and safety.

At the time of its establishment,
the IAM-NARO has focused on
research and development of paddy
rice production machinery, devel-
oped the prototype of head feeding
combine harvester and put a high-
performance rice transplanter and
a screw type axial flow combine
harvester, which can be applied to
rice of Japonica varieties and others,
into practical use. It has contributed
to labor saving and the reduction of
working hours of rice cultivation;
in fact, as a result of the great prog-
ress in mechanization, the working
hours decreased significantly from
1,170 hours per ha in 1970 to 240
hours in 2016.

Since the 1990s, the IAM-NARO
has also been working on practi-
cal applications of research for
machines such as horticulture and
livestock farming, which are small
in market size and difficult for pri-

vate companies to develop indepen-
dently. Through joint research with
private companies, 77 models, more
than 65% of the models developed,
such as roll balers for chopped ma-
terials, cabbage harvesters, and far-
infrared grain dryers, have been
commercialized.

The IAM-NARO has also been
involved in farm work automation
research since the 1970s and have
developed a gantry-type unmanned
operation system for paddy fields,
cable-guided tractors and speed
sprayers, and the world’s first robot
tractor. In the fields of horticulture
and livestock farming, the organiza-
tion has also developed and put into
practical use grafting robots, straw-
berry harvesting robots, and auto-
matic systems for carrying milking
units.

In testing activities, through type
inspections, safety appraisals, etc.,
significant contributions has been
made in improving the quality and
safety of agricultural machinery in
Japan, environmental conservation,
and more. In Japan, robotic tractors
were introduced to the market in
2018. The IAM-NARO has also es-
tablished testing methods and evalu-
ation standards for these robotized
and automated agricultural machin-
ery and also conducting evaluations.

Furthermore, the IAM-NARO has
actively responded to international
cooperation, such as the long-term
dispatch of staff to Asia, Africa, and
Central America and the acceptance
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of trainees from overseas.

Efforts Toward Smart
Agricultural System De-
velopment and Practical
Application/Spreading

Japan’s calorie-based food self-
sufficiency rate is 38%, which is the
lowest level among major developed
countries. On the other hand, in ag-
ricultural production sites, the num-
ber of large-scale farming entities
exceeding 100 ha is increasing be-
cause of the decrease in the number
of farmers and the aging of the pop-
ulation; moreover, the accumulation
of farmland into the hands of the
main farmers is progressing rapidly.
In addition, the yield and quality
of agricultural products have been
declining due to high temperatures
and frequent, heavy rains. For this
reason, it is becoming increasingly
important to develop technologies
and machines that not only improve
agricultural productivity while con-
sidering the environment but that
can also be used easily and safely by
the elderly, new farmers, and non-
skilled employees as well as stably
producing high-quality crops.

In response to this situation, by
utilizing robot technology such as
artificial intelligence (AI) and infor-
mation communication technology
(ICT) to make agricultural machin-
ery such as tractors into robots, and
utilizing multi-field farm manage-
ment systems, weather information,
and other sensing information, vari-
ous public and private sectors are
working on technological develop-
ments to build a smart agricultural
system that enables efficient and
highly accurate work.

At our institute, we have devel-
oped a robot tractor, a robot rice
transplanter, a map-based variable
fertilizer applicator, a yield moni-
toring combine harvester, and more
and have already put some of them
into practical use. At present, the
IAM-NAROis engaged in the devel-
opment and research of a multiple

robotic agricultural machinery oper-
ation system using remote monitor-
ing, a robotic tractor that can move
between fields, a weeding robot, a
pig pen cleaning robot, an agricul-
tural management system that di-
rects robotic agricultural machinery
to work plans suitable for automated
work, an insect forecasting system
based on meteorological data, and
an automatic cow body information
determination system using Al.

Furthermore, NARO is working
on the “Smart Agricultural Technol-
ogy Demonstration Project” with
the aim of introducing developed
technologies into model farms and
conducting systematic technical
demonstrations. This project, which
started in 2019, aims to establish
an optimum technology system and
realize smart agriculture at an early
stage by identifying and improving
problems related to performance,
operability, cost, etc. as well as by
analyzing data related to farm work
and management at 124 demonstra-
tion sites nationwide.

Conclusion

The main target of the smart ag-
ricultural research currently being
conducted is large-scale agricul-
ture related to paddy fields on level
ground; in the next step, however,
we will apply it to vegetables and
fruit trees that are difficult to mech-
anize. Dealing with hilly and moun-
tainous areas, where the population
is declining and aging more than
the ground level and where there are
many small and irregular fields, is
also an important issue. The Insti-
tute believes that these challenges
will also contribute to the establish-
ment of smart agricultural systems
in Asia.

In addition, as robotics and the
automation of agricultural machin-
ery have remarkably progressed, the
Institute intends to contribute to the
development of Japanese as well as
worldwide agriculture by contribut-

ing to the provision of high-quality
agricultural machinery through
R&D and testing and evaluation,
while maintaining consistency with
the international standardization of
1SOs and OECD Tractor Test Codes,
or by making proposals from the
Japanese side.

[ 1]
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As a Successful Contribution for New Agriculture

Paradigm

Introduction:
"Congratulation" !

President Yoshinori Kishida has
developed “the Culture over Agri-
cultural Machinery”especially in
Asia, Africa and Latin America for
this half century. Thus, “AMA” may
be one of the most highest interna-
tional journal, in addition, especially
in the recent Al-ages of “Agricultural
Science and Engineering”.

By the way, | have been an inter-
national chairman for IFAC (control
eng.)™ over these 25 years. Through
activities of IFAC, | have been in-
timate with Secretary General of
CIGR. CIGR recognized Famous
President Y. Kishioda as the one of
key persons in the world in new ag-
ricultural public opinion

At CIGR Congress held at Milan
in 1995, President Kishida and |
were nominated as the important
officer in CIGR. At that time, CIGR
has been accepted by Science Coun-
cil of Japan (Japanese Gavernment)
like IFAC, then we have been im-
portant colleagues in several aca-
demic activities through Japan as
well as International Academies.

Kishida International
Prize in ASABE

On the other hand, ASABE
(American Sciety of Agricultural

by
Yasushi Hashimoto

Honorary President of Japanese Soc. of Agricultural,
Biologocal, Environmental Engineering & Scientists

JAPAN

and Biological Engineers) is an-
other big academic society in USA.
Historically, “Kishida International
Prize” is one of the most valuable
awards in ASABE. In 2006, ten
years after CIGR Milano Congress,
I could get BIG-Awards from AS-
ABE which was so called “Kishida-
ASABE International AWARDS”
at Portland in USAM, which was
given based on the paradigm shift of
“speaking plant approach” in green-
house computer control (in the com-
puterized agricultural system)El,

"Paradigm Shift of Control
in Greenhouse Engineer-
Ing"

In IFAC Kyoto Congress (1981),
special session for phytotronics was
successfully organized by Prof.
Hashimoto with the help of Prof.
Alexander Udink ten Cate of Wa-
geningen University as a co-orga-
nizer, as the first special session in
the agricultural engineering in the
world. After several mini-symposia
in Netherlands, UK, and Germany,
we could have “Technical Com-
mittee in Agricultural Engineering
(TC in AE)” in 1990 at IFAC Tal-
linn Congress. The first Workshop
on agricultural control problems at
Matsuyama was held at ANA Hotel
in 1991 based on IFAC rulel.

The concept of SPA (speaking
plant approach) to environmental

control of the greenhouse) was sup-
ported by the TC as the paradigm
shift of the Computer Control of
Greenhouse in Agriculture and Hor-
ticulture, resulting my name as the
initiator.

"Information Technoligy"
in EFITA (European Fed-
eration for Information
Technology in Agriculture)

Prof. A. J. Udink-ten Cate of Wa-
geningen University who was the
co-organizer of IFAC-TC also de-
veloped Information Technology in
agricultural engineering.

As the results, CIGR had to edit
Handbook of Information Technol-
ogy. President Prof. Munack had
to obliged to edit the Handbook®),
resulted in new paradigm .

New Agricultural Mecha-
nizations Appear in the
New Paradigm

Agricultural Mechanization
should be strongly supported based
on System Control, Instrumenta-
tion, Information-Engineering,
Bio Robotics, and Communication
System in the ages of Al (Artificial
Intelligence).

IFACE 4 EFITA (European Feder-
ation for Information Technlogy)®,
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CIGR!, of course, our Japanese So-
ciety (Japanese Soc. of Agricultural,
Biologocal, Environmental Engi-
neering & Scientists) may also shift
the paradigm to new agricultural
mechanization, such as Information
Application consist of Control, Al,
Bioroboticst”! in the basis of Recent
Mechanical Engineering, strongly
supported by honorary director of
President Kishida as well in CIGR
and IFAC.

Recent engineering may be
paradigm shift by new methods
developed in new measurement
technologies. Accomplishment from
the USA-Japan-Seminar supported
by both NFS (National Foundation
of Science in USA and JSPS (Japan
Society of Promotion of Science)
about new biological instrumenta-
tions may now easily accessiblet®,

CIGR/KYOTO-Congress/
2022

AMA! “paradigm shift of Agri-
cultural Mechanization” in Asia,
Africa and Latin America! Next tar-
get may be CIGR/Kyoto Congress,
which Prof. Noguchi could organize
with the enormous supports by the
president Kishida. A votre sante!

REFERENCE:

[1] Y. Hashimoto (guest ed): Appli-
cations of Artificial Neural Net-
works and Genetic Algorithms to
Agricultural Systems, “Computers
and Electronics in Agriculture”.
18 (2, 3), 1997, Elsevier.

[2] Y. Hashimoto: “Kishida Interna-
tional Award” in 2006, ASABE.
[3] Y. Hashimoto et al., eds: The
Computerized Greenhouse, p.331,
1993, Academic Press, San Diego.

[4] Y. Hashimito and W. Day, eds:
Mathematical and Control Ap-
plications in Agriculture and Hor-
toiculture, p.447, 1991, Pergamon
Press, Oxford.

[5] Schiefer eds,: Perspectives of

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA

Modern Information and Commu-
nication Systems in Agriculture,
Food Production and Environ-
mental Control, EFITA-1999//as
the IFAC representatives: Prof.
Dr. A. Udink-ten Cate (Wagenin-
gen, The Netherlands), Prof. Dr.
Y. Hashimoto (Japan), p.431, 1999,
Univ. Bohn, Germany.

[6] Munack. A ed,: CIGR Handbook
of Agricultural Engineering VI
(Information Technology) p.523,
2006, ASABE, (Hashimoto, as
the member of Edit-Board).

[7] N. Noguchi, H. Murasee (Guest
Eds): Special Issue on bio-robot-
ics, “Computers and electronics in
agriculture”. 63(1), 2008, Elsevier.

[8] Y. Hashimoto et al., eds: Mea-
surement Techniques in Plant
Science, p.431, 1990, Academic
Press, San Diego.

]|

Yasushi Hashimoto

*Personal Data: Born in 1936, Grad-
uated: Univ. of Tokyo. (BS, MS,
DS),

*Visiting Prof.: Duke University,
USA (1983), Wageningen Agric
Univ. NL (1981),

*Royal Soc. London (1983), K. U.
Leuven. B (1991), Tokyo Agr Univ.
(2002-2007)

*IFAC WG chair (1980-1989), TC
chair (1990-1996), CC chair &
Technical Board (1996-2002),
Council Member (2002-2005)

*CIGR (chair of technical dev.ll
(1995-1998), chair of CIGR/Tsu-
kuba Congress/2000

*Chair (Japanise representative) of
Joint Semina between USA &
Japan in 1985), *Science Council
of Japan (member: 2000-2005) (as-
soc.mb (1985-2000, 2005-2017)



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

Smart Agriculture for 9 Billion People's Food

Production and Environmental Conservation

Aiming SDGs

Introduction

It has been 50 years since the
Farm Machinery Industrial Re-
search Corporation published in
1971 the first AMA journal of Agri-
cultural mechanization for develop-
ing countries. On behalf of JSSAM
(Japanese Society of Agricultural
Machinery and Food Engineers), |
would like to sincerely congratulate
the AMA. | recall with admiration
that during this half century the
AMA journal received an Impact
Factor rating (2012) from Thomson
Reuters, USA, as well as reaching a
worldwide audience.

Given the magnitude of this
achievement in the field of agricul-
tural machinery research, |1 would
like to send congratulations to
President Yoshisuke Kishida on the
50" anniversary of the company
and to express my appreciation for
his great contribution to this re-
search field. It is no exaggeration to
say that the current field of “Smart
Agriculture”, as well as “Precision
Agriculture” which preceded it, are
a result, in no small way, to his con-
tinuous efforts to spread information
and inspire many other researchers
to contribute to the develop of these
new fields through the company’s

by
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newspaper and journal. As a mea-
sure of our gratitude, | would like to
detail here this research and techno-
logical development. Our academic
society, JSAM, is also indebted to
him for his financial, as well as, in-
tellectual support.

Precision Agriculture
and Smart Agriculture

Fig. 1 illustrates the concept of
Precision Agriculture (PA), which
began being mentioned from the late
1990s. Compared with conventional
agriculture, PA is based on multiple
sources of data being received from
sensing systems, providing informa-
tion about soil, plant growth, cli-
mate and weather. The PA concept
is said “to minimize investment
while maximizing benefits based on
information.” For example, farmers
need not uniformly spread fertil-
izers on a field, if sensors identify
those areas in most need.

In my opinion, the more recent
concept of Smart Agriculture is
similarly based on information that
guides appropriate farming opera-
tions. Such Smart Agriculture will,
however, require more sensors, Al
(Artificial Intelligence), and robots.

In PA the linkage with machines or
robots was not obligatory, but the
sensors were needed to inform pre-
cise agricultural operations.

The PA concept evolved through
to the middle of 2013, more recently
integrating technologies, such as
neural network based machine
learning, use of loT, sensors, and
robots; resulting in the new term
“Smart Agriculture”. We expect
automation to expand even more as
labor shortages increase and the de-
mand worldwide for more efficient
food production and environmental-
ly conservative practices are sought.

Already we are being confronted
with serious environmental prob-
lems: global warming, air and water
pollution, water resource shortages,
overuse of chemicals, and plastic
pollution as the economies in many
developing countries surge. Trad-
eoffs between food production and
environmental issues need to be
solved simultaneously as the world
population is expected increase to 9
billion by 2045.

Solving the Trade-offs

Obviously, we will need to im-
prove the productivity of both land
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Fig. 2 Separated orange fruits whose
skins have slight injury fluorescing

production and labor if we are to
meet the food supply demands of
two billion more people. Further
mechanization and automation will
play an important role in meeting
these demands, as will selection of
higher yielding cultivars. Witness
to this, in 2017 Japanese companies
started selling unmanned tractors.
Automated rice transplanters and
combine harvesters will also be
available for practical paddy field
operations in the near future. It will
be possible to make an operator-
plural machine system for Asian
intensive agriculture which makes
higher productivities as well as
higher quality products.

Secondly, insect and pest crop
losses will also need to be reduced.
If we can detect product disease
and insect injury at an early stage,
we can effectively increase field
productivity significantly. Recently,
drone based crop monitoring sys-

Fig. 1 Information flow based on the precision agriculture
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tems have been developed using
color/multispectral cameras. By au-
tonomously controlling drones with
cameras mounted on them, we could
effectively monitor crops during the
growing season, and thereby make
large gains in the amount of product
that makes it from the field to the
consumers’ table.

Thirdly, post-harvest losses can be
reduced by introducing more sensi-
tive grading machines into agricul-
tural production. Even the slightest
injury by bacteria can have deleteri-
ous effects during storage and distri-
bution to retailers or the home.

Recent imaging technologies can
detect injuries in the skin of citrus
fruit, the size of a pinhole. When
these citrus fruits are separated out,
the healthy shelf-life of the remain-
ing fruit are effectively increased.
Fig. 2 shows the fruit with pinholes
and slight injuries separated out and
highlighted using fluorescence im-
aging sensors at a grading facility.
In the figure, the yellow portions on
the skin are fluorescent substances
released on to the surface of the
skin after injury If some of these
fruit had been boxed together with
healthy fruit prior to storage, the
healthy fruit could be spoiled by the
bacteria from the injured fruit.

Such fluorescence sensors could
also be used in home refrigerators;

cial Edition : SDGs and Agricu[twa[ Mechanization

keeping a watch on the freshness of
agricultural products, such as toma-
toes and green peppers. They could
help inform consumers which food
needs to be consumed quickly and
which can be safely saved for later
consumption. It is said that 1.3 bil-
lion tons of food per year is lost in
Japan; 30 % of all the food produced
in that year.

As indicated above, new ma-
chines, devices and sensors for ef-
ficiently producing and conserving
food and the surrounding environ-
ment need to be developed for ap-
plication in open fields, controlled
environments, post-harvest facili-
ties, and at home. Of course, these
technologies will not stop at just
agricultural products, but must
also cover livestock, aquaculture,
food, as well as our own health (see
Fig. 3). | believe the AMA journal
will continue to contribute to the
enhancement of these activities in
“Smart Agriculture” by mitigating
the multiple trade-offs inherent in
the vision of JSAM members: “Food
Production, Environmental Con-
servation, and Healthy and Affluent
Human Life”.

[ | |

Fig. 3 Our technologies on smart agriculture covering primary

industry, food industry and health industry contribute to
humans healthy and affluent life
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Smart Robots for Production Agriculture for SDGs

Introduction

Being able to provide food for
citizens will be a significant con-
cern for governments in near future.
Self-sufficiency in food is main cri-
teria which countries will struggle
with. It was estimated that the world
population will increase to 11.8
billion until 2,100 (Statistical hand-
book of Japan, 2015). Supporting
this population will not be possible
if the long-term planning was not
included in the future policies of the
agriculture industry. Also, over the
past few decades, the agriculture
industry has faced new challenges.
Previously, self-sufficiency in food,
and rural migration to cities were
the significant concerns. There are
limited agricultural harvestable
farms in the world which water cri-
sis, labor shortage, natural phenom-
enon, and economic issues definitely
will reduce the chance of the farm-
ing. The change of forests to agri-
cultural fields will have irreversible
consequences on the ecosystem, air
pollution, and oxygen production.

In developed countries such as
Japan and USA, the interest of
younger generation in agriculture is
steadily declining. This is because
of low income of farmers in compar-
ing by office works, the difficulty
of farm work, and cultural attitude
change. According to global agri-
culture statistics, the average age
of farmers is 65.9 years (Statistical
handbook of Japan, 2015), compared
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to 55.9 years old in USA (USDA
Farm Demographics, 2012), and 52
years old in Iran (Asadollahpour, et
al., 2014). With a declining farming
population, the majority of farmers
are considered “too old” to handle
the rigorous demands of the indus-
try. According to the last report
from the Statistics Bureau of Japan,
the number of laborers continue to
decrease, from 20.33 million (30.2%
of total workers) to 13.40 million
(3.7% of total workers) over the pe-
riod from 1960 - 2013. This problem
and others have had a negative effect
on agricultural output, which was
8.47 trillion yen in 2013, down 0.7%
from 2012. Furthermore, based on
the Global Agricultural Productivity
report, agricultural production needs
to increase by 100% over the next 40
years. Doubling agricultural produc-
tivity from 2005 to 2050 is aligned
with the SDG 2 target of doubling
agricultural productivity and in-
comes of small-scale farmers and
food producers (Global Agricultural
Productivity Report, 2019). Now we
can imagine that we will have fewer
farmers with old age, limited farm-
land, water crisis, global warming,
and population growth in the future
which continually increase the com-
plexity of the issue. This makes a
multi-variable problem which the
scientist has to solve by consider-
ation of single answer: produce more
food with limited resources.

In western countries, “sustain-
able agriculture” was developed to

Hokkaido University, Sapporo, JAPAN

reduce the environmental impact
of production agriculture (National
Research Council, 1997). At the
same time, the global agricultural
workforce continues to shrink; each
worker is responsible for greater
areas of land. Simply continuing
the current trend toward larger and
heavier equipment is not the solu-
tion. A new mode of thought, a new
agricultural technology is required
for the future. Intelligent robotic
tractors are one potential solution
(Noguchi et al., 1997). Sensors
are an essential part of intelligent
agricultural machinery. Machine
vision, in particular, can supply in-
formation about current crop status,
including maturity (Ahmad et al.,
1999) and weed infestations (Tian et
al., 1999). The information gathered
through machine vision and other
sensors such as GPS can be used to
create field management schedules
for chemical application, cultivation
and harvest. This chapter will give
the application of robot vehicles
in agriculture using new technolo-
gies. Research institutions around
the globe are conducting researches
about autonomous vehicle for ag-
ricultural use and usually they rely
on a RTK-GPS (real-time kinematic
global positioning system), GIS
(geographical information system),
image sensors, and VRS (virtual
reference station), etc. (Kondo et al,
2011). The most advanced technolo-
gies related an intelligent robot ve-
hicle will be addressed here.
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A Robot Faming System

The robot framing system will
fully automate the farming from
planting to harvesting until to the
end user of the products (Noguchi
et al., 2011). A robot tractor and a
planting robot will be used to plant
and seed the crops using naviga-
tion sensors. A full overview of the
robot farming system is shown in
Fig. 1. It includes a robot manage-
ment system, a real-time monitoring
system, a navigation system, and a
safety system. In the robot farming
system, the robot vehicles receive
a command from the control center
and send information data through
a wireless LAN or packet commu-

nication. The robot vehicles such as
a robot tractor and a robot combine
harvester can perform its designated
tasks and can work simultaneously
with each other. The operator at the
control center can analyze the data
sent by the robot vehicles in a real-
time basis and can immediately
send the necessary information to
the farmers, retailers, and produc-
er’s cooperation, etc. Also, the op-
erator can see the real-time status of
the robot vehicles using a GIS while
their performing its task.

Agricultural Robot Vehicles

A wheel-type robot tractor and a
crawler-type robot tractor developed
in Hokkaido University, Japan and a

Fig. 1 Overview of the robot farming system
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rice transplanting robot and a com-
bine harvester robot developed by
the National Agriculture and Food
Research Organization (NARO) in
Japan are discussed in this section.

i. Wheel-type Robot Tractor

The platform of the robot is a
conventional 56 kW tractor (MD77,
Kubota Itd.) which was modified to
utilize as the robot (Noguchi et al.,
2002). Fig. 2 shows the hardware
platform. The attached internal con-
troller is built in the tractor cabin
and control actuators for those func-
tions. The internal communication
is based on a serial, RS232C, while
the communication between the PC
and the internal controller is con-
ducted through CAN-bus. The de-
veloped navigation system basically
composed of “Mission planner” and
“Autonomous operation” as descried
above. It enable to control the robot
in terms of a hitch function, a power-
take-off, an engine speed set, and a
transmission etc. as well as steering
angle during autonomous operation.
This control is based on the posture
information from the RTK-GPS and
the IMU in reference with a naviga-
tion map. All stages of field work
including tillage, seeding, tillage,
spraying and harvesting, can be au-
tomated when the robot is equipped
with a map of its travel path. More-
over, it is possible to automate the
whole operation sequence completely
since the robot can drive out of the
machine shed by itself, travel along
the farm road to the field, complete

Fig. 3 Lateral offset of #1 pathway on sugar beat field
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the required operation and return to
the shed by itself. In other words,
there is no need for an operator to
transport such a robot to the field.
The traveling accuracy of the robot
is £ 5 cm, which is far more accurate
than a human operator. The guidance
system could follow the predeter-
mined paths accurately. Fig. 3 shows
the lateral offset on the robot splay-
ing. The working distance for splay-
ing was 280 m and the results are
illustrated for the 1st path. As seen in
the figure, the maximum error was 8
cm, and r.m.s. error was about 2 cm.
The 2 cm error is accurate enough
for field operations.

ii. Crawler-type Robot Tractor
Crawler tractors are widely used
in agriculture because of the lower
ground pressure and the higher trac-
tion efficiency compared to wheel-
type tractors. A crawler tractor can
be applied to the various field works
such as tillage, cultivation and snow
dispersal. The platform vehicle, a
59 kW crawler-type tractor (CT801,
Yanmar Itd.) was modified. Actuators
and an ECU (Electrical Control Unit)
were built in the vehicle to electrical-
ly control the vehicle’s HSTs (Hydro
Static Transmission) (Zhang, 2009),
hitch functions, power-take-off, and
engine speed set. The RTK-GPS and
the IMU were used as navigation
sensors. Fig. 4 shows the schematic
diagram of the system. The PC con-
trolling the robot communicates with
all ECUs through CAN (Controller

Area Network) bus. It enables the
robot to control travel direction and
speed by changing the positions of
two HSTs, which have functions
of shift and steering. Since the
HST had strong nonlinear property
against a control input (Rovira-Mas
et al., 2010), a nonlinear controller
considering the HST property was
developed. In addition, a function
of map-base variable rate applica-
tion of fertilizers and chemicals was
implemented due to the CAN com-
munication capability with a variable
rate equipment. Fig. 5 shows a result
of the robot run. In the headlands,
the vehicle turned using a keyhole
turning. The robot vehicle could fol-
low the predetermined path with less
than 5 cm of lateral error and less
than 1 deg. of heading error.

iii. Rice Transplanting Robot

Fig. 6 shows a six-row rice trans-
planting robot developed in NARO,
Japan (Nagasaka et al., 2004). It
has been modified to perform com-
pletely automated operation with
the addition of DC servo motors
for operating the throttle, the gear
transmission (CVT) and the imple-
ment clutch, proportional hydraulic
valves for steering control, and hy-
draulic electromagnetic valves for
operating the left and right brakes,
clutches and the implement elevator.
It also employs an RTK-GPS and an
IMU as navigation sensors. In work-
ing situation of the robot, the steer-
ing angle is determined based on a

Fig. 4 Schematic diagram of the crawler-type robot tractor
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lateral error and heading error from
the predetermined path and control
signals are sent to the hydraulic
valves. At the end of the field, the
robot conducts keyhole turn to enter
the next travel path.

The transplanting robot can
travel within an error range of £ 10
cm from the predetermined path.
Although rice seedlings must be
supplied manually, the use of long-
mat type hydroponic rice seedlings
enables the robot to transplant up
to 3,000 m? of land at a rate of 0.2
minutes/ha without replenishing
seedlings as seen in Fig. 7.

iv. Robot Combine Harvester

A developed robot combine har-
vester in NARO, Japan is shown
in Fig. 8. The base machine was a
26 kW combine harvester (HC350,

Fig. 6 Rice planting robot

et LOng-mat
i nursery

Trans-
mission
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Fig. 8 Robot combine harvester
Ml WA

RTK-GPS antenna

PC and PLC
(Program Logic
Controller)

ISEKI Itd.). An RTK-GPS and a
GPS compass (100, Hemisphere)
substituting an IMU are used as
navigation sensors. The GPS com-
pass gives absolute heading angle
with accuracy of 0.3 deg. The robot
has general functions on a combine
harvester such as a speed control, a
header height control, and an auto
level system, etc.

Fig. 9 shows a trajectory of the
robot combine harvester on a wheat
field. The field size was 30,000 m?

and work speed was 0.6 m/s. First
three round paths from the outside
of the field were harvested by hu-
man drive, and the rest of field was
square harvested with cross land by
the robot. A lateral error of the robot
operation was about 7.1 cm. This
error was acceptable as guidance
performance because a row width of
wheat is 30 cm.

Obstacle Sensor

There are some unresolved issues
for automated agriculture using
robots. One is the issue of how to
ensure safety, both for the operator
and in the space around the robot.
The awareness of safety is par-
ticularly high in the U.S. Even the
standard tractors are equipped with
a safety mechanism which prevents
the vehicle from moving unless the
operator is sitting in the seat. Natu-
rally, a higher level of safety assur-
ance is required for a robot which
operates without an operator.

A successful sensor units detect-
ing an obstacle using a 2D scanning
laser for a robot tractor is explained
here (Noguchi et al., 2011). Since it
is necessary to fit the robot with a

Fig. 7 Trajectory of a rice planting robot
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multiple-stage and redundant safety
system. Three types of obstacle
detection sensors have been imple-
mented in the robot tractor.

Bosch Cooperation has been de-
veloping the obstacle detection sen-
sor unit composed of various sen-
sors used in automobiles. According
to investigation about an unmanned
ground vehicle (UGV) used in
real world such as an unmanned
transport vehicle in a factory, the
obstacle detection sensor’s specifi-
cation is made. The sensor covers
all direction surrounding the robot
vehicle by integrating a radar, vision
and ultrasonic sensor shown in Fig.
10. The sensor unit has a function of
making decision of safe or danger
of collision based on multiple sensor
input. However, the level of safety
that needs to be achieved before a
robot can be released on the market
is not just a technological question
but also a question which requires
community consensus. If the robot
must take full responsibility in the
unlikely event of an accident, it will
lead to an enormous cost increase
and hinder the progress of robotiza-
tion. There is a need for discussion
and consensus-building with regard
to the sharing of responsibility be-
tween users and manufacturers.

Robot Management System

One of the important parts of the
robot farming system is a manage-
ment system for robots. A robot
management system is developed
based on an integrated agricultural
GIS commercialized by the Hitachi
Solutions Ltd. (Yamagata, 2011)
The GIS can handle various types
of data such as field information,
crop type, soil type, yields, quality,
farmer’s information, chemical cost,
and fertilizer, etc. Users can handle
these informations through unified
operations. This GIS-base robot
management system has a function
of communicating with the robot
vehicles about status of the work
such as work efficiency and the level
of fuel, fertilizer and chemicals con-
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tained in each tank. The robot man-
agement system can also obtain crop
information data from the robot
vehicles using a smart vision sensor
explained in the next section. From
this information, a variable rate fer-
tilizing map can be generated and
the control center can send it back
to the robot tractors for fertilization
of the crops. Fig. 11 shows the mis-
sion plan map. Another function of
the robot management system is the
real-time monitoring of the robot
vehicles while in working condition.
In the case of the combine harvester
robot, each field is colored accord-
ing to its harvest status: not harvest-
ed, now harvesting, or harvested.
Using this management system, the
current location and status of the
robot vehicles can be seen. Also, the
current information of the working
condition of the robot vehicles can
also be observed. Fig. 12 shows the
real-time monitoring system of the
robot vehicle. In the figure, each
working robot has its own Robot
ID. By clicking the Robot ID to the
computer screen, details about the
robot vehicle will be seen.

Conclusions

Increases in the productivity of

agriculture have resulted in a de-
cline in the skilled machine operator
work force, particularly in advanced
countries. The average age of the
agricultural workforce is increas-
ing, indicating that this profession is
not being passed on to the younger
generations. On the other hand, soil
compaction by very large tractors
and other farm machinery, envi-
ronmental pollution by excessive
use of agricultural chemicals and
fertilizers, and concerns about food
safety; these negative outcomes of
our single-minded pursuit of higher
productivity are manifesting them-
selves. It can be said that in order
to solve the food-related problems
currently facing human kind, we are
in need of production support in the
form of not only powerful tractors
and other machinery but also more
sophisticated tools that can perform
tasks with human-like finesse. Hu-
mans use a significant amount of
intelligence to combine job func-
tions, visual and audio cues, motion
sensations, and experience to ma-
neuver the agricultural equipment
like a tractor. The intelligent robot
as a substitute for human workers
involved in food production will
be an indispensable system for the
infrastructure for human survival in
the future.

Fig. 10 Safety sensor for an agricultural robot vehicle
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Digital Farming Strategy toward Agricultural

Transformation

P

Abstract

This is an article for the 50" an-
niversary of the AMA journal
publishment, focusing on the fu-
ture shape of digital farming. The
digital farming is the latest stage
of modern agriculture, which let us
lead the question “who makes deci-
sion on farm management with the
data?” Exploration for answering
to the question needs at least two
storyboards of thinking: farm work
mechanization and farm work deci-
sion in physical space and cyber
space. Typical topics introduced
here are: digital technology changes
the farm work, management strat-
egy in precision agriculture, digital
farming scheme and target, cyber-
physical farming system for agricul-
tural transformation. These topics
will help the readers to explore the
future farming in countries.

Keywords: precision management,
community-based, cyber-physical
farming, mechanization

Introduction

The author would like to cel-
ebrate the 50" anniversary of AMA
journal, which has been encour-
aging and inspiring people who
have devoted to the agricultural
mechanization and development
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in Asian countries. Looking at the
last 50 years, it started from 1971,
and also looking at the coming 30
years, strong impacts of info-tech
and bio-tech are found over all field
and discipline under the change of
social foundation. Moreover, in the
year 2020 the COVID-19 pandemic
has changed the whole lifestyle and
social system in the world.

Population decreasing society
has come in Japan with lots of new
complex issues, such as shrinks of
local community and industry. All
Asian country follows Japan in the
coming 30 years. Community-based
approaches were useful to combat
against such complex or trade-off
issues in the fields of not only agri-
culture but also local society (Shi-
busawa, 2015).

Such problems complex and
trade-off, such as the environment,
energy, water, food and poverty,
have become global issues and to-
talized as the SDGs Sustainable De-
velopment Goals for “Transforming
Our World: The 2030 Agenda for
Sustainable Development” by the
United Nations in 2015. The SDGs
are the 17 goals and 169 targets to
achieve by the year 2030 to end pov-
erty, protect the planet and ensure
prosperity for all as part of a new
sustainable development agenda.
Achieving the SDGs requires the
partnership of governments, private

Tokyo University of Agriculture and Technology,

Council Member, Science Council of Japan
Secretary General, Science Council of Asia

sector, civil society and citizens
alike to make sure we leave a better
planet for future generations. Agri-
cultural sectors have indeed impor-
tant roles for achieving it.

Systems are changing in the sec-
tors of not only industry but also
administration during the last five
years (Shibusawa, 2016b). Smart so-
ciety 5.0 was a phrase of target in the
5t 5-year basic program for science
and technology innovation in Japan
(CSTI 2016), which involved 11 sub-
programs and two of them covered
agricultural sectors: a smart food
chain system and a smart agricultur-
al production system. This implies
that the agricultural issues became
critical in the government policy of
Japan, such as losing expert skills
and knowledge, less new-coming
young farmers, frequent damages by
natural disasters, and market pres-
sures of consumers’ motivations.

In the other hand Japanese indus-
try and economy has experienced
long-term depression effects and a
new break-through event has been
expected. The agriculture has got
interest of people as a new frontier
of industry innovation, and that is
why advanced technologies were
expected to be applied into agri-
cultural sectors. The STI program
has promoted the innovation in
agriculture and related business
fields. People called the new proj-

AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2020 VOL.51 NO .4



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

ects by phrases “smart agriculture”
and “smart food chain”. Goals of
the projects tended to be shown
by different terminology, such as
“cost-effective and market-in farm
management”, “restoring/rehabilita-
tion from disasters”, “agro-medical
foods for health and life”, “water
conservation agriculture”, and “STI
has oriented SDGs practices”.

The ICT strategy of agriculture
was also issued by the government
to enhance the interoperability
and portability of data/information
(SHIT, 2014), which has encouraged
the inter-ministry projects and ac-
tivities as well as the collaboration
between different sectors of indus-
try. An idea of agro-medical foods
was also re-organized in 2016 to
expand the fields of precision agri-
culture (Shibusawa, 2016a).

The objective of the paper is to in-
troduce current trends in precision/
smart agriculture focusing on the
science and technology innovation
program, towards agricultural trans-
formation.

Digital Technology
Changes Farm Work

Transborder farming implies here
a system of farm management prac-
tices in communicating across the
borders of different disciplines or
different business sectors, and creat-
ing multiple functions and/or values
by a single action. For example, a

Fig. 1 Farm work provides simultaneous multi-functions

by digital technology

person or machine works on a single
job action such harvest with the
monitor of the process, which used
to produce both the output of the
work and the information on the pro-
cess of job. The farm work should
be usually done to get high yield
under constraints of regulations such
as protection of contamination and
labour safety. When the innovative
technologies, such ICT, internet of
things (loT), artificial intelligence
(Al) and robotics (RT), are intro-
duced into the farm practices, a
cyber space of the data is also pro-
duced at the same time through the
practices, which plays multiple roles
in a single action as shown in Fig. 1.

When the data and information are
used for throughput management,
the system of farm practices is re-de-
fined as precision agriculture. When
the data and information are used
for risk management, the system of
farm practices is re-defined as good
agricultural practices (GAPs). When
the GAPs follow the GLOBALG.
A.P. Standards, the system of farm
practices directly communicates
with retailers, and furthermore com-
municates with consumers through
the products accompanied with
further constraints of food liability,
food security, and food quality.

Management Strategy in
Precision Agriculture

Prior to describe the management

Knowledge

strategy, it had better to confirm the
definition of precision agriculture
and smart agriculture as follows.
The reader can see they have no dif-
ference.

Precision Agriculture is a man-
agement strategy that gathers,
processes and analyzes temporal,
spatial and individual data and com-
bines it with other information to
support management decisions ac-
cording to estimated variability for
improved resource use efficiency,
productivity, quality, profitability
and sustainability of agricultural
production. In succinct version, Pre-
cision Agriculture is a management
strategy that takes account of tem-
poral and spatial variability to im-
prove sustainability of agricultural
production. (https://www.ispag.org/
about/definition, 2020).

Smart agriculture is the use of
new advanced technologies within
the agro-food system to promote
sustainable productivity by allow-
ing farmers and other stakeholders
to make more informed, appropriate
decisions. Existing and emerging
technologies like big data, online
meteorological data, digital technol-
ogies, and analytics are important
components of smart agriculture
technologies (APO Agricultural
Transformation Framework, 2019).

In the last decade of field ex-
periments working with farmers in
Japan, four levels of data manage-
ment strategy were recognized as
shown in Fig. 2 (Shibusawa, 2018).

Fig. 2 Four phases of precision management practices
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Level 1 was to simply describe the
spatio-temporal variability of the
fields, such as soil/elevation map-
ping, yield/quality mapping, disease/
weeds/growth mapping, and then to
recognize the evidence. The data set
of time, location and evidence play
the main role. Level 2 was to under-
stand why the variability came out,
with help of farmers’ knowledge,
mushing up of the data on the work
history, the environmental condi-
tions, and analysis the mechanisms
behind, models and assumption. Pre-
diction/exploration plays the main
role. Level 3 was to make decisions
in order to increase the throughputs,
looking at increases in the yield/
quality under regional constraints,
and reducing the cost, or sometimes
changes of the cropping system.
Level 4 was the action and evalu-
ation in a holistic view, such as to
choose a system of actions under the
constraints of labor, machinery, etc.
Based on the management strat-
egy, community-based precision ag-
riculture can be organized as a ho-
listic management scheme of rural
agriculture, including small farms,
local industry and food chain, with
help of new development on data
science and technology. There are
different stories regarding the prac-
tice of management in action when
one looks at field variability on
different scales. On a single small

farm, the farmer can better under-
stand what is going on in each field,
which enables variable-rate applica-
tion for site-specific requirements
with farmer’s knowledge and skills.
When it comes to covering an area
of a few tens of hectares including
lots of small fields, for example, a
farm work contractor or company
has to manage regional variability
due to cropping diversity. They also
have to coordinate the farmers with
different motivations due to differ-
ent cropping styles. Here, we have
hierarchical variability: within field,
between field, and between motiva-
tions of farmers in different scales
and different cropping styles.

Digital Farming Scheme
and Target

Disaster recovering should be a
target to apply the digital farming
approaches. People in Japan have
experienced big natural disasters
with more than 50 deaths every
three years and more than 100
deaths every 6 years during the last
thirty years, followed by restoring
measures of the community and ag-
riculture. So to speak, it is Disaster
Society Japan. For example, 1993
Hokkaido earthquake & Tsunami
with 202 deaths, 1995 Hanshin-
Awaji earthquake with 6,443 deaths,
2006 Heavy snowfall with 150

deaths, 2011 East Japan earthquake
& tsunami with 2,668 deaths, 2018
West Japan heavy rainfall with 200
deaths. A long-term recovering
measures required many kinds of
technology and management, which
often emerged new technology in
situ (Fig. 3).

Southeast Asian countries also
have many natural disasters. These
disasters destroyed whole fields
and villages, and then people have
to reconstruct the agriculture and
community with something changes
to be better. Food chain is one of
the most important lifelines to be
simultaneously recovered in terms
of food quality, food quantity and
systems reliability.

National policy influenced the
shape of domestic farming style and
in particular the national science
policy has depicted the digital farm-
ing scheme at the first time in Japan.
The Council of Science and Tech-
nology Innovation (CSTI), Cabinet
Office, Japan, has issued the 5th ba-
sic program for science and technol-
ogy on January 19, 2016, and the in-
novative technologies were targeted
as Smart Society 5.0 Service Plat-
form. The 11 sub-systems or core
programs were organized, including
two programs in the agricultural
sector, smart food chain system and
smart production system.

The smart food chain system

Fig. 3 Disasters society makes unexpected changes in the shape of agriculture.
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should be worthy of note, and it is
composed of four main sub-systems
of breeding industry, growers orga-
nization of production, processing
companies, transportation business
and market needs of consumers as
shown in Fig. 4. These events are
letting people attract to farm works
creating information, profits and
risks at the same time. Information
or digital data is becoming a new at-
tractor of not only academia but also
industry issues on such decision
making, skill transfer, education,
risk communication, and so on.

An ICT strategy, as shown in Fig.
5, was also issued from the govern-
ment to enhance the competitive-

ness in agricultural activities, par-
agriculture industry and marketing
activities, by accelerating the cre-
ation and application of agricultural
information. Interoperability and
portability are required for active
users to cost-effectively handle the
data and information of the field.
The strategy focused on standard-
ization of data/information protocol,
commonly available terminology
to share the information across the
inter-industry and inter-ministry
sectors. Intellectual properties are
also managed for growers and com-
panies. Consequently, a local indus-
try of agriculture will be changed
into a globally active player.

Fig. 4 A vision of smart food chain (Local Resources Strategy Committee, Council
for Science and Technology Innovation, 2015)
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Interoperability and portability are
implied as illustrated in Fig. 6. The
interoperability is here that the data
or information accumulated can be
used in different application or op-
eration systems through a common
protocol of data handling. Figure 6
shows examples of mutual utilization
of data among other farmer’s system,
among other agricultural machines,
among different vender services, and
among other control systems. For
the portability, examples are a new
application system can continuously
handle the data in a previously used
system by files downloaded, and any
application system can refer the data
used in a previous system. The por-
tability implies here that users can
handle their own database in any ap-
plication system.

Cyber-physical Farming
System

If all risk is described, a forward-
controlled crop management will
be designed. Breeder fixes a crop
variety with promised yield and
quality under expected conditions
or constraints, together with digital
data chart, that is, a seed variety
with growth data predictive. When
a grower gets the seeds or seedlings,
what one can do is to monitor
the cultivation conditions or
constrains and work practic-
es timely or not. The risk is a
gap of physical states to the
promised states in a spatio-
temporal coordinate system.

Competitive & Correct . _—
i A production and shipping N
Agriculture /i@ Next generation and players When the risks are evaluated
& e-odded produce at a location and at a time,
ﬂ _ Integrated agricultural service to a loss of yleld or qua“ty IS

¢ Value-added information management and Information 4 Solution service on farm work
export business Creation & mechanization and facilities
l APPI ication + Apply the deep experience of
% manufacturing into management
) #+ Agro-service networks on-demand
Marketing .
Activity Paragricultural

Industry

%

Management of intellectual properties on
information with know-how worldwide

Reconfirm and encourage the value
of informatization with know-how

One trillion-yen exports of agricultural products in FY2020

Paragriculture: para-agriculture, cf. paramedical

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA

predicted at any time. With
this information the plan of
crop management could be
changed or revised toward a
better result at any time.
Extending the risk-oriented
crop management model let
us to have a cyber-physical
farming system CPFS as
shown in Fig. 7. The CPFS
is composed of a physical
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farm, a cyber farm, and its interface
system. The physical farm is a real
existing farm with management by
a real people such farm managers
and decision makers who collects
the data and information on crops,
fields, technology, regional con-
straints, and famers’ motivations.
Putting all data of the physical farm
into a cyber space can construct a
prototype of the cyber farm, which
is enriched with the accumulation
of data and information. When
some simulation of physical farm
events is conducted, the cyber farm
develops onto the next stage. The
interface system is a system of data
collection, transfer and processing
works, with data format standards
and application programing inter-
face (API).

Human factors are very important
but missing parts in the CPFS. In the
physical farm the decision making
process of person is not described
perfectly yet and a data sharing sys-
tem of interoperability and portabili-
ty just begins now. In the cyber farm
reconstructing the real world is not
developed yet and in particular the
artificial brain and life to make deci-
sion is not tried. Communication of
decision-making person on organic
brains and silicon brains could be
coming in the next 50 years.

Fig. 6 System image experienced by farmers of Honjo Precision

Farming Society in 2018

Conclusions

Precision agriculture has induced
the process innovation of farm prac-
tices in communication with differ-
ent sectors of industry. Community-
based approaches with precision
management will provide the next
players for agricultural transforma-
tion. An idea of cyber-physical farm-
ing system gives a way of thinking
how the society accepts the new
technology and systems in future.
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Mechanization, Digitizing and Innovations in

Agriculture

The preface of the first issue
(1971) of AMA stated “Agricultural
mechanization is urgently needed
not only for farmers but also for
every people in this world. But it
does not seem to be clear as a gen-
eral consensus still.” After 50 years,
it has been a general consensus in
2020. We are sure that AMA sig-
nificantly contributes to this big
change. This has been possible by
cool head but warm heart of Dr.
Yoshisuke Kishida as the founder
of AMA, President, Shin-Norinsha
Co., Ltd. as well as President and
Editor in Chief, Farm Machinery
Industrial Research Corp. We sin-
cerely congratulate AMA on its

by
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50" anniversary. And we hope that
AMA will continue to contribute to
agricultural mechanization in the
world not only in Asia, Africa, and
Latin America in the future.

In recent years, digitizing agri-
culture becomes to be an important
concept to realize innovation in Ag-
riculture as well as other industry. In
this context, mechanization is still
an essential element of agricultural
innovation. One of the good ex-
amples to demonstrate this may be
EFITA 2019. EFITA (European Fed-
eration for Information Technology
in Agriculture, Food and the Envi-
ronment) is biennial conference that
facilitates participants from over 25

Fig. 1 Elements of digitizing agriculture
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countries focusing on knowledge
sharing and thinking on the future
of ICT technologies within the agri-
food and bio-resource sectors. The
web site shows the 4 important ele-
ments of digitizing agriculture (Fig.
1). These are sensors, data, decision
and action. The action includes real
farm operations, such as tilling,
seeding, fertilizing, harvesting, and
etc. Without mechanization, digitiz-
ing agriculture do not work well in
real farm operation.

At beginning of digital agricul-
ture, for example, a tractor is im-
proved by ICT. This becomes smart
tractor. At next stage, several ma-
chines and sensors are connected.
Then farm equipment system in-
cluding tractors, tillers, planters and
combine harvesters is organized.
Finally, system of system including
farm equipment system, weather
data system, seed optimization
system, irrigation system as well as
farm management systems, is es-
tablished. This is a good example of
digital transformation process in ag-
riculture as shown in Fig. 2. These
indicate that at every stage of digital
transformation process, farm Ag-
ricultural machines are important
to conduct operations in real farms.
At final stage, all machines will be
connected to the system of system.

We should reconfirm that inno-
vation do not mean just technical
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innovation and many of innova-
tion are realized from business
process innovation. In OECD Oslo
manual (2018), it is defined as “An
innovation is a new or improved
product or process (or combination
thereof) that differs significantly
from the unit’s previous products or
processes and that has been made
available to potential users (prod-
uct) or brought into use by the unit

(process)”. And a business process
innovation includes production of
goods and services distribution and
logistics, marketing and sales, infor-
mation and communication systems,
administration and management,
product and business process devel-
opment.

Information and communication
systems are recognized as most
important key element for innova-

Fig. 2 Example of digital transformation process
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tion in recently. Thus digital-based
innovations will contribute to re-
alization of digital transformation
and achievement of the SDGs. To
achieve this, AMA is expected to
continuously play an important role
to stimulate and encouragement
farms, agricultural machinery com-
panies and researchers in the future.

[ | |
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Need for Mechanization of Agriculture with

Environmental Protection in Developing Countries

Congratulations to the AMA
on its 50" anniversary! The AMA
was first published in 1971 to focus
on agricultural mechanization in
Southeast Asia, but later, due to
the request of its readers, it became
an academic journal “Agricultural
Mechanization in Asia, Africa and
Latin America” for the developing
countries of the world. AMA has
made immeasurable contributions
in the agricultural mechanization of
developing countries since then.

I was honored to be asked to con-
tribute to AMA’s 50" anniversary
issue on “SDGs and Agricultural
Mechanization in the World” by
Mr. Yoshisuke Kishida, President of
Shin-Norinsha, Co., which publishes
AMA. The SDGs are the interna-
tional goals for the year 2030 for the
sustainable prosperity of humanity
and the globe, which were adopted
by the United Nations General As-
sembly in 2015 and are listed in the
“2030 Agenda for Sustainable De-
velopment”. The goals of SDGs are
for human beings to overcome pov-
erty and hunger and enjoy prosper-
ous and fulfilling lives through tech-
nological progress, while achieving
economic, social and environmental
harmony. In particular, it is charac-
terized by a back casting approach,
one that incorporates both a strong
future vision and an examination of
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how to bridge the gap between that
vision and the present situation.

It is necessary to promote the
mechanization of agriculture with
environmental protection in de-
veloping countries to achieve the
SDGs goals of ensuring agricultural
production to meet the needs of the
world’s growing population and
improved livelihoods in the future,
while at the same time preserving
the global environment. Particu-
larly, it is important to enhance the
functions of agricultural machinery
using intelligent robots, not only to
automate tasks and increase yields,
but also to reduce the environmental
impacts on water, air and soil, to
conserve the natural environment,
and to achieve harmony between
production and the environment.
In addition, the use of renewable
energy and the establishment of
recycle-based agricultural produc-
tion systems are also necessary.
Furthermore, it is desirable to build
a recycling-oriented society to man-
age the entire process from produc-
tion to processing, distribution, sale
and consumption as a system, and
to reduce food loss and make effec-
tive use of it. In order to achieve this
goal, networking of people, goods,
and information is essential, even
in developing countries. There are
great expectations for the AMA

which can be a great information
source in this area.
L L}
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Overseas Expansion of Japanese Agricultural

Machinery through Cooperation with International

Cooperation Agency

Introduction

We would like to express our
deepest gratitude to Mr. KISHIDA
Yoshisuke and his editorial staff for
their efforts in carefully covering
the topics of agricultural machinery
development in various parts of the
world since the first issue of the
AMA in 1971, and for their efforts
in building up a human network of
researchers in various countries to
celebrate the 50" anniversary of the
journal.

Looking back over the 50 years
of AMA's history in Japan from the
viewpoint of mechanization of ag-
riculture, the trends in the develop-
ment of agricultural machinery in
Japan include higher speed, larger
size, improved comfort, improved
operability to meet the needs of
women, improved environmental
friendliness, and increased intelli-
gence. In this article, 1 would like to
share the role of Japanese agricul-
tural machinery-related industries in
the next 50 years from the perspec-
tive of international cooperation.

by
Hideo Hasegawa
Ph.D., Professor

Institute of Science and Technology, Niigata University.

Director, Division on Agricultural Mechanization,

The Japanese Society of Agricultural Machinery and Food Engineers.

JAPAN
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Development of Japanese
Agricultural Machinery
Industry through Inter-
national Cooperation
Agency

Movements of Japan's International
Cooperation Agency on Agricul-
tural Machinery

When we think about Japan's

agricultural machinery industry
over the next 50 years, contribut-
ing to the resolution of issues in
developing countries is a key word.
The challenges faced by develop-
ing countries are diverse, including
education, healthcare, urban devel-
opment, infrastructure, the environ-
ment, and agriculture, and some of
these challenges transcend national
borders, such as climate change,
infectious diseases, and terrorism,
and it is expected that Japan, as a
member of the international com-
munity, will contribute to solving
these challenges. JICA is the world's
leading international cooperation
agency.

JICA's activities include technical
cooperation for human resource de-
velopment and institution building

in developing countries, investment
and loans (yen loans) for large-scale
infrastructure development such as
airports, railways, and bridges, and
the provision of technical assistance
in the form of loans. There is a wide
range of activities, including grant
aid for basic infrastructure develop-
ment such as schools, hospitals and
water supply facilities, international
emergency aid at the time of a disas-
ter, and volunteer dispatch of Japan
Overseas Cooperation Volunteers
(JOCVs).

In recent years, | have had many
opportunities to participate in JICA's
technical cooperation and human
resource development activities
and online forums. In the field of
agricultural and rural development,
which is one of the challenges facing
developing countries, we have heard
many expectations from JICA for
the Japanese agricultural machinery
industry. In that sense, it is impor-
tant for the Japanese agricultural
machinery industry to consider col-
laboration with JICA. In particular, |
believe that there are hints for this in
the assistance to African countries
that JICA is focusing on.
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What Is the Benefit of Cooperation
with International Agency in the
Agricultural Machinery Industry?

When | talk with Japanese agri-
cultural machinery companies about
overseas markets, | often hear that
Japanese agricultural machinery has
been developed mainly for paddy
rice farming and that there is a lack
of models that can be adapted to
large-scale field crop management
overseas. There are various stages
of development in the early stages of
mechanization, such as the develop-
ment of pedestrian tractors and oth-
er agricultural machinery, as well as
government-led tractors and work
stations that provide various types
of work equipment and maintenance
services in some countries. Under
these circumstances, Japanese agri-
cultural machinery companies need
to think in reverse to take advantage
of the small size of agricultural ma-
chinery.

Recently, JICA has proposed a
concept called Africa Field Innova-
tion Center for Agricultural Technol-
ogy (AFICAT). Under this concept,
so-called smart farming solutions
such as unmanned tractors, un-
manned combine harvesters, drone
cultivation management technol-
ogy, and systems to automate water
management in paddy fields have
been demonstrated at the Tokyo In-
ternational Conference on African
Development (TICAD), and it has
been attracting unprecedented atten-
tion to achieve the goal of increasing
rice production tenfold in ten years
in Africa.

In addition, JICA has been active-
ly supporting the overseas expansion
of private sector in recent years. The
online forum hosted by JICA was
considered to be an indication of
JICA's proactive stance in promot-
ing private-sector partnerships to
achieve the goals of the SDGs.

Japan's Development Experience
and Human Resource Develop-
ment in the Agricultural Sector

For Japanese agricultural ma-

chinery, to take root in Africa and
to play a sustainable role, we need
local human resources to support
it. Japanese universities have an
opportunity to train such human re-
sources. It is called JICA Develop-
ment Studies Program (JICA-DSP).
The purpose of this program is to
offers the opportunity to learn about
Japan’s modernization and develop-
ment experiences, which differ from
those of Europe and the U.S., and its
wisdom as a country that provided
cooperation toward the progress of
developing countries after World
War II.

For example, the ABE Initiative
Program (Master's Degree and In-
ternship Program of African Busi-
ness Education Initiative for Youth)
invites young people from Africa to
Japan to obtain a master's degree at
a Japanese university to foster Afri-
can industrial human resources and
"pilots" who will support Japanese
private sectors in their business in
Africa. The SDGs Global Leaders
is a long-term training program for
government officials from Asia,
Oceania, Latin America, and Af-
rica to study in Japanese graduate
schools for doctoral and master's
degree programs, and there are cur-
rently more than 100 trainees in the
program. The course is designed to
prepare trainees to become top lead-
ers in policy making in order to help
them to solve future policy problems
in their countries. The course is de-
signed to help trainees become top
leaders who will be deeply involved
in future policy decisions to solve
the SDG policy issues faced by each
country, and to build and strengthen
networks with Japanese stakeholders
(e.g., public agencies, private sec-
tors, universities, NGOs, JICA, etc.)
in various fields, which will result in
the development of human resources
who will know Japan well.

Advice for Japanese Agricultural
Machinery Related Companies
that Want to Expand Overseas

When Japanese agricultural ma-

chinery companies intend to expand
their business in Africa and other
countries, they need to actively
participate in the human resource
development of foreign students
studying in the above-mentioned de-
gree programs in Japan, learn about
the product needs of each country
through the collaboration of foreign
students and young employees, and
form a multilayered network for
building a service network. The hu-
man resources built by these joint
efforts will be the ones who support
the overseas expansion of the Japa-
nese agricultural machinery indus-
try. The human resources developed
by these joint efforts will support
the overseas expansion of Japan's
agricultural machinery industry in
the true sense of the word.

[ | |
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SDGs and Kubota's Vision

Introduction

Allow me to offer my heartfelt
congratulations on the 50" anniver-
sary of AMA. Since publishing its
first issue in 1971, the magazine has
contributed to the advancement of
agriculture in developing countries
by reporting and providing sugges-
tions about the mechanization of ag-
riculture for the last 50 years. | have
the utmost respect for the hard work
of everyone involved in its publica-
tion.

Since the theme of this special
issue is SDGs, the article we have
contributed is about SDGs and
Kubota’s vision.

Alignment of Kubota's
Business and SDGs

This year marks the Kubota
Group’s 130-year anniversary.
Spurred by our founder’s desire to
save people from cholera, Kubota
succeeded in creating Japan’s first
domestically produced water pipes,
and helped establish a modern water
supply system. And to solve food
shortage problems and eliminate
hard labor in farming, in 1947 Kubo-
ta developed a domestically pro-
duced power tiller, helping to drive
the mechanization of agriculture in
Japan. Today we deliver ductile iron
pipes to over 70 countries worldwide,
and produce a total of over 30 mil-
lion engines and 4 million tractors.

We view the United Nations SDGs

by
Yuichi Kitao
KUBOTA Corporation

JAPAN

to be in alignment with the Kubota
Group’s goal of contributing to the
international community in the ar-
eas of food, water, and the environ-
ment, under the slogan: “For Earth,
For Life.” Since our founding 130
years ago, Kubota has supported the
lives of many in these areas. Our
mission is to continue contributing
to the international community as a
“platform provider supporting life”
by offering products and services
that are in step with the times.

Contributing to Achieving
SDGs through Business

Kubota believes that comprehen-
sive solutions are key to accelerat-
ing the attainment of SDGs through
business. For example, while Kubo-
ta provides agricultural machinery
to customers, we do not contribute
to the overall food production sys-
tem, so there is still much more we
could do to contribute. In the future
we hope to offer Food Productivity
and Safety Solutions and facilitate
the development of food production
systems.

Another way we believe we can
contribute to achieving SDGs is by
offering Recycling-based Society
Solutions. In the water and environ-
ment business, Kubota is carrying
out R&D initiatives such as water
purification and waste recycling,
with the aim of building a resource-
sustainable society in the future.

And we will focus efforts on en-

President and Representative Director.

suring these total solutions are pro-
vided globally, not only in Japan.

Food Productivity and
Safety Solutions

We believe that the solutions to in-
crease food productivity and safety
we are considering will contribute
to solving the global food shortage
problem.

As the global population is pro-
jected to reach 9.7 billion in 2050,
food security is a significant issue.
Furthermore, CO, emissions related
to the production, processing, trans-
portation, and so forth of discarded
food are said to account for around
8% of CO, emitted by humanity
overall. With the aim of actual-
izing smart agriculture worldwide,
Kubota will work towards achieving
Al-based automated management
by developing automated machinery
and sensing and analysis systems
that are linked to a wide range of
data in order to expand crop yield,
improve crop quality, and minimize
food waste.

Kubota has already developed
GPS-equipped models for all three
types of agricultural machinery we
offer: tractors, rice transplanters,
and combine harvesters. We also
provide a service called Kubota
Smart Agri System (KSAS), a farm
support system that links informa-
tion such as work progress and
operations such as cultivation man-
agement to machinery. In the future
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we will work towards providing
new solutions by incorporating full
automation and Al technology in
agricultural machinery.

Recycling-based Society
Solutions

The increase in the consumption
of resources due to economic growth
is also a global problem. We believe
we can contribute to resource recov-
ery with solutions to facilitate the
actualization of a recycling-based
society. For example, we are work-
ing on initiatives to make use of fer-
tilizer components such as phospho-
rus recovered in the sewage treat-
ment process in agriculture. Kubota
is also focusing efforts on providing
solutions to improve water-cycle ef-
ficiency and water quality.

Furthermore, we are researching
initiatives to curb methane emis-
sions, which are said to contribute
to global warming. Research has
shown that methane production can
be reduced by extending the drying
period for cultivated paddy fields.
The Kubota Group is also proposing
to change the method of agriculture
to “wet direct seeding”, where seed
rice coated with iron powder is sown
directly in a flooded paddy field, or
“dry direct seeding”, where seeds
are sown in a dry field. These meth-
ods require less labor time than the
conventional method of raising and
planting seedlings, saving energy
and labor. We will focus efforts on
providing total solutions for this kind
of agriculture primarily in Asia.

No Growth Without In-
novation

We believe that innovation is the
key to providing total solutions for
agriculture. Previously we mainly
developed products for the next two
or three years, but now we will need
to develop products and create new
services and businesses in anticipa-

tion of changes that will occur 10 or
20 years later. As a first step towards
this, in 2019 we established Innova-
tion Centers in Japan and Europe.

Quickly incorporating rapidly
evolving advanced technologies
such as ICT and Al is essential for
providing new value, and a crucial
part of this is open innovation with
external partners such as startups,
companies from other industries,
universities, and research institutes.
With our Innovation Centers tak-
ing the lead, we will work towards
promoting open innovation and
creating new value that exceeds our
customers’ expectations by planning
and proposing businesses, products,
and services that span existing prod-
uct categories, and investing in and
jointly researching with our part-
ners. We are also looking towards
establishing Innovation Centers in
other countries in the future.

10-year Long-term Vision

On January 2020, Kubota present-
ed a concept tractor at a trade show
(Fig. 1). Equipped with Al-based
self-driving and fully electric tech-
nology, the tractor was born from the
idea to enable a wide range of tasks
to be carried out by a stand-alone
unit, and represents Kubota’s vision
for the future of farming. The face
of agriculture is ever-evolving, and
Kubota is evolving in response. We
believe that it is important to contin-
ue developing products and services
that meet the demands of the times.

Looking ahead to future changes
in agriculture, we are currently for-

Fig. 1 Kubota concept tractor

mulating our long-term vision for
2030, which will present Kubota’s
growth strategy and vision for where
we want the company to be. In to-
day’s rapidly changing world, it is
difficult to predict what will happen
on a global level. But in order to
make sustainable living something
routine and ordinary, we believe
that providing total solutions that
integrate the areas of food, water,
and the environment like those men-
tioned above will lead to maximizing
Kubota’s contributions to society.

Kubota's Values

I became president of Kubota on
January 2020. Right after becom-
ing president, the novel coronavirus
pandemic put the global economy on
hold. The pandemic impacted us in
many ways, including forcing us to
suspend operations of plants. How-
ever, because our businesses that
underpin food production are es-
sential businesses, it reaffirmed our
responsibility to support people and
society.

There are two phrases | tell
Kubota Group employees to express
Kubota’s values which | want them
to prioritize in their work: “On Your
Side” and “One Kubota”

“On Your Side” means that we are
on the side of all our stakeholders,
including agricultural workers; we
identify changes they face before-
hand, and solve issues that accom-
pany those changes. “One Kubota”
means that everyone in the Kubota
Group works together as one team
to provide total solutions.

We will strive to instill these
values in our corporate culture and
become a corporate group that is
trusted by and continues to meet the
needs of society. The areas of food,
water, and the environment are es-
sential for people to live. And we
will contribute to the international
community in these areas as we
work towards our goal of achieving
the SDGs. T
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Agricultural Mechanization in the United States of

America

Abstract

United States agriculture is highly
mechanized other than a few opera-
tions, such as harvesting some fruits
and vegetables. Agronomic and for-
age crops are fully mechanized. The
equipment varies widely, but is gen-
erally relatively large and sophisti-
cated. About 80,000 new agricul-
tural tractors of over 30 kW are sold
annually, as well as many smaller
tractors and much other agricultural
equipment. Manufacturing and dis-
tribution of equipment are sufficient
to meet the country’s needs. Devel-
opment and commercial adoption of
precision agriculture, automation,
and robotic technologies are pro-
ceeding.

Agriculture in the United
States

Agricultural mechanization pro-
ceeded rapidly in the 19" and 20%"
centuries in the United States of
America building upon the innova-
tions and efforts of people such as
Cyrus McCormick, John Deere, J.
I. Case, and Henry Ford and a con-
ducive sociopolitical environment.
Many firms produced a wide variety
of agricultural equipment, includ-
ing the products of over 200 tractor
manufacturers early in the 20" cen-
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tury. The public sector supported
the development and adoption of
agricultural equipment, such as by
the institutions established by the
Morrill Acts of 1862 and 1890, the
Hatch Act of 1887, and the Smith-
Lever Act of 1914 to enhance agri-
cultural teaching, research, and ex-
tension respectively. The early and
widespread adoption of agricultural
mechanization in the United States
is recognized as one of the most
important achievements of the 20t
century, releasing the vast majority
of residents from agricultural labor
to allow them to build a prosperous
and powerful society (Schueller,
2000).

Agriculture in the United States
is inherently very diverse due to
the country’s size of over 9 million
square kilometers. The 2017 Cen-
sus of Agriculture (USDA, 2019)
provides data on agriculture and its
mechanization. The census indicates
that there are over 2 million farms
covering over 150 million hectares
of cropland plus vast pastures,
rangelands, and other productive ar-
eas in a very wide range of climates.
The machinery and equipment on
these farms, therefore, also varies
greatly. If a rough comparison must
be made with many other countries,
the machinery and equipment are
generally comparatively large, mod-
ern, and sophisticated.

Plant agriculture and animal
agriculture annually each produce
about US$ 200 billion of product.
Soybeans, corn (maize), and wheat
about equally have the largest crop-
ping areas. Grains and oilseeds pro-
duce about half of the income farm-
ers receive from plant agriculture.
Fruit, vegetables, nuts, ornamentals,
and other crops are often grouped
together in a “specialty crops” cat-
egory. Specialty crops are important
economically, but do not occupy as
large an area. The most valuable
commodities in animal agriculture
are cattle, poultry, dairy, and swine,
in that order.

Agricultural Machinery
in the United States

According to the 2017 census,
the value of all the machinery and
equipment on the farms was about
US$ 272 billion. Table 1 gives
some information on some of the
most common major equipment on
the farms, including dividing into
equipment manufactured in the
five year period before the census
and equipment manufactured prior.
Tractors are subdivided into catego-
ries on the basis of power with the
three categories being under 40 HP
(30 kW), 40 to 99 HP (30-74 kW),
and over 100 HP (74 kW). (Note that
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the balers are almost all not self-
propelled and that pickup trucks are
frequently used for transportation
and other nonagricultural work.)
The above agricultural census data
is gathered from reports by farmers.
It does not agree with the data re-
ported by the agricultural equipment
industry. Table 2 gives sales infor-
mation as reported in Diesel Prog-
ress (2020) magazine based on data
from the Association of Equipment
Manufacturers (AEM; www.aem.
org), a group comprised of mainly
equipment manufacturers. There
are differences in the annual tractor
sales rates, especially many more
small tractors being sold in a single
year than the census data implies.
Besides misreporting, the differ-
ences may be due to many tractors
being sold to municipalities, “hobby
farms”, and other users who would
not be surveyed by the agricultural
census. The tractors in the AEM
data were grouped into tractors with
four equal-sized drive wheels (4WD)
and those with larger wheels in the
rear 2QWD). It can be assumed that
almost all the 4WD tractors are over

100 HP. The tractors are mainly
from technology levels 11l to V on
the Renius (2020) scale.

The inventory numbers in Table
2 are for tractors that have been
manufactured and yet are not sold
on December 1, 2019. Many pieces
of agricultural equipment are pur-
chased from dealers’ inventories in
the United States. The mostly-tem-
perate northern hemisphere location
of the country causes seasonality in
sales. Between 25,000 and 30,000
total tractors and combines are sold
each month during April and May
while only slightly more than 10,000
are sold in November, January, and
February. (Sales in December are
higher for financial and tax pur-
poses.) Changes in farm incomes,
tax laws, and financial policies often
cause deviations in equipment sales
(e.g., Schueller, 2002). The CO-
VID-19 pandemic will likely also
have a significant effect. A great
challenge for manufacturers and
dealers is anticipating the demand
for new equipment.

A 1919 Nebraska law required
the testing of all models of agricul-

Table 1 Selected machinery and equipment on operations in 2017 (based on USDA,

2019)

. . Manufactured | Manufactured

Machinery or Equipment Total 2013 to 2017 | Prior to 2013
Trucks, including pickups 3,343,533 546,400 2,797,133
Total Tractors 4,038,099 470,722 3,567,377
Less than 40 HP (30 kW) 995,918 98,566 897,352
40 to 99 HP (30 to 74 kW) 1,795,589 191,415 1,604,174
100 HP (75 kW) or more 1,246,592 180,741 1,065,851
Grain and bean combines, self-propelled 323,347 45,771 277,576
Cotton harvesters, self-propelled 18,217 3,068 15,151
Forage harvesters, self-propelled 64,081 8,191 56,890
Hay balers 662,339 75,303 587,036

Table 2 Tractor and combine sales in the USA (Diesel Progress, 2020 from AEM

data)
Machinery 2019 \ 2018 Inventory
Total 2WD Tractors 241,748 233,452 138,894
Less than 40 HP (30 kW) 163,079 155,269 94,482
40 to 99 HP (30 to 74 kW) 60,086 60,231 35,708
100 HP (75 kW) or more 18,583 17,952 8,704
4WD Tractors 2,889 2,736 758
Total Tractors 244,637 236,188 139,652
Self-Propelled Combines 4,807 4,839 757

tural tractors sold in Nebraska (Hoy
and Kocher, 2020). This led to the
establishment of the Nebraska Trac-
tor Test Laboratory (tractortestlab.
unl.edu). Since tests are currently
required for all tractors sold in
Nebraska over 100 HP (74 kW) or
which are to receive a Nebraska ag-
ricultural sales tax exemption, most
models of tractors marketed for ag-
riculture in the United States have
test reports. These reports provide
valuable information on the details
and performances of the tractors.
This allows farmers to compare
models and encourages manufactur-
ers to improve equipment perfor-
mance.

The dominant fuel in tractors
switched from gasoline to die-
sel over fifty years ago. Current
tractors sold in the United States
must meet the strict Tier 4 engine
emissions standards from the U.S.
Environmental Protection Agency
(EPA). The contemporary emissions
control systems generally require
the additional farmer expense of
consumable diesel exhaust fluid.
Most of the tractors have power
shift transmissions (with some
having continuously variable trans-
missions), hydraulics, and PTOs.
Although historically most tractors
only powered the rear wheels, con-
temporary tractors now most often
power both the rear wheels and the
smaller front steering wheels. There
also are tractors sold with unpow-
ered front wheels, four equally-large
powered wheels, two rubber tracks,
and four rubber tracks.

Given the differences in rainfall,
temperature, cropping systems,
financial structures, etc., through-
out the United States, it is difficult
to generalize about agricultural
mechanization in such a large and
varied country. But there are some
characteristics which are more com-
mon and will be discussed below.

The production of grains and
soybeans (the dominant oilseed) are
fully mechanized. Large equipment
dominates, including self-propelled
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combine harvesters. Large tractors
pull tillage and planting equip-
ment. Considering the total land in
the major crops of corn, soybeans,
wheat, and cotton, about 20% of
the crops are grown with no-till
or strip-till practices and another
30% of the land alternates between
conventional tillage and no-till or
strip-till (Hellerstein, et al., 2019).
Conventional moldboard plows or
disk plows are much less popular
than in other countries. Tillage and
crop establishment is usually done
by the farmer. Crop protection and
crop harvesting may either be done
by the farmer or a hired specialist.
Large, often self-propelled, applica-
tors apply fertilizers and plant pro-
tection chemicals.

Similar mechanization is present
in other agronomic crops, such as
cotton, sugar crops, and peanuts.
The production of forages (hay,
haylage, silage, and green-chop) is
also mechanized. Due to the labor
cost in handling small bales, the
trend is towards large round or large
rectangular hay bales to facilitate
mechanized handling. Many bales
are high-density to reduce transpor-
tation costs, but then machines are
needed to make the forage acces-
sible to the livestock.

The mechanization of specialty
crops, such as fruits and vegetables,
varies depending upon the commod-
ity and its usage. Many specialty
crops, for example some fruits and
berries, have no accepted practical
harvesting mechanization solution
at this time. For other crops, espe-
cially vegetables such as potatoes,
green beans, and sweet corn, practi-
cally all the crops are mechanically
harvested. Specialty crops that will
be processed, such as canned, fro-
zen, or juiced, are much more likely
to be mechanically harvested than
those sold as fresh produce. Till-
age, crop establishment (planting
or transplanting), crop protection,
and harvested crop transport are
mechanized in most cases, although
manual weeding may occur for or-

ganic production or where there is
no adopted herbicide or mechanical
solution. There is ongoing research
and development into developing
mechanization for the remaining
manual operations.

There likely are now less than
the 2009 estimate of 6,500 to 7,000
farm equipment dealerships in the
United States (farm-equipment.
com, 2009) due to the continued
consolidation that has occurred. The
remaining dealerships generally
have sophisticated repair shops, as
do many of the larger farmers. Trac-
tor and combine sales to larger com-
mercial farms tend to be dominated
by the Deere, CNH, and AGCO
multinationals. However, there are
many different manufacturers and
brands from domestic, foreign, and
multinational companies, especially
for implements, specialty crop
equipment, and smaller tractors.
A vibrant used equipment market,
including much now online, allows
smaller or financially-limited farm-
ers to access equipment that no lon-
ger serves the needs of its original
purchasers. A typical conditions and
niche markets are generally well-
served by an economic and sociopo-
litical environment which facilitates
local equipment innovation and al-
lows equipment importation.

Although domestic and multi-
national manufacturing plants are
scattered throughout the country,
there is a concentration in the “corn
belt” for tractors and general equip-
ment. The long history of agricul-
tural machinery manufacturing in
the United States has allowed the
manufacturing techniques and orga-
nization to become optimized (e.g.,

Reid, et al., 2003.) The United States
is both major exporter and major
importer of tractors and other agri-
cultural machinery. The equipment
exported tends to be relatively large
and sophisticated. For example,
many large tractors are exported to
Canada and Australia. More units
of equipment are imported, but they
tend to be smaller and more basic in
technology unless they are for spe-
cialty crops or niche markets.

Precision Agriculture

Precision agriculture has been
studied and adopted in the United
States for many years (e.g., Searcy,
et al., 1989; Schueller, 1992). Heller-
stein, et al., (2019) and Schimmelp-
fenning (2016) include graphs of the
adoption of some of these technolo-
gies for some common agronomic
crops. Table 3 shows measurements
made from those graphs for the
most recent surveys of the crops.
The data reports the percentage of
crop planted acres that utilized the
corresponding technology. Yield
mapping during harvesting allows
the producer to understand the spa-
tial variability of the production
and provides inputs for potential
strategic or tactical adjustments to
improve profitability. The Global
Positioning System (GPS) for trac-
tors, fertilizer and chemical appli-
cators, and harvesters has allowed
automated guidance systems to
become very popular in the United
States. Anecdotal evidence implies
that automated guidance adoption
has continued to increase from the
data in Table 3. Variable rate tech-

Table 3 Precision agricultural adoption (based upon graphs in Hellerstein, et al., 2019)

. . Automated Variable-Rate

ear Yield Mapping Guidance Technolo6gies
Corn 2016 41 66 45
Cotton 2015 16 32 7
Peanuts 2013 18 49 6
Rice 2013 21 54 18
Soybeans 2012 22 45 30
Spring Wheat 2009 14 56 13
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nologies, such as for applying fertil-
izers and pesticides according to lo-
calized spatially-variable needs, are
gradually being adopted. Different
development (e.g., Whitney, et al.,
1999) and adoption rates of related
technologies are also occurring in
specialty crops. In some cases, there
are barriers to adoptions of digital
technologies, such as lack of hard-
ware and software training, privacy
and security concerns, insufficient
data management platforms, and
uncertainty of how to derive value
from acquired data (Drewry, et al.,
2019).

Agricultural Mechaniza-
tion Trends in the Unit-
ed States

The current political and corona-
virus affects on farm labor availabil-
ity are focusing more attention on
increasing mechanization for those
crop operations that are still manu-
al. For example, the cost of manual
harvesting is sometimes over half
the cost of producing a fruit or veg-
etable. There is ongoing work in de-
veloping both mass harvesters that
will simultaneously remove multiple
fruit with shaking or combing ac-
tions and robotic harvesters that will
pick individual fruit.

The widespread broadcast spray-
ing of pesticides increases produc-
tion costs and has environmental
impacts. Hence, there is a concerted
effort to use mechanization or inno-
vative chemical methods to reduce
or eliminate pesticide applications.

Fig. 1 Unmanned tractor pulling a
citrus tree sprayer

Some systems will only apply the
pesticide where the pest is pres-
ent. Other systems use mechanical
means to eliminate the pest. These
systems are not widespread yet, but
their use may increase.

Unmanned vehicles are a cur-
rent mechanization trend. Small,
unmanned aerial vehicles (UAVs or
drones) are used for scouting and
some limited application purposes.
There has also been research and
development work on unmanned
ground vehicles. For example Fig. 1
shows an unmanned tractor pulling
a sprayer in a citrus grove. Although
many tractors in the United States
have automated guidance to follow
a straight path in fields, they are still
manned.

The increased emphasis on
electronic and computer technolo-
gies has been challenging for the
employees of the manufacturers,
dealers, and users who do not have
familiarity with those technologies.
But it is expected that there will
continue to be increases in the use
of sensors, precision agriculture,
and computer networking. It is like-
ly that the agricultural machinery
will increasingly be an integrated
part of automatic data gathering and
control to maximize farm profitabil-
ity.

The integration of electronics,
automation, and data into agricul-
tural machinery has raised a large
number of ownership and legal
issues that need to be resolved. It
is uncertain of who will have the
responsibility and liability when
something bad happens, such as a
death or major property damage. In
addition, there are legal and politi-
cal battles over the “right to repair”
(e.g., Solon, 2017). Whether users
and unauthorized repairers should
have access to software code, repair
tools, and hardware is controversial.
Equipment manufacturers argue
safety, security, and intellectual
property concerns override the
historical precedent of users repair-
ing the equipment themselves or

using unaffiliated repair personnel
to achieve affordable and timely re-
pairs.
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Fifty Years of Progress in Agricultural Mechanization
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So much has happened over the
past 50 years in the world of ap-
propriate mechanization for small-
holder farmers — the target group
for AMA. In the past we have seen
tractor and machinery hire services,
often subsidized, run by public sec-
tor agencies. These have rarely been
successful (FAO, 2008, p21) mainly
due to inefficiencies (eg.: a high
percentage of travel time, small and
scattered plots, difficulties in receiv-
ing payments for services rendered,
high levels of down time due to
problems of servicing and accessing
replacement parts and inappropriate
civil service bureaucratic manage-
ment systems — Fig. 1).

Traditionally there has been an
over-reliance on the plough to bury
weeds, break up bare, hardened soils
at the end of the dry season and
treat compacted horizons. We now
recognize the environmental dam-
age wreaked on natural resources
through the destructive application
of plough-based soil preparation
practices. Soils were compacted,
plough pans formed, water infiltra-
tion was impeded and surface run-
off increased as a consequence.
Mechanization was acquiring a
poor reputation for damaging agri-
cultural soils and degrading natural
resources and so was simply not
sustainable. One solution, called
sustainable agricultural mechani-
zation (SAM) by the FAO, seeks
to improve the supply of essential
power and mechanization to small-
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holder farmers while at the same
time conserving natural resources,
particularly soil and water.

FAO’s SAM website (FAO, nd)
describes the SAM concept as fol-
lows:

Mechanization covers all levels of
farming and processing technolo-
gies, from simple and basic hand
tools to more sophisticated and
motorized equipment. It eases and
reduces hard labour, relieves labour
shortages, improves productivity
and timeliness of agricultural op-
erations, improves the efficient use
of resources, enhances market ac-
cess and contributes to mitigating
climate related hazards. Sustainable
mechanization considers technologi-
cal, economic, social, environmental
and cultural aspects when contrib-
uting to the sustainable development
of the food and agricultural sector.

Fig. 1 Tractors in public sector hire
schemes frequently suffer from poor
maintenance and a lack of replacement
parts. (Photo: Brian Sims)

At its heart SAM adopts the prin-
ciples of conservation agriculture
(CA) as a means of environmentally-
friendly crop production. The prin-
ciples are embraced by FAO’s Save
& Grow paradigm which encour-
ages and promotes practices aimed
at producing more and better with
fewer potentially damaging inputs
(FAO, 2001). As a reminder, CA is
based on three vital pillars which
are:

* Disturbing the soil as little as pos-
sible. This means establishing the
crop with direct seeders — no-till
drilling and planting — and not
cultivating the soil either for seed-
bed production or weed manage-
ment.

» Keeping the soil surface covered
with organic matter. Crop residues
are not removed, incorporated or
burnt but, as far as possible, are
left on the soil surface to protect
it against erosion and to conserve

Fig. 2 Animal-drawn direct planter
(Knapik, Brazil) with double offset
inclined discs to cut through surface
vegetation and deposit seed and
fertilizer at the required depths in the

soil profile. (Photo: Brian Sims)
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soil moisture. Cover crops are

used to extend soil cover into the

post-harvest period.

* Increasing the number of species
grown as crops, cover crops and
associated crops to maximize bio-
diversity on the farm. This will
include the inclusion of agrofor-
estry practices.

At the centre of CA mechaniza-
tion is the direct seeder or planter.
A wide range of equipment is avail-
able from low-cost animal-drawn
machines using discs and/or narrow
chisel tines to open a slot in the soil
and allow the seed to be sown at the
required depth Figs. 2 and 3).

Weed and cover crop management
is achieved by mechanical means
(for example with knife rollers (Fig.
4) or rotating knife machines such
as a weed header) or with the judi-
cious use of herbicides when non-
chemical means are not sufficient.
Biological weed management is
always the preferred option through
cover crops and associated crops
(Sims, et al., 2018).

When using combine harvesters
to harvest CA cereal crops, the crop
residues are spread evenly over the
field surface, rather than being de-
posited in a windrow, as part of the
regime of maintaining soil cover.
Straw spreaders are needed at the
rear of the machine to ensure even
residue distribution over the entire
width of cut. For more detailed in-
formation, a recent book chapter
discusses the mechanization solu-

Fig. 3 Tractor-mounted direct planter
(\Vence Tudo, Brazil). A suitable
implement for entrepreneurs to supply
CA service to smallholder farmers.
(Photo: Brian Sims)

tions for CA for a range of condi-
tions around the world (de Araujo,
etal., 2020).

We now have a situation where
we know how to better manage our
natural resources in parallel with an
increase in agricultural production
and in line with mitigation of the
impacts of the climate crisis, but at
the same time we have a situation
where smallholder farmers with
limited financial resources often
have difficulty in accessing the nec-
essary mechanization technology.
One way to overcome this obstacle
is to support a cadre of mechaniza-
tion service providers who can of-
fer the required CA mechanization
service to a number of farmers and
so keep the costs of the work to a
reasonable and, importantly, afford-
able, level.

An examination of the situation
has revealed that budding service
providers may need help in both
technical and business management
skills. The advantage of having
service providers well versed in the
correct adjustment and operation
of their machinery is clear, as the
farmers should receive a proficient
and technically excellent service.
And of course, a good service pro-
vider will be able to attract a larger
clientele and so be able to reduce
costs by spreading them over a
greater number of farmers.

Technical skills needed include
machinery selection (eg: for output,
work rate and manoeuvrability);

Fig. 4 An animal drawn knife roller for
the management of weeds and cover
crops. Blades on the roller crimp the

plants to desiccate them. (Photo: Brian

Sims)

machinery maintenance; calibration
(especially of seeders and sprayers —
Fig. 5); and operation.

Running a successful service pro-
vision enterprise will require skills
in market evaluation; cost calcula-
tion to arrive a break-even points,
profit margins and charge rates; as-
sessing service back-up and finance
opportunities. FAO has recognized
the needs of emerging service pro-
viders and has seen the need for
training in the skills outlined above.
The needs are addressed in a train-
ing manual (FAO, 2018), fully field-
tested and aimed directly at trainers
for capacity building in providers of
sustainable mechanization services
to progressive farmers. This will
allow farmers to ‘save & grow’ and
produce more and better products
while ensuring that essential natural
resources are there for future gen-
erations.

Recently, a new example of agri-
cultural machinery leasing contracts
has emerged for mechanization ser-
vice providers (Ag Lease Co, 2019).
This Zambian initiative may prove
to be the previously missing piece
in the puzzle to give the provision of
sustainable mechanization services
for smallholder farmers the break
through that it needed. Specialized
financial service providers such as
Ag Lease Co provide the financial
resources for start-up mechaniza-
tion service providers to access the
required machinery under stable
leasing arrangements. Targeted in-

Fig. 5 Calibration of a two-wheel
tractor mounted direct planter
(Fitarelli, Brazil). (Photo: Brian Sims)
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centives can favour the application
of climate smart practices (compat-
ible with CA principles); while tra-
ditional ploughing is punished.

Another innovation is the devel-
opment of the use of information
and communications technology
(ICT) for mechanization services
on call. Often it is simply the acces-
sibility or reachability of services
providers that is the obstacle for
smallholders needing mechanization
services. New start-up companies
such as TroTro Tractor Ltd in Ghana
(TroTro Tractor Ltd, nd) or Hello
Tractor in Nigeria (Hello tractor,
nd) have proven that ICT and simple
mobile phone technology (short
message service — SMS-based) can
close this gap successfully.

As we have learnt, AMA has
seen great changes in its 50-year
history and so we wish the publica-
tion a Happy Golden Anniversary
and hope to see many more years to
come!
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50 Years of AMA, the SDGs and Agriculture in
Germany

50 Years of AMA — a Suc-
cess Story

First of all, my sincere congratu-
lation from Germany on 50 success-
ful years of AMA - from myself
as a regular reader and expressly
supported by Prof. Dr.-Ing. Peter
Pickel, the current President of
our German Max-Eyth-Society for
Agricultural Engineering (VDI-
MEG). We know AMA as a unique
international journal supporting in
particular worldwide improvements
of agricultural mechanization in less
developed countries.

Founding the Club of Bologna
in 1988, its first President Prof. Gi-
useppe Pellizzi used his close links
to Mr. Kishida, Chief Editor and
drive wheel of AMA, to nominate
important persons from the AMA
list of co-operating editors as Club
of Bologna members supporting the
initial Club development consider-
ably.

Working for a future sustain-
able world, agricultural engineers
demonstrate that co-operation and
friendship can cross almost all po-
litical and social borders, working
on goals such as the 17 SDGs of the
United Nations, as follows.

by
= Karl Th. Renius
Retired Director of Institute of
‘a,g . Agricultural Machinery,
— TU Munich, D-85748 Garching

e W GERMANY
\ % m | renius@ftm.mw.tum.de

The 17 Sustainable De-
velopment Goals (SDGs)
of the United Nations

Declared in 2016 and supported
by 139 nations, the SDGs define
improved and sustainably organized
living conditions worldwide for the
year 2030.

The author of this article would
like to select and to rank the fol-
lowing seven SDGs as particularly
important from his point of view as
an agricultural engineer:

1. Ended poverty (SDG 1)

2. Peace, legal certainty and hu-
man rights as a general standard
(SDG 16)

3. Effective system of administra-
tion and institutions at all levels
(SDG 16)

4. Updated education systems
(SDG 4), access for all popula-
tion levels

5. Sustainable agricultural mech-
anization and general industri-
alization (SDG 9)

6. Developed infrastructure (SDG
9), in particular for drinking
water and sanitation (SDG 6),
health systems (SDG 3), clean
energy (SDG 7) and transport
systems

7. Sustainable consumption pat-
terns (SDG 12)

Ended poverty can usually not
be commanded sustainably by an
isolated process. It is much more a
common result of realizing all the
other listed goals — beginning with
peace, legal certainty and human
rights.

For developing industrialization
(SDG 9), agricultural mechaniza-
tion is usually the initial condition
reducing the number of working
people in agriculture enabling a
transfer of manpower to other areas
of the national economy working
on the listed goals. It was shown by
several publications of the Club of
Bologna that there is a clear corre-
lation between the level of agricul-
tural mechanization and the level of
general prosperity [8, 9] including
responsibility for adequate sustain-
ability [3].

EU Focusing on Reduced
Greenhouse Gas Emis-
sions

In 2013, the EU “Green Paper”
required a reduction of green house
gas emissions by at least 40% dur-
ing the period of 1990-2030. Energy
efficiency of agricultural machinery
was already considerably improved
until now, even in spite of strong
reductions of exhaust gas emissions
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other than CO, what complicated
an improved fuel economy. A new
test was developed in Germany for
tractor-implement systems: The
“DLG-PowerMix” simulates practi-
cal loads and speeds in addition to
the OECD code [10]. This initiated
a strong competition between trac-
tor manufacturers with continuously
reduced specific fuel consumptions
driving implements and pulling
trailers. The current “world record”
is held by a Fendt 1050 Vario: Only
233 g per summarized kWh net out-
put (including all energy losses) for
a typical mix of operations.

Agricultural machinery contrib-
utes with 0.75% to the German CO,
emissions [4]. Striving for further
reductions, the related industry ini-
tiated the research project EKoTech
— Efficient fuel use in agricultural
technology. It was funded by the
German Ministry of Agriculture
(2016-2019) and carried out in a co-
operation of leading companies and
research institutions [6, 2]. Respect-
ing the already high machinery ef-
ficiencies, EKoTech concentrated on
machinery production chains.

Substantial potential of savings
was, for example, found by combin-
ing processes.

Agricultural Structure and
Production in Germany

Statistics on the German agricul-
ture are published in [4, 5], figures
on EU in [11]. 51% of the surface
of Germany is used for agriculture
(16.7 mill. ha), among which 70.6%
is arable land. 28.2% is permanent
grassland and 1.2% permanent
crops (forests excluded). Wheat is
the main cereal (3.1 mill. ha) with
an average yield of 8 tons per hect-
are (2018). Corn is also important,
mainly as green silage feeding cattle
and biogas power plants. Other
important crops are rape seed, po-
tatoes and sugar beets. Rice, cotton
and sugar cane are not produced in
Germany but there are first steps of

growing soybeans due to the climate
change.

About 10% of the total farmland
was used for organic production in
2019 — with a slightly increasing
trend, supported by the government.
Milk production per cow is about
8000 kg per year as an average
(2019). A certain over production
results in very low prices, 0.337 €
(0.37 US$) per kg in 2019 as an av-
erage; however, 35-40% higher for
organic milk with increasing market
shares and profits. The average Ger-
man dairy farm has 67 cows (2019),
still slightly increasing.

The total number of farms (> 5
ha) has decreased over the decades
to about 266.000 in 2019 along with
increased farms sizes, and as much
as 58.5% rented farmland. The
average size in Germany is about
65 ha (2019) — lower in the west-
ern regions, higher in the eastern
part. About half of all are part-time
farms. Turn over of the German
Agriculture (including forestry and
fisheries) was 53.2 bill. € (58.5 bill.
US $) in 2018 (12.2% of EU). Direct
EU subsidies were 4.8 bill. € (5.3
bill. US $) in 2018.

The German agriculture is highly
mechanized. Average capital in-
vestment for one employee is about
600,000 € (660,000 US $), mainly
for machinery. Only 1.4% of the
working population is still engaged
in agriculture contributing about 1%

to the gross value added. Contract-
ing and co-operating are important
economic factors.

Digital Agriculture Versus
Industry 4.0

Industry 4.0 addresses digitaliza-
tion and automation of production
systems within the entire German
industry. The term was created in
2011. Large research programs and
investments supported meanwhile
an accellerated broad digitalization.

Modern German agriculture can
be seen as a certain forerunner of
Industry 4.0 with first important
steps more than 30 years ago [1,
10]. Automation of agricultural
machinery with digital network-
ing via ISOBUS and GPS is reality.
Productivity, sustainability, health,
safety and comfort have been be
improved. Replacing open loop
controls by closed loop controls [10]
required high investments for new
components such as electronically
controlled diesel engines, continu-
ously variable automatic transmis-
sions (CVTs), electro-hydraulics,
drive by wire steering systems, new
4WD systems, improved auxiliary
components, continuously variable
electric motors etc.

Fig. 1 demonstrates some figures
about the practical acceptance of
digitalization and automation, based

Fig. 1 Votes of 500 farmers regarding digitalization in agriculture (after [7])
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on a questionnaire among 500 farm-
ers [7].

In addition, very high invest-
ments have been applied for diesel
engines to meet the step-by-step
tightened EU regulations on exhaust
emissions: NO, and particles were
reduced by more than 95% by EU
stages I-1V within the period 1999-
2014.

Typical Remaining Prob-
lems of German Farmers

Farmers suffer under some EU
regulations, regarding reduced fer-
tilizing, restricted slurry handling,
reduced chemicals for plant protec-
tion, restrictions for field use and
tightened conditions of live stock
farming. Revenues of their products
are low as based on world market
levels. Introduced strict EU health
and safety regulations have been
often not popular with their (forced)
introduction but are gradually ac-
cepted as they reduced accidents,
violations and the number of killed
farmers considerably [10]. Future
research and co-operation can help
to look for reasonable goals of EU
politics and governmental acts.

German Agricultural Ma-
chinery Industry

According to statistics of the
German Machinery Industry As-
sociation (VDMA), turnover of the
German industry for tractors and all
other agricultural machinery was
about 8.5 bill. EURO (9.4 bill. US
$) in 2019 with about 4 bill. EURO
(4.1 bill. US $) for tractors (exclud-
ing CLAAS tractors, which are pro-
duced in France). Export rate is very
high, was 76% in 2019.

Germany is No. 1 in sales on the
world market since many years,
leading in technology for tractors
and many other kinds of machinery.
The secret is the flexible structure of
small and medium sized enterprises

(SMEs), most of them private, and
other larger family owned compa-
nies: Reacting fast on new market
demands, have close co-operations
with research institutions, employ
high-level skilled workers and well-
educated agricultural engineers not
only from agricultural faculties but
also from mechanical engineering
faculties. Covid-19 will reduce the
turnover of the German industry in
2020 but there is a high motivation
to limit the losses by flexibility, new
ideas, accelerated digitalization and
political support.
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Development Trend "Digital Agriculture” from a

German Perspective

Congratulations to AMA for 50
years of success! All the best for the
future of this exciting journal de-
scribing, analyzing, and supporting
worldwide improvements of agricul-
tural mechanization in developing
countries. This article will give a
view on a major trend in an highly
industrialized country!

General Conditions

Europe, or more precisely the
European Union, has been in a per-
manent crisis over the last 10 years.
Specific fields of problems have
been the financial crisis, the refugee
crisis and the Brexit. This year, the
Covid-19 pandemic was added to
these. In view of these “problem
mountains”, the EU has long only
been able to react rather than act.
The new Commission President,
Ursula von der Leyen, is trying to
change this and is taking the reins
of action. With the Green Deal, she
wants to make the EU a global role
model or pioneer in climate protec-
tion and general sustainability. The
political and social discussions show
that agriculture has a special role
to play in sustainability. The issue
of sustainability will influence the
work of agricultural engineers over
the entire next decade.

Based on the Kyoto Protocol of

by
Peter Pickel
Prof. Dr.

Innovation Center, Kaiserslautern

Agricultural Engineering (VDI-MEG)
GERMAN

1997 and the Paris Agreement of
2015, the German government has
created a coherent legal system
in the years 2016 to 2019, which
obliges Germany to reduce its an-
nual CO, equivalent emissions by
55% by 2030 compared to 1990 and
to strive for CO, neutrality in 2050.
For agriculture, this means that an-
nual CO, emissions must be reduced
by 17% between 2017 and 2030. On
the one hand, Germany is relying
on regulatory measures and, on the
other hand, CO, pricing will be in-
troduced starting from 2021, what
shall promote the market for CO,-
reducing technologies. It is to be ex-
pected that national climate protec-
tion plans and laws will have to be
revised (i.e. tightened up) again in
the course of the European Union’s
Green Deal activities.

However, the sustainability de-
bate is not only about greenhouse
gas emissions. Other aspects are the
preservation of natural biodiver-
sity, the management of permanent
structural change in rural areas, the
safety and quality of food, its trace-
ability or the transparency of food
production and the guarantee of a
fair income for farmers.

Some years ago, the European ag-
ricultural machinery manufacturers,
through their umbrella organisation
CEMA, committed themselves to a
guiding principle or a guiding task

John Deere GmbH & Co. KG European Technology

Chairman of the German Max-Eyth-Society for

[1]: “Producing more with less”! In
other words: Increasing yields and
farmers’ incomes with less input. To
follow this principle is an impera-
tive of our time from an economic,
ecological and social perspective.
CEMA “draws” a four-pillar model
for increasing the climate friendli-
ness of future agricultural technol-
ogy. The four pillars are:

1. increase in machine efficiency

2. improving agricultural process-

es and process management
3. optimizing the behavior of ma-
chine users

4. use of renewable energy

A particularly high impact is at-
tributed to the second pillar — im-
proved agricultural processes and
process management. Especially
precision farming and highly auto-
mated machine systems are carrier
of hope in this second pillar. Such
highly automated systems are often
also described with terms such as
Smart Farming Systems or Agricul-
ture 4.0.

Definition of Digital
Transformation in the
Agricultural Sector

Our time is shaped by fashion,
with keywords or “buzzwords” to
throw around. Popular buzzwords
include Industry 4.0, Internet of
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Things, Internet of Services, Big
Data, Cyber-physical Systems,
Smart Farming, Digital Transforma-
tion and of course Agriculture 4.0,
which is of course a variation of In-
dustry 4.0.

The above mentioned keywords
essentially shape the response of ag-
ricultural engineers to the challeng-
es of achieving the Sustainability
Development Goals (SDGs). In fact,
progress is taking place on several
levels and areas — amongst these
technology progresses are gained:

1. through incremental improve-

ments

2. by introducing precision farm-

ing technologies

3. through comprehensive intro-

duction of Agriculture 4.0

The first point is a permanent task
for engineers! But what exactly is
Precision Farming (PF)? PF can best
be defined as a vision: The vision
of Precision Farming is to use the
most precise control and regulation
technologies to supply each plant in-
dividually with water, nutrients and
plant protection measures in the best
possible way, i.e. with optimal (or
minimal) inputs but so that the yield
reaches an economic optimum.

We approach this high level of
precision of the actuators in two
ways:

First, through high-precision po-
sitioning technology (“controlled
positioning”) (Fig. 1). In this way,

we can already perform sowing
so precisely in some crops that we
know exactly where the location of
which (individual) plant is. In weed
control, this means we know where
the weeds are (exactly where there
is no crop) and can control them
mechanically or chemically.

The second path is the increased
development and use of sensor-
guided methods, today increasingly
with imaging techniques and im-
age analysis based on Al methods.
Learning systems observe and ana-
lyze the plant stand. Targeted mea-
sures can be taken against herbs and
in the future certainly also against
infestation by harmful organisms.

Sensors can be carried on the agri-
cultural machines or implements but
also on drones or anywhere in the
agricultural production environment.
Even satellites deliver information
(e.g. on biomass development). An-
other example for precise actuation
based on sensing technology are
applications of Near Infrared Spec-
trometry (NIRS). First applications
were biomass detection in fertilizer
operations. Today, NIRS is com-
ing up for constituent sensing. For
example, protein content measure-
ment is already possible in grassland
harvest and the same technology
can be used for determination for
nitrogen content in slurry operation.
The latter allows for precise dosing
of Nitrogen even though slurry can

Fig. 1 Highly automated, high precision single corn seed for
maize and sugar beet corresponds autonomy level 3 acc. SAE
J3016 and allows for accuracy down to +/- 1cm

_

]

be extremely heterogenous. The N-
dosing in driving direction can be
done by pump control. An alterna-
tive way is to put pump on constant
(maximum) output and command the
driving speed from the slurry trailer
the guiding tractor via ISOBUS
class 3 mode (also known as “TIM™:
Tractor-Implement-Management).

Both paths (controlled positioning
and sensor or image based analysis)
certainly have their justification and
will probably continue to establish
themselves alongside each other.

Finally, the question arises: What
is Agriculture 4.0? Well, this fash-
ionable term is of course based on
the keyword “Industry 4.0” — also a
buzzword!

Professor Liggesmeyer from the
German Fraunhofer-Institute for Ex-
perimental Software Design defined
it this way in 2017 in an interview
in a Fraunhofer-blog [2]:

“The fourth industrial revolution
is characterized by the replacement
of mass products by mass-individu-
alized products. Companies will be
able to manufacture products tai-
lored to individual customer needs
in small batches at low cost. This
means with a similar cost structure
as in mass production. Those who
want to manufacture individually in
the future will need production fa-
cilities with certain capabilities that
are only available in parts today.
Aspects such as digitalization, net-
working, autonomy and openness
of the systems serve to realize these
capabilities.”

In agriculture, the situation is
somewhat different compared to
manufacturing. Here it is not a
question of customer-individualized
products, because the primary pro-
duction of food is usually very far
away from the end customer in the
value-added chain, so that customer
individualization is usually not im-
portant. | would therefore like to de-
fine “Agrartechnik 4.0 as follows,
based on Prof. Liggesmeyer:

The agricultural or agro-techno-
logical revolution 4.0 is character-
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ized by the replacement of mass
production by (mass-)individualized
production. Agricultural enterprises
are enabled to establish processes
tailored to the needs of the individu-
al product (i.e. in the arable farming
of plants as individuals) at low cost,
i.e. with an improved cost structure.
Anyone who wants to carry out
such individualized agriculture in
the future, focusing on the product,
will need machines, equipment and
plants with certain capabilities that
are only partially available today.
Aspects such as digitalization, net-
working, autonomy and openness of
the systems will be used to realize
these capabilities.

This is the vision of Agriculture
4.0! And: Precision Farming is part
of this Agriculture 4.0!

Core elements of Agriculture 4.0

In fact, hardly any other sector is
as far advanced in implementing the
methodological approaches of In-
dustry 4.0 as agriculture or agricul-
tural engineering. On the one hand,
this applies to stationary technical
(mostly indoor) facilities such as in
animal husbandry - here the use of
robots and networking is used more
than in any other economic sector;
on the other hand, this also increas-
ingly applies to outdoor production
(arable farming, horticulture, and
grassland) with its mobile machines,
which in terms of automation tech-
nology will become completely
vertically integrated, and the entire
process will be controlled in “the
cloud”. Production process control
will be horizontally networked with
upstream and downstream sub-pro-
cesses on the farm and along the en-
tire value chain of food production
from seed producers to retailers and
thus to the end consumer, whereby
all sub-processes can be managed or
supported by external information
and consulting services.

Six core elements are characteris-
tic of Agriculture 4.0:

1. the Farm Management Informa-
tion Systems (FMIS), which are
already widely available today,

will further develop into Farm
Management Systems (FMS). In
other words, “Decision Support”
systems will make decisions on
production processes as far as
possible autonomously or inde-
pendently from direct human con-
trol. Agricultural processes will
no longer be controlled individu-
ally, but as an integrated produc-
tion system similar to an Industry
4.0 production facility (Fig. 2).
The FMS can also be described
abstractly as process control lev-
els.

2. All production processes and
details are comprehensively
documented, and the collected in-
formation becomes part of a net-
worked or meshed (food) produc-
tion. One could call this “meshed
production”. The upstream and
downstream sectors will of course
be involved in the information
chains in the same way as pri-
mary agricultural production.

3. suppliers of agricultural inputs
(chemicals, seeds, etc.) might
change their products or services.
Take crop protection as an exam-
ple: more results or successes will
probably be sold instead of spray
agents. This may include success
insurances or similar services.

4. 5G communication standards,
which will soon emerge step by
step, will allow high bandwidth
and/or low latency communica-

tion in cellular sub-networks. This
will enable highly dynamic con-
trol of machines from the cloud.

5. the (agricultural) machines of the
future are highly automated and
probably in many cases driverless
(autonomously operated).

6. the process chains will be eco-
nomically optimized with the help
of prediction models (e.g. based
on “digital twins”).

Conclusions

In summary, it can be said that
machine and production processes
are coordinated in the cloud. Man
will then manage and monitor a
complex multi-machine process and
only intervene when necessary.

The production processes will be
documented automatically through-
out, so that a customer-oriented
quality assurance is achieved. It
is not yet possible to predict when
exactly this future will take place.
However, if you look at the inno-
vations at agricultural machinery
fairs, you can already find pieces of
the puzzle of digital, sustainable ag-
riculture. In any case, the trend to-
wards digital agriculture is a model
for other sectors of the economy -
including raw material extraction!
In Germany and most parts of the
European Union the digital trans-
formation of agriculture is seen as

Fig. 2 The automation pyramid of agricultural production with autonomous, mobile
agricultural machines in a closed process management circle (ERP/FRP: enterprise/
farm resource planning, MES/AES: manufacturing/agricultural execution system)

Cloud &
External “Sensor”-
Systems
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the key enabler to achieve a higher
level of sustainability through mini-
mizing inputs, maximizing yields
and farmers’ income, and others.
The digital management of produc-
tion shall finally lead to a circular
agricultural economy. Thus, digi-
talization of agriculture is seen in
Europe as a key enabler to achieve
SDG 9 (Sustainable Development
Goal “Sustainable Agricultural
Mechanization and General Indus-
trialization”) of the United Nations
declared in 2016. Agriculture in
Germany is becoming “smart” and
with this agricultural engineering is

becoming smart agricultural engi-
neering [3]!
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Mechanization of Agriculture in Germany

Structure of Agriculture
and Crop Production in
Germany

Agriculture in Germany is char-
acterized by 16.6 million ha of ar-
able land and the most cultivated
crop is wheat. All together cereals
are grown on more than 8 million ha
and the average acreage is 66.3 ha
for farms > 5 ha (2016). 57% of the
farms cultivate more than 100 ha.
Other dominating crops are rape,
and row crops as maize, sugar beet
and potatoes (see Table 1). A major
trend is the reduction of number of
farms and increasing acreage per
farm unit driving the up-sizing Ag
machines (see Table 2). A similar
impact on mechanization of agri-
culture in Germany comes from
decreasing labor force employed on
farms. Since reunification in 1990
the number of humans working in
agriculture dropped by 45%. Cur-
rently 50% of the labor force in
agriculture is farm owners and their
family members. (BMEL, 2020)

Unique in Europe is the organiza-
tion of machinery mission by “Mas-

Table 1 Shares of main crop/cultivation
groups, holdings > 5 ha (BMEL, 2020)

by
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chinenringe” of which there are 251
in Germany and additionally 5,850
contractors are part of the farm
mechanization (BMEL, 2020).

Production value of agriculture
in 2018 of agriculture accounted to
52,731 million — whereas 48% origi-
nated from arable and 52% from
livestock farming. This profile de-
fines the market for agricultural ma-
chinery and is a request for mecha-
nization of field operations. (BMEL,
2020)

Evolution of Mechaniza-
tion

Mechanization as substitution of
manual labor by physical tools is
a characteristically identification
of human culture. However, the
handling of processes by machines
started in agriculture only two
hundred years ago. Threshing of
cereal crop, as it is executed today
worldwide by combines, started in
Germany in the 1950™. The machine
concept and design were already
known from the United States. But
these combines did not fit to the
existing farms in Germany at that

time, with small acreage and lag of
propulsion technology like later on
the omnipresent internal combus-
tion engines. The combines in the
first years were driven and trailed
by tractors; it very rapidly became a
revenue for agricultural machinery
manufactures.

The subsequent evolution was
characterized by extending the ca-
pacity of agricultural machinery.
Nearly every implement and ma-
chine were enlarged in size, power
and mass in the 20" century. This
trend is still ongoing and is in ques-
tion because of the high wheel load
in field traffic. The entire profession-
al community and the politicians
claim with an increasing extend at
a disruptive change in agricultural
practice not only for environmental
aspects, energy saving but request a
substitution of big machines work-
ing in the fields which seems to the
majority of the society as not ad-
equate for a sustainable agricultural
practice.

Engineering already reflects these
societal demands by improving the
machine operations with electronics
and sensors to make the technology
more efficient and more precise. Pre-

Type of crop Share of acreage, Table 2 Evolution of farm structure of agricultural, on arable land, holdings > 5 ha,
% (BMEL, 2015, 2020)
Eg;g?rs crops 24212 Year Number of farms Arable farm land, ha Acreha;gg e;;eurnfiz:rm,
Commodities 11.1 1999 354,333 16,854,600 47.6
Row crops 5.7 2010 271,783 16,650,000 61.3
\egetables 1.2 2016 251,311 16,616,900 66.3
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cision farming, smart farming and
robot farming as emerging technol-
ogy driven by engineers with deep
knowledge in agricultural processes
and crop farming enhance the effi-
ciency of machinery operations. Be-
ginning with the availability of the
GNNS system, mobile computers
and mobile telephones, progress in
farm technology is trigged by elec-
tronics and digital communication.

Since the 1980s agriculture is
fully mechanized and farmers invest
predominantly for tractors followed
by combines, tillage and other
implements (see Table 1). As the
yield is steadily increasing trans-
port of agricultural goods in a short
distance range has become a major
mission of tractors.

State of Mechanization in
Agriculture in Germany

Part of mechanization of agricul-
ture is the production of agricultural
machinery. In Germany, there is a
traditionally strong industry produc-
ing technical equipment for agricul-
ture. As compared to entire machin-
ery production, agricultural machin-
ery had a share of 3.8% (2000) and
5% (2014) in Germany. The agricul-
tural machinery manufacturers suc-

cessfully extended the production in
the last two decades as can be seen
from Table 3. The value of the total
Ag-machinery production was in
2000 3,504 million €, in 2010 5,485
million € and in 2019 7,686 million
€. Exports accounted for the greater
part of this growth. Sales revenues
of tractors increased by 92.5% from
2000 to 2010 and sales revenues of
agricultural machinery by 74.7%.
The growth of turnover is origi-
nated stronger from exports than
from the domestic market and more
from tractors than from agricultural
machinery. (BMEL, 2005, 2020)
The last decades are character-
ized by a strong concentration of the
sector. Small sized manufacturers
appear in the spare part and supplier
market, middle sized companies are
producing implements and diverse
technical equipment (e.g. potato and
sugar beet harvesters, trailers, till-
age implements sprayers) for crop
and livestock farming, and the full-
liner are international companies,
all of them are producing the master
machines tractors, combines, bal-
ers and choppers as well as other
harvest equipment. The entire pro-
duction of Ag machinery is listed in
Table 1, demonstrating a steadily
progress of revenues from 2002 to
2018. Major part of production is

Table 3 Agricultural machinery production in million €, (BMEL, 2005, 2020)

Year Ag- mach_inery Tracto_r, Tracto_r sales, Ag-l;naf)elgment
production production domestic/export domestic/export
2000 3,504 1,592 510/1,082 781/1,129
2010 5,485 2,765 681/2,083 891/1,828
2018 8,626 3,986 1,040/2,946 1,230/3,413

Table 4 Ag machinery revenues, 2000, 2010, 2017, market volume in million €

(BMEL, 2005, 2020)

Year 2000 2010 2017

Tractor, including second hand 1,529 1,345 1,797
Tillage implements 171 248
Sowing and planting implements 6422 170 248
Harvest machines Ag-machinery, 587 757
here of combines without 210 259
Equipment for livestock farming tractors 210 226
Transport, trailer 1912 54 90
Other machinery, including spare parts 1,275 2,135

generated by tractors by a share of
approximately 45% in the regarded
time span. From 2000 to 2017 the
ratio of export to domestic trac-
tor sells changed from 2.1 to 2.8,
this ratio shall be for other Ag-
machinery 1.4 to 2.8 indicating the
increasing shares of production for
external markets. The predominate
market for German Ag-machinery
companies is the European market,
followed by the USA, and Russia.
(BMEL, 2005, 2020)

The market for Ag-machinery in
Germany reflects the investments in
new technology by the farmers, col-
lective farms and contractors (see
Table 4). The major investments
were in the last decades on tractors
with an increasing trend. Harvest
machines represent the second im-
portant market share whereof ap-
proximately 35% are investments
for combines. The market for live-
stock farming machinery is low as
compared to other machine groups.
Need to be considered that under
harvest machines a big share is for
green fodder harvest. A remark-
able amount of money is spent for
spare parts and other machinery e.g.
implements for landscape mainte-
nance.

The tractor is still the key master
machine on farms in Germany. The
farmers spent most of their labor
time in field work on tractors and
most of the tractors are standard
type characterized by steered front
axle with smaller wheels and cabin
position in the rear. Reducing of
exhaust gas emission was a domi-
nant target of engine design in the
last decade, the Diesel engines use
conditioners (AGR/DOC/DPF/SCR
resp. DOC/SCRoF) to comply with
the EU legislation on stage V. Ex-
tension of power is still a significant
trend (standard tractor 380 kW)
with low rated engine revolution of
1700 rpm (Stirnimann and Renius,
2020). In large and medium power
tractors CVT transmissions and
front axles with spring suspension
are frequently obscured, primar-
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ily in combination with a high-end
speed of 40 km h?,

Registration of new and used
tractors has increased in the last
decades (see Table 5). Tractor units
on farms slightly decreased as new
tractors substituted more than one
old unit resulting in 5.5 tractors per
farm in 2019.

Trends and Innovations

Electrification, digitalization,
emission reduction and efficiency
increase are the dominating top-
ics in Ag engineering in the next
decade. There is a significant trend
from producing agricultural ma-
chines by long-liners and full-liners
offering a wide range of mechaniza-
tion equipment for arable land farm-
ing to smart agricultural machines,
suppliers of connected agricultural
machines. Farm management sys-
tems aim at a more efficient mission
of agricultural machines by control
and optimization of complex ag-
ricultural systems. Conventional
agricultural machines will become
a data source and sensor carrier and
they need field wireless commu-
nication-based cloud technology.
However so far only approximately
10 % of the farmers/farms use cloud
technologies. In contrast 59% of the
farmers use smartphones (Anony-
mous a, 2017). High efforts are
spent by the agricultural machinery
manufacturers to agree on stan-
dardization for machine to machine
communication. The ISOBUS stan-
dardization is ongoing and need to
be updated continuously.

Plant protection by more environ-
mentally friendly methods will have
a huge impact on the evolution of
farm technology and can satisfy the
societal requests on farming without
chemical agents. Mechanical weed-
ing is already relaunched with sup-
port of digital technologies.

A recent survey of experts re-
vealed a notable contribution of
controlled agricultural machines/
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Table 5 Tractor registrations -new and used units- and units on farms (BMEL, 2005,

2020, anonymous b, 2020)

Year 2000 | 2010 | 2017
Registration, new 23,815 32,809 29,011
Registration, used 49,987 68,951 -
Units on farms 1,584,000 1,219,861 1,368,938

robots in the western European
market for 2045, but fully autono-
mous machines are regarded to be-
come minor relevant until this time
(Anonymous c, 2020).
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The Role of Life Sciences Universities in Relation

and Strategy of Sustainable Development Goals

Abstract

The seventeen Sustainable De-
velopment Goals (SDGs) that make
up the United Nations Development
Program for the coming years set
out the basic direction of the basic
components and factors of human
society for the period up to 2030
towards sustainable development.
However, as has happened several
times in history, well-thought-out
slogans and principles will remain
mere proclamations at the top of
the pyramid of human society, un-
less they are grasped by humanity
as a whole and addressed from the
ground up in the widest possible
area of the largest possible popula-
tion. The aim of this article is to
demonstrate the possibilities that
systematic education, science and
research offer to humanity in this
direction in a system summarized in
one complex unit called the Univer-
sity of Life Sciences on the example
of the Czech University of Life Sci-
ences Prague.

Keywords: Agriculture, develop-
ment, education, engineering, food,
life quality, world

Introduction

The basic ideas, summarized in
seventeen Sustainable Development
Goals (SDGs), are very important
for the direction of scientific, re-
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search, but also pedagogical ac-
tivities of universities, scientific
societies and subsequently in ap-
plications in manufacturing compa-
nies and in real operations and life.
Undoubtedly, material support is
very important for many areas and
many countries, but without educa-
tion and the involvement of science
and research, the proper results
cannot be achieved. The focus of
scientific work and the preparation
of the young generation for solv-
ing the global problems of human
society are the basic preconditions
for their solution and successful
management. It is already clear that
universities will have an increas-
ingly strong position in this respect,
providing a comprehensive educa-
tion that includes as many factors as
possible involved in addressing the
seventeen goals.

Materials and Methods

This article will try to show on
the example of the Czech University
of Life Sciences Prague (CULS)
how the University of Life Sciences
contributes to the solution of the
Seventeen Goals of Sustainable De-
velopment. The Czech University
of Life Sciences Prague is an active
member of Euro-league for Life Sci-
ences (ELLS) which is a network
that consists of seven European
member universities and three non-

Czech University of Life Sciences Prague,

European partner universities. In
addition to the Czech University
of Life Sciences Prague the other
ELLS member universities are: Uni-
versity of Natural Resources and
Life Sciences, Vienna; University
of Copenhagen, Faculty of Science;
Swedish University of Agricultural
Sciences; University of Hohenheim;
Wageningen University and Re-
search Centre and Warsaw Univer-
sity of Life Sciences.

ELLS Partner Universities which
play very important role in ELLS
development are: Cornell Univer-
sity, College of Agriculture and Life
Sciences; China Agricultural Uni-
versity, Beijing; Hebrew University
of Jerusalem, Robert H. Smith Fac-
ulty of Agriculture, Food and En-
vironment; and Lincoln University,
New Zealand.

Very important ideas which also
creates the theoretical background
of this article are summary ideas
discussed by many members of
the Club of Bologna in their Meet-
ings during more than 30 years and
presented in Meetings Proceedings
(1989-2019).

Results and Discussion

The CULS Prague and generally
studies of life sciences in the Czech
lands have a more than hundred
years tradition. The first faculty
of Agriculture was established at

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 77



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

the Czech technical University in
Prague as early as 1906. Currently
the Czech University of Life Sci-
ences Prague has more than 18 000
students (10% are international
students), studying in more than
170 accredited study programmes at
BSc, MSc and PhD levels (in 9 BSc,
20 MSc and 18 PhD programmes
the language of instruction is Eng-
lish).

The whole academic community
consists from six Faculties and one
Institute: Faculty of Agrobiology,
Food and Natural Resources; Facul-
ty of Economics and Management;
Faculty of Engineering; Faculty of
Environmental Sciences; Faculty of
Forestry and Wood Sciences; Fac-
ulty of Tropical AgriSciences; and
Institute of Education and Commu-
nication.

The scientific, research and peda-
gogical activities of the individual
faculties complement each other
and thus create a comprehensive
background for the fulfilment of the
seventeen goals of the SDGs. The
overview shows the importance of
technology for the development and
solution of the following seventeen
goals of SDGs and emphasizes the
important position of the Faculty of
Engineering, which in some areas,
thanks to the deep theoretical back-
ground necessary for the develop-
ment of technology, forms the basis
for achieving the following goals.

Eradicating Poverty in the World
as a Goal 1: No Poverty “End pov-
erty in all its forms everywhere.” is
a fundamental, global task, and oth-
er related goals are closely related
to it. It is a relatively easy to mea-
sure goal, as a minimum income
per person per day can be used as a
criterion to assess it, but the efforts
of many sectors of the economy
are needed to achieve it. Raising
the standard of living of all people,
families, even in the poorest states,
requires radical interventions in the
economy and socio-economic struc-
ture in these states, as well as co-
operation with developed countries

aimed at solving this task. In this
context, it is an indisputable advan-
tage that the Faculty of Engineering
is a part of the CULS, which covers
the main branches of Life Sciences.
The development of agriculture, the
development of industries in areas
corresponding to local conditions,
the efficient sourcing and use of
available raw materials for the ben-
efit of the local population leads to
an increase in people’s employment,
and thus to a regular income.

Humanism, a high standard of
living for all workers and the provi-
sion of basic needs for normal life
as well as for the sick and disabled
are the subject of Goal 10: Reduc-
ing inequalities “Reduce income
inequality within and among coun-
tries”, as seen by students from less
developed countries in Africa, Asia
and Latin America during their
studies in the Czech Republic. A
good example of the peace policy
development them is that the Czech
Republic has never threatened other
states, never owned or exploited
colonies. This also reliably fulfils
Goal 10: Reducing inequalities “Re-
duce income inequality within and
among countries.”

Agriculture is still the largest
source of income and jobs for poor
rural households. Ensuring enough
food for an ever-growing number of
people in the world is only possible
through the development of agricul-
ture. It is bad that the area of agri-
cultural land is constantly declining
at present. That’s why Goal 2 is:
Zero hunger “End hunger, achieve
food security and improved nutri-
tion, and promote sustainable agri-
culture”. The principal questions of
land management and land-use poli-
cy are solved by specialists from the
Faculty of Ecology (e.g. Sklenicka
et al., 2020). Although the world’s
total food production is sufficient,
one in nine people in the world still
suffers from malnutrition. The vast
majority of starving people live in
developing countries (especially in
Asia and Africa), where they also

have the largest increase in popula-
tion. At the same time, children and
adolescents are most at risk, malnu-
trition is responsible for the deaths
of almost half of children under the
age of five, and tens of millions of
children around the world routinely
go hungry to schools.

Most of the food consumed in the
world comes from small farms. In-
vestment in small-scale agriculture
is thus beneficial for developing
countries, not only in terms of sup-
porting jobs, but also in terms of
improving the nutrition of the popu-
lation and averting famine. Thus,
despite the significant progress
made in the past with the contribu-
tion of the international community,
the current situation is very serious.
Experience from developed coun-
tries shows that the production of
basic types of food, such as cereals,
can be provided much more effi-
ciently on large farms, with efficient
and effective technology. A com-
parison of the different intensity of
food production between developed
and developing countries shows that
the development of food production,
i.e. the development of agriculture
in terms of quantity and quality,
will not be possible without the
transfer of scientific knowledge into
agricultural practice (e.g. Jelinek
et al. 2019). The use of agricultural
machinery plays a key role here.
Achieving this “Goal 2” is therefore
one of the key tasks and the role of
Universities of Life Sciences is ir-
replaceable.

Achieving Goals 1 and 2 is very
closely linked to sustainable, in-
clusive and sustainable economic
growth, which is the content of
Goal 8: Decent work and economic
growth “Promote sustainable, in-
clusive and sustainable economic
growth, full and productive em-
ployment and decent work for all.”
The second part of this goal is also
important. The economic growth
of a company should be directed
permanently towards the welfare
of society, but it is necessary to pay
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attention to its form and working
conditions. It should be noted that
the Czech Republic is one of the
countries with the lowest unemploy-
ment in the world. Graduates of the
Faculty of Engineering always find
a good and interesting job and have
no problems with unemployment.
The curriculum at CULS and other
Universities of Life Sciences also
includes the study of sociology, er-
gonomics, work environment tech-
nology and occupational safety. In
many countries, especially develop-
ing countries, these aspects are not
yet sufficiently respected and put
into practice.

Human beings have the right to
a healthy and productive life that is
in harmony with nature. Therefore,
it is listed as Goal 3: Good health
and well-being for people “Ensure
healthy lives and promote well-
being for all at all ages.” Health is a
condition of a happy life for every
individual, but not only that. How
the health of man, but also of broad
sections of the human population is
related to the economic side of life
and the prosperity of human society
will be best manifested in crisis
situations. Humanity is now experi-
encing this situation at the moment.
The deep-seated pandemic caused
by coronavirus COVID 19 has
harmed life around the world in both
developed and developing countries
without exception, since early 2020.
Virology specialists at Universi-
ties of Life Sciences are involved in
identifying, diagnosing and finding
treatment options for these diseases,
in accordance with Goal 3. E.g.
the new CULS research centre in
Prague will focus on the transmis-
sion of COVID-19 and other infec-
tious diseases between animals and
humans (Currently Covid-19, 2020).
The difference is in how govern-
ments in different countries can take
responsibility and address situations
beyond the reach of the individual.
Systematic and minimizing the
consequences for the population in
terms of health impacts, but also

economic is a certain indicator that
has made visible the readiness and
ability of the leadership of states
and their populations to deal with
crisis situations in various countries
around the world.

Goal 4: Quality education “Ensure
inclusive and equitable quality edu-
cation and promote lifelong learning
opportunities for all” is quantita-
tively fulfilled in many countries,
but the focus and quality of educa-
tion is debatable. The percentage
of people who have at least a basic
education in the world is slowly but
surely increasing. The share of high
school and university graduates is
also increasing.

However, the focus of the study
and the possibility of application
after the study remain problematic.
The basic qualifications needed for
the population in developing coun-
tries must provide education that
they can apply in the necessary pro-
fessions, which are qualified work-
ers in technical professions, crafts-
men, repairers ensuring a quality
maintenance system. These profes-
sions are lacking in many countries,
and yet they are the basis of the func-
tion and development of industry
and agriculture (Zewdie et al., 2015)
The education and training of these
employees cannot be ensured by
the University’s humanities, such as
philosophy, political science, sociol-
ogy, or by deeply specialized educa-
tion in other academic fields, for the
further development and research of
which they are not in development
conditions or employment. Edu-
cated people from these fields are
aware of many problems in society.
However, the narrow focus of these
non-technical fields does not give
graduates enough information to
solve these fundamental and practi-
cal problems in often complex situa-
tions, especially in developing coun-
tries. Preparatory studies at general
secondary schools, such as various
grammar schools and lyceums, are
also insufficient, after which some
young people may be able to study

at universities, but most are unable
to find practical employment in the
necessary professions.

From this point of view, it is
therefore necessary to develop a
practice-oriented study, which is
provided in many fields, especially
at the University of Life Sciences.
The graduates of these universities
collectively represent an educated
group of the population, which has
the prerequisites and education not
only to analyse problems, but also
to successfully solve them in the
demanding conditions of contempo-
rary unbalanced human society. It
would be desirable for graduates of
Universities of Life Sciences to be
more involved in state governance
and international policy solutions.
It is gratifying that some CULS
Prague graduates are active in high
state governmental, diplomatic and
international positions.

In addition to the classic three-
level education (Bc., M.Sc. Ph.D)) in
many accredited fields, the educa-
tion system complements Lifelong
Learning, which takes place in full-
time or part-time form of study, as
specialized, retraining, extension,
supplementary education. Courses,
professional camps, educational
cycles, seminars, lecture cycles, etc.
take place on the premises of the
university or in distance learning
centres.

Equality between men and women
should be evident not only in rights
and responsibilities, but also in op-
portunities for the adequate devel-
opment of each person’s personal
potential writes in Goal 5: Gender
equality “Achieve gender equality
and empower all women and girls.”
The problem of developing coun-
tries is mainly in the smaller share
of girls who achieve at least basic
education and in the possibility of
their further employment in the
labour market. The example of the
Czech Republic shows that the share
of girls among university students is
growing. According to the Review
for social policy and research (2019)
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women have long accounted for
more than half of the students (56%)
and graduates (60%) of universities
in the Czech Republic. Last year,
almost 168,000 women studied at
universities.

In addition to food, water is a
basic condition of life and an irre-
placeable need of humanity. Goal 6:
Clean water and sanitation “Ensure
availability and sustainable manage-
ment of water and sanitation for all”
is an important area of study and
research at all Universities of Life
Sciences. The uneven distribution
of water in individual parts of the
globe and continents is mainly due
to climatic conditions. The water
cycle in nature works seemingly
without human influence, however,
humanity can systematically inter-
fere with the distribution of water
and achieve better use.

The study of fields focused on
the environment includes as a very
important part of the study and re-
search activities the issue of water
management in terms of finding
resources, water management in the
landscape in connection with agri-
cultural production and water sup-
ply and its use for urban consump-
tion and industry. This issue is part
of the study at faculties and depart-
ments focused on the environment,
agrobiology and technology within
the Universities of Life Sciences
(e.g. by Hu et al., 2019, Markonis
et al., 2019), especially focusing on
the global problems of water cycles,
movement of water in the soil, de-
sign of irrigation systems and design
of land reclamation equipment for
drainage, construction and design of
pumping stations for irrigation and
water supply. In recent years, re-
search experience in these areas has
been used both in the conditions of
developing countries suffering from
permanent water scarcity and in
Central European conditions, which
is also related to climate change,
which is reflected in water scarcity
and inequality in some periods and
areas.

With the development of modern
human society, energy consump-
tion is also growing enormously.
At the same time, traditional fos-
sil resources (oil, natural gas and
coal) are declining radically, and
their combustion in various forms
of consumption usually also results
in environmental pollution. The
unequal distribution of reserves of
this natural wealth in the world also
leads to international conflicts and,
under various pretexts, sometimes
to war conflicts. Goal 7: Affordable
and clean energy “Ensure access to
affordable, reliable, sustainable and
modern energy for all” is therefore
one of the important goals.

The combination of agro-
biological and technical sciences
is constantly going to better and
more efficient use of land not only
for food production, but also for the
production of energy crops. Labora-
tories of the Faculty of Engineering
in CULS Prague are testing new
generation fuels for various types
of internal combustion engines (e.g.
Zeman et al., 2019). Other important
research activities are focused on
the development of more efficient
photovoltaic cells (e.g. Beranek et
al., 2018), solar collectors and the
construction of a new, more efficient
water turbine (e.g. Polak, 2018).
The development and research of
the construction of agricultural and
food machines is focused not only
on improving, optimizing and auto-
mating the operation of this technol-
ogy, but also on reducing energy
consumption (e.g. Kic and Zajicek,
2015).

Teaching the population to man-
age energy properly is a necessary
condition for reducing its consump-
tion. A large area in this direction
is Heating, Ventilation and Air-
conditioning (HVAC), affecting the
population in countries with cold
climates (energy savings for heat-
ing), as well as hot climates (energy
savings for AC), industry and agri-
culture (need for intensive ventila-
tion and in many cases HVAC). The

future can also be found in “passive
air conditioning”, the principles of
which include the use of shading by
tree greenery in cities, the construc-
tion of “green roofs” with suitable
plants and the use of water areas,
(e.g. Cao and Kic, 2019). Mainly
Faculty of Engineering, Faculty of
Agrobiology, Food and Natural Re-
sources and Faculty of Environmen-
tal Sciences are the leaders of these
research activities included in Goal
11: Sustainable cities and communi-
ties “Make cities and human settle-
ments inclusive, safe, resilient, and
sustainable.”

Technically oriented Departments
of CULS focused on planning and
optimization of industrial zones,
distribution and transport networks
and other infrastructures are guar-
antors of teaching in areas corre-
sponding to Goal 9: Industry, In-
novation, and Infrastructure “Build
resilient infrastructure, promote
inclusive and sustainable industri-
alization, and foster innovation.”
However, human society must focus
not only on the constant increase
in production, but also on the bal-
ance between other sectors such as
services for the population and, for
example, the issue of waste treat-
ment. Human society is constantly
producing more and more waste
(organic, inorganic and liquid) that
needs to be consistently collected,
sorted and treated, such as recycled.
Each Faculty at CULS teaches a
field of study focused on this issue,
incorporated into Goal 12: Respon-
sible consumption and production
“Ensure sustainable consumption
and production patterns.”

A very important area of research
activities and educational processes,
especially with a direct impact on
the practice and life of the popula-
tion is Goal 13: Climate action
“Take urgent action to combat
climate change and its impacts by
regulating emissions and promoting
developments in renewable energy.”
The quality of the environment, es-
pecially the air, is analysed in terms
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of reducing pollution, e.g. transport
and energy means, technological
processes in agriculture and indus-
try. Methods and technical solutions
for reducing the impact and effect of
pollutants in workplaces are sought.
In this context, attention is paid to
climate change and its effects (e.g.
Francova et al., 2017).

One of the basic missions of
Universities of Life Sciences is the
issue addressed in Goal 15: Life on
land “Protect, restore and promote
sustainable use of terrestrial ecosys-
tems, sustainably manage forests,
combat desertification, and halt
and reverse land degradation and
halt biodiversity loss.” Many De-
partments of CULS mainly solves
biological, ecological issues in this
extensive and fundamental issue
(e.g. Mikolas et al., 2019). However,
quality technical support, respecting
all the requirements of ecologists,
is very important for sustainable
management. Thanks to the Faculty
of Engineering and the cooperating
departments of other CULS facul-
ties, the development of precision
agriculture is becoming not only an
important area of research, but also
a common practice in many agricul-
tural enterprises with intensive pro-
duction (e.g. Kroulik et al., 2018).

Universities all over the world are
a form of vanguard of society and,
in addition to professional subjects
and scientific disciplines, they also
teach young people how to work
together and get to know human
society abroad. CULS in Prague
has a large number of contracts with
many Universities around the world.
All faculties have several fields of
study that are taught in English
and the publishing activity is also
predominantly in English. Many
students, as well as teachers, study
or work in foreign universities as
part of cooperation, and vice versa,
more and more foreign students are
studying at the CULS.

This form of internationalization
and mutual acquaintance with other
students and other scientific work-

places creates preconditions for ev-
er-improving relations with foreign
countries and purposeful interna-
tional cooperation and fulfilment of
goals, which are listed under Goal
16: Peace, justice and strong institu-
tions “Promote peaceful and inclu-
sive societies for sustainable devel-
opment, provide access to justice for
all and build effective, accountable
and inclusive institutions at all lev-
els “and Goal 17: Partnerships for
the goals” Strengthen the means of
implementation and revitalize the
global partnership for sustainable
development. “

Conclusions

The current, and obviously, future
development of human society is
characterized by an ever-growing
population, a reduction in the area
of agricultural land, a loss of natural
energy resources and an overall de-
terioration of the environment. The
solution requires increasing food
production, exploring more efficient
renewable energy sources, finding
ways to improve the environment
and working together to meet all the
goals set out in 17 Sustainable De-
velopment Goals, SDGs.

The findings of this article show
that in order to fulfil these 17 Goals,
it is necessary to increase the edu-
cation of the human population and
to solve research tasks in these
areas. The example of the Czech
University of Life Sciences Prague
shows that the Universities of Life
Sciences have the prerequisites for
solving and meeting these require-
ments, which include biological,
technical, ecological and aspects
of the practical economic needs of
human society in their activities.
It will therefore be very important
to create conditions for their scien-
tific and professional activities, for
mutual cooperation between Uni-
versities of Life Sciences and other
scientific institutions and to transfer
their knowledge and ideas to all de-

veloped and developing countries of
the world.
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From the very beginning AMA,
as only worldwide available R&D
oriented journal, used to practice
charitable work, to help underdevel-
oped and developing countries in
the domain of agricultural engineer-
ing. And this, fifty years continu-
ously. Congratulations, many thanks
and best wishes for the future (Mi-
lan Martinov).

Past — Development of
Mechanization

Fifty years ago, Serbia was part
of the Socialistic Federative Repub-
lic of Yugoslavia. It is not widely
known that agricultural land was
not nationalized, like in other so-
cialistic/communistic countries, but
about 85% was owned by farmers.
However, the land property was
limited to 10 hectares. Other legal
entities were, so called, agro-indus-
trial combinates and cooperatives.

The first step, aimed to reduce
farmers’ drudgeries, was, so called,
tractorisation. At the seventies of
the former century started, based
on the Massey Ferguson license,

domestic production of tractors by
IMT factory. (Getting permission
for such arrangement for license
production was possible due to the
special status of Yugoslavia, which
was not a member of the East Euro-
pean block.) Manufacturing started
with the smallest tractor, about 30
hp (Fig. 1), and finalized with big
one, about 250 hp. Some of smallest
are still running.

Production was huge, reaching
in one year almost 46 thousand
tractors. Considerable amount was
exported, by the affordable prices,
to non-aligned countries in Asia,
Africa and South America.

The same happened with the
production of combined harvester,

Fig. 1 Smallest IMT tractor, 33 hp

mostly sold to big combinates. Few
domestic companies developed
and manufactured, for the most
significant crop, a special machine,
i.e. corn ears picker (Fig. 2). These
were used by family farms, and ears
were naturally dried. Corn cobs,
remained after threshing those were
used as a fuel, mostly for residential
heating and cooking. This harvest
technology also exists today but in
a considerably smaller volume.

Domestic industry developed and
manufactured implements for soil
tillage, seeder, crop care, etc. The
industry of agricultural machinery
played a significant role in the na-
tional economy.

Big combinates started also to

Fig. 2 Typical corn ears picker
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import contemporary machines
manufactured by reputable Euro-
pean and US companies. At the end
of the socialistic era, most of the big
combinates were supplied with up
to date agricultural machinery and
performed farming on a high level.

It could be concluded that the
supply of agricultural mechaniza-
tion was appropriate, and enabled,
in that time, profitable agricultural
production.

Current Situation

After the split of Yugoslavia,
Serbia became an independent
state. From point of view of agri-
culture, it was only one of the new
states with sufficient agricultural
land and respective production.
Agricultural land is, accord-
ing to FAO 2012 (http://faostat.
fao.org/site/377/DesktopDefault.
aspx?PagelD=377#ancor) about 5.05
million ha, and arable land about
3.3 million ha. Agricultural produc-
tion plays a significant role in the
national economy, and continuously
creates considerable export/import
surplus.

Farm size is not limited, which
enables profitable production on
bigger plots. Some farmers are
specialized in giving high-quality
services to others, which enables
the profitable utilization of modern
machinery.

Speaking about field production
farming on small plots that become
non-profitable. For many owners of
small acreage is a financial benefit

Fig. 3 Example of locally developed and
manufactured roller crimper

to rent own land. It is more profit-
able than to perform farming with
outdated machinery. This lead
toward the growing of plots and en-
abled profitable utilization of high-
tech machinery, including environ-
ment protection effects.

The national agricultural ma-
chinery industry restructured cru-
cially. Big national companies have
disappeared, but number of small
and medium companies, SMEs,
increased. Best of them supply not
only the national market, but use to
export products, first to neighboring
countries.

The subsidies for farmers are, in
comparison with European Union
countries, on modest level. Sup-
ported are farms with less than 20
ha, young and women farmers. Pur-
chase of agricultural machinery and
equipment is also subsidized, newly
also by EU IPARD program.

Special Technologies and Machin-
ery

Beside traditional agricultural
production and machinery, R&D in-
stitutions and manufacturers, mostly
SMEs, focus on new, innovative
technologies and products. These
are using the advantage of relatively
inexpensive R&D staff, whereby,
priority is the development of low-
cost solutions.

One example is production of
special crops, typically medicinal
and aromatic, which have a sig-
nificant role in national agriculture.
This also enables to obtain higher
income on smaller acreage. The
development of special machinery
and equipment for this production is
a niche market of small companies.
This also includes machinery for
fruit and vegetable production, to-
bacco and similar. Few small com-
panies developed products which
are exported worldwide.

Typical, niche market example,
is locally developed roller crimper
(Fig. 3), aimed for processing of
mulch, e.g. cover crops, with effects
of an increase of soil organic matter

SOM, and carbon SOC. This is well
known measure for preservation of
soil fertility and other positive ef-
fects.

Renewable Energy Sources

Agriculture plays important role
in this sector. For household heat-
ing, crop redues are used covering
about 0.4 Mtoe (million tons of oil
equivalent), of total about 4 Mtoe of
primary energy consumption.

Recently, biogas is becoming a
booming sector, whereby over 90%
of substrates are coming from agri-
culture and food processing. Only
the production of transport biofuels
sector is at a low level.

National Strategy and
Visions

Serbia, as a candidate for member-
ship of European Union, should fol-
low EU policy, including that related
to agriculture sector. The newest EU
document, relevant for agriculture,
is European Green Deal, announced
in 2019, which treats biomass as a
future feedstock for diverse prod-
ucts.

National RIS3 (Research and In-
novation Smart Specialization Strat-
egy) included agriculture and food
processing in strategic sectors. This
is related to agricultural engineering
as well.

Including with previous, the most
important keywords are:

1. Sustainability, which includes
environmental, economic and
social aspects.

2. Innovation, which includes
technologies and machinery.

3. Bioeconomy, including utiliza-
tion of biomass as a feedstock
for diverse products.

4. Circular economy, i.e. circular
bioeconomy (defined in EU
document: European Environ-
ment Agency, 2018, the circular
economy and the bioeconomy
Partners in sustainability).

(Continued on page85)
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Sustainable Development of Chinese Agriculture

and Food Security

Food security is the essential basis
for economic development, social
stability, and state security. China
has a large population and lacks
arable land and water resources on
which food production depends.
With a population of nearly 1.4 bil-
lion, ensuring national food security
has always been the major national
strategy for China. China’s annual
grain consumption exceeds 700 bil-
lion kilograms, and the global annu-
al grain trade volume is 400 billion
kilograms. China can only solve the
food problem on its own. Therefore,
China has always attached impor-
tance to agricultural production and
agricultural mechanization. In 1959,
Chairman Mao Zedong proposed
“The fundamental way out for ag-
riculture lies in mechanization.”
Since the 21% century, agriculture
and agricultural mechanization in
China have enjoyed further develop-
ment and made outstanding achieve-
ments. Since 2015, grain production
has kept at more than 650 billion
kilograms for four consecutive
years, and the per capita food occu-
pancy has exceeded 450 kilograms.
In 2019, the self-sufficiency rate
of the three major grains of rice,
wheat and corn reached 98.75%,
and the monitored qualified rate of
major agricultural products reached
97.4%. China has solved the food
problem on its own, using about 8%
of the world’s arable land to solve
the food security problem of about

by
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20% of the world’s population.

These achievements are insepa-
rable from the rapid development
of China’s agricultural machinery
industry. Today, China can produce
more than 4,000 agricultural ma-
chinery products in 14 categories,
50 subcategories, and meet 90%
of China’s agricultural machinery
market demand. The country’s total
agricultural machinery power is 1
billion kilowatts. It has 190 million
units of agricultural machinery,
42.49 million agricultural machin-
ery households and service orga-
nizations nationwide, more than
50 million agricultural machinery
employees, and more than 1 bil-
lion mu of effective irrigation area
of farmland. The comprehensive
mechanization rate of the cultivation
and harvest of China’s main crops
exceeds 70%. Among them, whole
process mechanization has been ba-
sically realized for major food crops
such as rice, wheat and corn. China
has become the world’s largest ag-
ricultural machinery manufacturer
and user country, effectively lib-
erating rural labor force, ensuring
stable development of agriculture,
tapping the potential for increasing
food production, leading the im-
provement of the farming system,
and promoting the integration of
agricultural technology, cost-saving,
efficiency boosting and scale opera-
tion, thus accelerating the process of

China Association of Agricultural Machinery

agricultural modernization.

China also achieved good spill-
over effects in helping other devel-
oping countries solve the problem of
food security. China has established
agricultural technology demonstra-
tion centers, agricultural technology
test stations and promotion stations
in over 100 countries in the world,
and sent tens of thousands of agri-
cultural experts to help these coun-
tries train their agricultural engi-
neers, making great contributions to
global food security and agriculture
development of the world.

However, compared with devel-
oped countries, there are still many
problems in the development of
agriculture and agricultural mecha-
nization in China. For example, the
mechanization level of cash crop
planting, animal husbandry, fishery
industry, pre-processing of agro-
products and facility agriculture is
very low. The mechanization level
in the hilly and mountainous areas
in southeast China is still very low.
Single-unit agricultural machinery
is relatively small, and agricultural
production scale is also small. The
agriculture industrial structure is
not so reasonable with low efficien-
cy and quality.

At present, all kinds of unex-
pected factors, such as the Covid-19
pandemic and extreme weather have
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brought about more uncertainties
to the global agricultural produc-
tion and given rise to people’s wor-
ries about global food shortage. In
September 2015, the United Nations
Conference on Sustainable Devel-
opment adopted the 2030 Agenda
for Sustainable Development, which
covers 17 development goals in ar-
eas of people’s livelihood, environ-
ment, economy, ecology, and agri-
culture. In September 2016, China
released national plan for the imple-
mentation of the “2030 Agenda for
Sustainable Development”, which
reviewed China’s achievements and
experiences in implementing the
Millennium Development Goals,
analyzed the opportunities and

challenges faced in advancing the
implementation of the Sustainable
Development Agenda, and clarified
the guiding ideology, general prin-
ciples and implementation path of
China’s implementation work, and
elaborated on China’s specific plan
for implementing 17 sustainable
development goals and 169 specific
goals in the future, and proposed the
explicit requirements for the imple-
mentation of “eliminating hunger
and achieving food security”.

China’s agricultural production
system is undergoing historic chang-
es. Increasing food production will
rely more on technological progress
rather than resource input. Cur-

rently, soil improvement, water con-
sumption reduction, and fertilizer
and pesticide application are being
controlled; land transfer is being ac-
celerated to build large-scale modern
farms, and scale planting efficiency
will be further improved. China’s
agricultural machinery is develop-
ing toward automation, intelligence,
environmental protection and sus-
tainability, and precision agriculture
can further increase the grain output
of China. China is confident and
capable of solving the food problem
of 1.4 billion people, and will con-
tribute to the “China Plan” for world
food security.

L L}

(Continued from page83)

Serbian Agriculture, Agricultural Engineering - Past and Future

Most research and development
efforts are oriented toward listed as-
pects and objectives. One example
is the ongoing S3 Cluster project,
part of Danube Region Programme
of EU.

UNO Sustainable Development
Goals

Practically, all EU and national
strategies are sound with UNO 2030
Agenda for Sustainable Develop-
ment Goals (SDG).

FAO stated following strategic
objectives (publication F40 and the
17 Sustainable Development Goals,
2016):

1. Help eliminate hunger, food in-

security and malnutrition.

2. Make agriculture, forestry and
fisheries more productive and
sustainable.

3. Reduce rural poverty.

4. Enable inclusive and efficient
agricultural and food systems.

5. Increase the resilience of liveli-

hoods to threats and crises.
Including with this, out of 17
SDGs are tackled following: 1, 2, 6,
7,12, 13, 14, and 15. Serbia, i.e. Ser-
bian agriculture, can contribute the
following SDGs:

2. End hunger, achieve food secu-
rity and improved nutrition and
promote sustainable agriculture.
Increase of productivity, food
safety and quality.

7. Ensure access to affordable, re-

liable, sustainable and modern
energy for all.
Biomass: two third of this com-
ing from agriculture, making
over 60 % of renewable ener-
gies potential in the country.
Recently, the utilization of agri-
cultural products and by prod-
ucts is focused for non-food
goods and bioeconomy.

12. Ensure sustainable consump-
tion and production patterns.
This goal is under development,
mostly by supporting circular

economy.
13. Take urgent action to combat
climate change and its impacts.
Savings of energy and introduc-
tion of good agricultural prac-
tice and organic production is
strongly focused and supported.

15. Protect, restore and promote

sustainable use of terrestrial
ecosystems, sustainably manage
forests, combat desertification,
and halt and reverse land degra-
dation and halt biodiversity loss.
This aspect is now being dis-
cussed, but concrete actions
still missing. Especially, regard-
ing preservation of agricultural
land fertility.

R&D institutions, manufactur-
ers of agricultural machinery and
equipment are interested in inter-
national cooperation and are export
oriented.

[ 1]
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Abstract

Chinais a large agricultural coun-
try and agriculture is the foundation
of the national economy, with hilly
and mountainous areas accounting
for more than 60%. Most are run by
small farmers, but there is also some
development of agricultural coop-
eratives, agricultural machinery co-
operatives and family farms. Since
1970, great achievements have been
made in the development of agricul-
tural mechanization in China in the
past 50 years. China’s agricultural
machinery and equipment holdings,
agricultural mechanization opera-
tion level, socialized service level
have improved rapidly. China has
made major breakthroughs in scien-
tific and technological innovation in
agricultural mechanization, and has
been significantly enhanced in inter-
national cooperation and exchanges.
China has a sound legal, regulatory
and policy system for agricultural
mechanization. Agricultural mecha-
nization has provided strong support
for China’s food security, the trans-
fer of agricultural labor force, the
improvement of agricultural labor
productivity, the rapid development
of urbanization, and the moderniza-
tion of agriculture and rural areas.
A road of agricultural mechaniza-
tion has been formed with Chinese
characteristics. The environment
of China’s economic, technological
and policy for agricultural mecha-
nization development continue to
improve. The priorities of future
agricultural mechanization will be
placed at developing resource- and

Li Minzan

China Agricultural University,
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labor-saving technologies, shifting
focus from production to higher ef-
ficiency, as well as from single tech-
nologies to integrated technologies,
and trend to intelligent agriculture,
intelligent agricultural machinery
development. The role of agriculture
will become much more significant
to national economy for it to keep
high growth rate.

Keywords: agricultural mechani-
zation, agricultural machinery, mod-
ern agriculture, development, China

Introduction

Theodore W. Schultz, an Ameri-
can agricultural economist, thought
that agriculture would become the
economic growth power if the tra-
ditional agriculture could be trans-
formed into modern agriculture in
developing countries. China is a big
agricultural country with large pop-
ulation, the development of modern
agriculture is a significant contribu-
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tor to the wellbeing of the Chinese
people. Agricultural machinery and
equipment provide the base of mate-
rial technology for modern agricul-
ture, and agricultural mechanization
is a major content and one of the
main indicators of agricultural mod-
ernization. The Chinese government
always attaches great importance to
agricultural mechanization develop-
ment, and agricultural mechaniza-
tion becomes important support to
promote the transformation of ag-
ricultural development methods, to
improve agricultural labor produc-
tivity and agricultural comprehen-
sive production capacity in China.

Agriculture Situation

In 2019, China’s agricultural pop-
ulation was 551.6 million people,
about 39.4% of the total population.
The proportion of employees in pri-
mary, secondary and tertiary indus-
try were 25.1%, 27.5%, and 47.4%

Table 1 Proportion of employment in primary, secondary and tertiary industries in

China from 1970 to 2019 (%)

Years Primary industry | Secondary industry |  Tertiary industry
1970 80.80 10.20 9.00
1975 77.20 13.50 9.30
1980 68.70 18.20 13.10
1985 62.40 20.80 16.80
1990 60.10 21.40 18.50
1995 52.20 23.00 24.80
2000 50.00 22.50 27.50
2005 44.80 23.80 31.40
2010 36.70 28.70 34.60
2015 28.30 29.30 42.40
2019 25.10 27.50 47.40

Source: China Statistics Yearbook.
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respectively in 2019 (Table 1), and
the composition of gross domestic
product of primary, secondary and
tertiary industry were 7.1%, 39.0%,
and 53.9% respectively in 2019.
China’s per capita agricultural labor
productivity was CNY36,238.72
(2019, Table 2), nearly 9 times that
of 1970. The annual net income per
farmer reached CN'Y16,021 in 2019,
120 times that of CN'Y134 in 1978.
China has a total arable area of
135 million ha with hilly mountain
area of more than 60%. Total sown
areas of farm crops was 166 million
ha, of which 116 million ha are for
grain crops, i.e. 69.8% of the total
sown area, and the yield per unit
area was 5,720 kg/ha in 2019. The
total sown area of corn, rice and
wheat was 80% of the sown area of
grain crops, and sown areas of corn,
rice and wheat were 34%, 27% and
21% of total sown area of corn, rice

and wheat respectively in 2019.

China’s per capita arable land and
fresh water resources are rather low,
at the levels of only 25% and 40%
of the world’s average. China’s per
capita arable land availability is 0.08
ha, far below the world average of
0.24 ha. But China’s total output of
grain, vegetables, fruits, meat and
aquatic products respectively ranks
first in the world. In particular,
China’s grain output reached 663.84
million tons in 2019, 2.77 times that
of 1970 (Table 3). It would not have
been possible to achieve these gains
without the rapid development of
agricultural mechanization.

Since 1970, it is the transforma-
tion of agricultural production mode
caused by the extensive application
of agricultural machinery in agri-
cultural production that has greatly
improved agricultural labor pro-
ductivity and effectively guaranteed

Table 2 China agricultural labor productivity from 2000 to 2019

Agricultural labor Agricultural labor
ears prc?ductivity (yuan) ears prgductivity (yuan)
2000 4,083.29 2010 13,759.19
2001 4,259.05 2011 16,838.91
2002 4,418.72 2012 19,044.93
2003 4,687.38 2013 21,938.73
2004 6,001.81 2014 24,408.21
2005 6,520.75 2015 26,358.23
2006 7,300.02 2016 27,976.93
2007 9,005.27 2017 29,650.26
2008 10,849.21 2018 31,954.78
2009 11,624.71 2019 36,238.72

Source: China Statistics Yearbook.

Table 3 Changes in China's total grain output in 1970-2019

Years Total grain output Annual Increment Annual Growth rate
(million tons) (million tons) (%)

1970 239.96 - -
1975 284.52 44.56 18.57
1980 320.56 36.04 12.67
1985 379.11 58.55 18.26
1990 446.24 67.13 17.71
1995 466.62 20.38 457
2000 462.18 -4.44 -0.95
2005 484.02 21.84 4.73
2010 546.48 62.46 12.90
2015 621.44 74.96 13.72
2019 663.84 42.40 6.82

Source: China Statistics Yearbook.

China’s agricultural development
and food security. Without the de-
velopment of agricultural mechani-
zation, it would be difficult to feed
such a large population as China’s
population increased from 0.8 bil-
lion in 1970 to 1.4 billion in 2019.
At the same time, the proportion of
labor force engaged in agriculture
was reduced from 90% to 25%, and
more people were engaged in other
important jobs, which promoted the
great division of labor in social pro-
duction, promoted the development
of industry and tertiary industry,
and promoted the national economic
prosperity.

The Situation of Agricul-
tural Mechanization

Since 1970, China has seen a
remarkable development in agricul-
tural mechanization, which has been
playing a very important role in
promoting the progress of modern
agriculture, ensuring agro-product
supply, guaranteeing food safety,
increasing competitive ability of
agro-product and raising farmers’
income, and also supporting the
rapid growth of national economy. It
will be presented in five aspects as
follows.

The Ownership of Agricultural
Machinery Has Increased Rapidly
By the end of 2019, the original
value of farm machinery reached
CNY 940 billion, averaging CNY
5,112 per peasant household, mak-
ing up 63.8% of the fixed assets of
agricultural production for them.
The total power of farm machinery
had reached 1,028.4 million kW,
which increased by 75 times com-
pared with that of 1970 of 13.7 mil-
lion kW. Since 2004, China has suc-
cessively introduced a series of ag-
ricultural machinery policies which
promoted the rapid development of
agricultural machinery. Since 2005,
China’s total power of agricultural
machinery has increased by nearly 2
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million kW every five years (Table
4). The average power availability
per hectare now stands at 6.6 kW in
2019. Some agricultural machinery
including farm tractors, seeders,
rice transplanters, power spray
(powder) machine, Drainage and
irrigation machinery, grain com-
bine harvesters and grain dryers,
increased quickly and reached 22.24
million, 5.41 million, 0.91 million,
6.21 million, 22.89 million, 2.13
million and 0.13 million units re-
spectively (Table 5). The matching
implement ratios for farm tractors is
1:1.8.

The Mechanized Operation Level
Is Heightened Steadily and the
Service Field of Agricultural Ma-

harvesting, cotton harvesting are
also relatively low (Table 7). The
mechanization level of sugarcane
harvesting is only about 2%. There
are 27 provinces, municipalities or
autonomous regions with integrated
mechanized levels of over 50%, and
13 of them are over 70% (China has
31 provinces, autonomous regions
and municipalities directly under
the Central Government). The total
area of greenhouses is about 19 bil-
lion m? all over China. At present,
the field of agricultural mechaniza-
tion has expanded from grain crops
to cash crops, from field agriculture
to facility agriculture, from crop

farming to livestock breeding, aqui-
culture and agro-product process-
ing, from field production to before-
production and post-harvest exten-
sion.

Remarkable Science and Technol-
ogy Innovations in Agricultural
Mechanization

In recent years, there has been

a marked progress in technologi-

cal innovation, which provides a

great technical support to increase

mechanization levels. For example,
in view of key links for main crops’
production, the technology and
equipment for mechanized rice pro-

Table 4 Changes of total power of agricultural machinery in China in 1970-2019

chinery Is Spread Grad_ual’ly Years agri;rl?lttilrgloxqvgrcr?ifnery Annual increment | Annual growth rate
By the end of 2019, China’s com- (million kW) (million kW) (%)

prehensive level of tilling, plant- 1970 13.7 - -
ing and harvesting mechanization 1975 365 228 166.42
reached 70.02%, 10 times that of 1980 145.6 109.1 298.90
1970. The mechanization percent- 1985 208.5 62.9 43.20
ages of tillage, planting and har- 1990 283.8 75.3 36.12
vesting reached 85.22%, 57.30%, 1995 346.9 63.1 2223
and 62.46% respectively (Table 6). 2000 429.1 82.2 23.70
Wheat, corn and rice are basically 2005 526.5 97.4 22.70
mechanized in the whole process 2010 719.8 193.3 36.71
of field production. The mechani- 2015 902.3 182.5 25.35
zation level of rice planting was 2019 1,028.4 126.1 13.98

slightly lower at 53.89% in 2019.
The mechanization level of potato
sowing and harvesting, rape sowing
and harvesting, peanut sowing and

Source: Statistical Yearbook of China Agricultural Mechanization (1970-2019).
Agricultural Mechanization Management Department, Ministry of Agriculture and

Rural Affairs, PRC

Note: The data of total power of farm machinery does not include the power of farm

transporter.

Table 5 The Numbers of some agricultural machinery in China from 1970 to 2019 (million sets)

Rice Power spray Dr_ai_nagg and Grain _
Years Tractors Seeders transplanters (ngc;\évhc:ﬁg) r:qr;:ghemgpy harvesters Grain dryers
1970 0.20 0.00 0.00 0.00 1.47 0.00 0.00
1975 0.94 0.00 0.03 0.11 3.89 0.01 0.02
1980 2.62 0.19 0.08 0.28 5.91 0.03 0.00
1985 4.67 0.14 0.01 0.31 6.16 0.04 0.00
1990 7.79 0.69 0.02 0.45 8.48 0.04 0.00
1995 9.30 1.21 0.02 1.08 10.29 0.08 0.01
2000 13.74 2.44 0.04 1.66 14.83 0.27 0.01
2005 16.79 3.65 0.08 2.39 17.53 0.48 0.04
2010 21.78 5.38 0.33 4.64 21.59 0.99 0.07
2015 23.10 6.40 0.73 6.19 23.16 1.74 0.12
2019 22.24 5.40 0.91 6.21 22.89 2.13 0.13

Source: Statistical Yearbook of China Agricultural Mechanization (1970-2019). Agricultural Mechanization Management
Department, Ministry of Agriculture and Rural Affairs, PRC
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duction such as transplanting and
harvesting and the harvesting ma-
chinery for corn has become more
mature and brought into big area ex-
tension. In addition, there has been
a large progress in the fields of con-
servation tillage, straw crushing and
re-utilizaiton, pasture production
and processing, sufficient and safe
chemical application, planting and
harvesting for main industrial crops
as cotton, rape, peanut and potato.
Along with the agricultural struc-
ture adjustment and implementation
of The Plan of Area Distribution
for Superior Agro-Product, local
governments are incentivized to

develop the agricultural mechaniza-
tion depending on the regional con-
texts and characteristics, research
and disseminate mechanization
technologies for local special agro-
products, to meet the demand of
agriculture production and promote
the development of agriculture and
rural economy.

The Level of Socialized Service of
Agricultural Machinery Increased
Significantly

Agricultural machinery has be-
come the main means for farmers
to deal with agricultural production
and increase income. Innovative ag-

Table 6 The comprehensive level of tilling, planting and harvesting mechanization of
China in 1970-2019 (%)

The comprehen-
Tillage Planting Harvesting sive level of
Years mechanization | mechanization | mechanization | tilling, planting
level level level and harvesting
mechanization
1970 18.00 0 0 7.20
1975 33.29 5.20 1.50 15.33
1980 42.40 10.90 3.10 21.16
1985 51.00 15.00 7.00 27.00
1990 56.32 20.04 11.15 31.89
1995 47.75 25.75 18.26 32.30
2000 50.15 30.26 22.63 35.93
2005 69.61 43.04 38.41 52.28
2010 80.43 52.08 53.40 63.82
2015 84.03 56.93 61.39 69.10
2019 85.22 57.30 62.46 70.02

Source: Statistical Yearbook of China Agricultural Mechanization (1970-2019).
Agricultural Mechanization Management Department, Ministry of Agriculture and

Rural Affairs, PRC

Table 7 Main crop production mechanization level in 2019 (%)

TiIIa}ge ) Plant_ing_ Harve_sting Tr;e;\;:eog\[l) éfg(fen_

mechanization | mechanization | mechanization tilling, planting

level level level and harvesting
Crop 85.22 57.30 62.46 70.02
Wheat 99.81 90.88 96.29 96.36
Corn 97.77 88.81 77.32 88.95
Rice 98.84 53.89 93.43 83.73
Potato 74.68 27.80 27.78 46.55
Soybeans 88.21 86.55 80.89 85.52
Rape 84.80 32.54 44.00 56.88
Peanut 77.36 52.91 46.05 60.63
Cotton 99.34 88.04 50.13 81.18

Source: Statistical Yearbook of China Agricultural Mechanization (1970-2019).
Agricultural Mechanization Management Department, Ministry of Agriculture and

Rural Affairs, PRC

ricultural machinery service organi-
zations, such as agricultural machin-
ery cooperatives, associations and
farm machinery leading households,
are emerging. By the end of 2019,
there were 192,173 service organi-
zations and 40.7 million households
providing mechanized farming
service with 53.4 million practitio-
ners. Agricultural machinery opera-
tion service gross income in China
reached CNY353.5 billion. Since
1996, relevant ministries and agen-
cies in China had jointly launched
the so-called Cross-regional Wheat
Harvesting Program using combine
harvesters, which has sped up the
process of market-orientation, spe-
cialization and socialization. Cross-
regional harvesting service is now
covering not only wheat, but also
rice, corn, soybean and potato, with
much wider scope and larger areas
all over the country. The socialized
service of agricultural machinery
has realized the common utilization
of agricultural machinery, improved
the utilization efficiency of agricul-
tural machinery, effectively linked
small farmers with modern agricul-
tural production, and set out a road
of agricultural mechanization with
Chinese characteristics.

The Laws, Regulations and Policies
System for Agricultural Mecha-
nization Is Sufficient

The tenth meeting of the Stand-
ing Committee of the tenth National

People’s Congress examined and

approved The Law on Promoting

Agricultural Mechanization of the

People’s Republic of China, which

was put into effect on November 1,

2004. It is the first law on promoting

agricultural mechanization in China,

and it further defined the promotion
function of governments at all levels
in agricultural mechanization. It also
provided the ground for supporting
policies to research & development
of agricultural machinery, to the sys-
tem of quality guarantee and service
of agricultural machinery, to the ap-
plication of advanced technology and

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 89



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

equipment for farmers and organiza-
tions. It launched measure to subsi-
dize and provide financial service
for farmers and service providers to
purchase machines and equipment,
to design and apply policies on pref-
erential tax, fuel subsidies and so on.
This law further improved the devel-
opment environment for agricultural
mechanization with combination of
government instruction and market-
oriented system under the legal
frame. It exerts an active and great
influence on the cause of agricultural
mechanization while encouraging
farmers to purchase and use farm
machinery and raise productivity.
The State Council of China promul-
gated and implemented The Regu-
lations on the Safety Supervision
and Administration of Agricultural
Machinery in 2009, Opinions on
Promoting Sound and Rapid Devel-
opment of Agricultural Mechaniza-
tion and Agricultural Machinery
Industry in 2010, and Guidelines
on Accelerating the Transforma-
tion and Upgrading of Agricultural
Mechanization and Agricultural
Machinery and Equipment Indus-
tries in 2018. It marks the continuous
improvement of laws, regulations
and policy system of agricultural
mechanization and agricultural ma-
chinery equipment industry.

International Exchange and Coop-
eration Has Been Strengthened
In recent years, China’s large mar-
ket volume has aroused the attention
of large international manufactur-
ers of agricultural machinery. They
have cooperated with the Chinese
relevant departments and enter-
prises to exploit the market and have
also won the market share. In order
to encourage the imports of large-
size agricultural machinery, Chi-
nese government has promulgated
the preferential import tax policies,
Imports of agricultural machinery
and tools enjoy government finan-
cial subsidies. China’s agricultural
machinery research institutes, col-
leges & universities and enterprises

are actively strengthening technical
innovation and cooperation so as to
improve product quality by intro-
ducing the foreign advanced experi-
ences and technologies.

The Development Envi-
ronment of Agricultural
Mechanization

Both national and rural economy
has been keeping a constant, stable
and rapid development in China.
The increased investment in ag-
riculture and rural economy has
brought new opportunities for the
development of agricultural mecha-
nization, especially when Chinese
government pays great attention to
food security and farmers’ income.

The Economic Environment

The national economic strength is
the economic base for development
of agricultural mechanization. In
2019, China per capita GDP reached
CNY 70,892 (US$10,127), China’s
urbanization rate has exceeded
60%, and the total amount of tax
revenue over CNY15,800 billion.
Overall, China has entered the mid-
term stage of industrialization when
the industry finances agriculture
and the city promotes the develop-
ment of the countryside.

The economic growth in cities
and towns has created new condi-
tions for the development of agricul-
tural mechanization. Along with the
progress of China’s industrialization
and modernization, there must be
an inexorable trend, in which city
brings country into town, rural
labor force is transferring to non-
agricultural industries and urban
rapidly. The rural migrant labor to
business has more than 263 million,
60% of them are under 40 years old.
A present, there exists the limited
supply of labor force in some de-
veloped areas with a big problem of
the old aged and large contradiction
between the operating labors and
farming seasons. Nearly one-third

of agricultural labor force are more
than 50 years old. Thus it’s more
urgent to use machinery instead
of labor in agricultural production
and should change the traditional
production method to heighten ag-
ricultural productivity greatly by
using machinery instead of hand-
work. Therefore, it will provide new
conditions for the development of
agricultural mechanization in term
of the rural economic progress, the
improvement of living quality in
country and big transfer of rural la-
bor force.

The establishment of modern
agriculture has put forward new
demands for agricultural mechani-
zation. China has currently entered
a new stage of development in
modern agriculture with the change
from tradition to modern style. The
practice has proved that it is favor-
able for the progress of agricultural
mechanization to enhance scientific
and technical standards, to reduce
production cost with higher effi-
ciency, to increase output ratio of
farmland and productivity and to
heighten the integrated production
capacity. In addition, some new
mechanized technologies, including
conservation tillage and straw uti-
lization, can save resource, protect
environment and keep sustainable
agriculture development. In a word,
it is an inevitable choice to realize
agricultural mechanization for agri-
cultural modernization.

The Policy Environment

Chinese government is paying
greatest attention to agriculture, ru-
ral areas and farmers, and it promul-
gated a series of policies to support
agriculture production and increase
farmers’ income sustainably. For
example, Chinese central govern-
ment issued The Law on Promoting
Agricultural Mechanization of the
People’s Republic of China in June
2004, which has brought the devel-
opment of agricultural mechaniza-
tion into the legally enabled course.

In recent years, both national and

90 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2020 VOL.51 NO .4



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

local governments in China have
adopted a series of measures, such
as regional laws and regulations is-
sued by 31 provinces, municipalities
or autonomous regions, to support
and promote the development of
agricultural mechanization. Since
2000, the Chinese government has
invested a total of CN'Y220.5 billion
in subsidies for the purchase of ag-
ricultural machinery. This is some-
times supplemented by additional
subsidy regimes and incentives at
local levels. The measure of subsidy
has greatly aroused farmers’ and ag-
ricultural production organizations’
enthusiasm for purchase and use of
farm machinery, hence accelerating
the popularization and use of new
equipment and technology.

In 2015, the Ministry of Agricul-
ture of PRC promulgated and imple-
mented The Opinions on Promoting
Whole-Process Mechanization in
The Production of Major Crops. By
the end of 2019, there had been 453
demonstration counties for whole-
process mechanized crop produc-
tion.

In 2017, the Ministry of Agricul-
ture, the National Development and
Reform Commission and the Minis-
try of Finance of PRC jointly issued
The Guiding Opinions on Acceler-
ating the Development of Agricul-
tural Producer Services. China will
vigorously promote the development
of agricultural producer Services,
especially the development of so-
cialized services for agriculture and

agricultural machinery.

The Technological Environment

There are over 8,000 agricultural
machinery manufacturers in China,
with over 2,000 scale-size enter-
prises with annual revenue of over
CNY 20 million. Chinese enter-
prises can manufacture about 4,000
kinds of agricultural machinery
under 1517 small-types, 120 big-
types and 12 categories. The annual
farm machinery gross industrial
output value ranked the third place
in manufacturing sectors in China,
only after automobile and electrical
engineering and equipment. This
has also laid a proper foundation
for the development of agricultural
mechanization. China has become a
global manufacturing power of agri-
cultural machinery.

A relatively comprehensive net-
work of management and service
of agricultural machinery has come
into being. The system consists of
various departments and institutions
of research, testing and evaluating,
extension and training at differ-
ent levels. There were 67 research
institutions and 62 testing and
certification bodies over municipal
level, 2,519 extension stations and
1,567 technical training schools
over county level in 2017. Surround-
ing the service to larger agriculture
and the development to larger agri-
cultural machinery, China has set
up the platform and demonstration
base of technological innovation

Fig. 1 China central government fund for agricultural machinery purchase subsidies
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suitable for agricultural production,
and coordinated and facilitated ef-
forts on the research and production
of new agricultural machinery and
matching implements with marked
achievements and transformed ca-
pability.

The Development Trend
of Agricultural Mecha-
nization

Agricultural mechanization
should provide technological sup-
port for the improvement of resourc-
es utilization ratio and laboring pro-
ductivity in term of the global pro-
cess of international economy and
the change of opportunity cost of
labor force. The priorities of future
agricultural mechanization will be
placed at developing resource- and
labor-saving technologies, shifting
focus from production to higher ef-
ficiency, as well as from single tech-
nologies to integrated technologies,
and trend to intelligent agriculture,
intelligent agricultural machinery
development. The role of agriculture
will become much more significant
to national economy for it to keep
high growth rate. The development
trend of agricultural mechanization
in China can be summarized in four
aspects.

The Different Development Patterns
of Agricultural Mechanization Will
Come into Being with the Closer
Combination between Mechaniza-
tion and Industrialization for Pro-
duction of Main Agro-products

The key task in agriculture and ru-
ral economy is to push the strategic
structure adjustment at present. Chi-
na will fully implement The Plan
of Area Distribution for Superior

Agro-Product and The national

agricultural modernization plan

(2016-2020) to establish the indus-

trial zones of superior agro-products.

Agricultural mechanization should

provide technical support for indus-

trial development of local superior
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agricultural areas in accordance with
the demand of structure adjustment
of agriculture and rural economy
so as to improve the international
competition. For example, the focus
will be put on the mechanization of
production, processing and storage
of main agro-products on the base
of increased mechanization level for
the coastal developed areas in East
China. In the main production ar-
eas of grain, efforts will be focused
on increasing the mechanization
level of wheat production, further
developing mechanization strategy
and technology for paddy, corn and
potato crops, and providing com-
prehensive service from before-pro-
duction to post-harvest. Meanwhile
the country will gradually advance
mechanization of grain production,
and also promote mechanization of
pasture and industrial crops as sugar
material and cotton, and agro-prod-
uct processing in West China. The
above-mentioned technologies of
agricultural mechanization, includ-
ing for industrial crops, facility ag-
riculture, animal farming and agro-
product processing will be the new
champions. The development pattern
of agricultural mechanization will
be characterized by regional diver-
sification, high efficiency and better
quality.

Sustainable Agricultural Mecha-
nization Technologies Will Be the
Priority

China will carry out the strat-
egy of sustainable development to
enhance rational utilization and
efficient protection of resources of
farmland, water and fertilizer, to
improve agricultural ecological en-
vironments, to protect agricultural
environment from pollution, to
promote agricultural transforma-
tion from resource intensiveness to
sustainability. The key points will
be put into the development of ad-
vanced and applicable mechanized
technologies for the protection of
ecological environments and sus-
tainable development. Therefore,

China will give priority to the de-
velopment of technologies mainly
including conservation tillage,
water-saving irrigation, integrated
utilization of agricultural waste
materials, intensive farming engi-
neering, grassland improvement and
construction of man-made pasture,
integrated prevention and control of
biological disaster, infrastructure
facilities construction, agricultural
aviation and so on.

The Capacity of Agricultural Ma-
chinery Socialized Service and
the System of Laws & Regulations
of Agricultural Mechanization
Will Be Further Improved

The basic development trend of
agricultural mechanization is noted
for the foundation and improvement
of fair and standard market system
of agricultural machinery product
and service, the promotion of mar-
ket-orient and industrialization of
agricultural machinery service, the
wider spread of socialization service
and higher increasing of service
level. China will further strengthen
and improve the development of
the related laws & regulations, the
standards of agricultural mechani-
zation, the quality control system
of agricultural machinery and the
information system of agricultural
mechanization so as to provide the
legal and technical support for the
sound development of agricultural
mechanization.

The Process of Technical Innova-
tion and Upgrading and Updat-
ing of Agricultural Machinery
Product Will Be Accelerated

Along with popularization and
extension of modern scientific tech-
nology such as advanced manufac-
turing, mechanical and electrical
integration, intelligentization and in-
formation, the agricultural machin-
ery industry will quicken the pace
of technical innovation and product
modification; greatly improve the
performance and quality of agricul-
tural equipment, which is beneficial

to reduce the difference of agricul-
tural mechanization between China
and foreign advanced countries. This
will also be conducive to increased
international competitiveness for
China’s agricultural machinery.

Conclusions

China is a large agricultural coun-
try and its agriculture is strongly
connected with agricultural mecha-
nization. Agricultural mechaniza-
tion can improve agricultural labor
productivity and the farmland eco-
logical environment. China govern-
ment will increase the support for
agricultural mechanization, encour-
age context-specific development
models in different regions, support
the application and populariza-
tion of agricultural mechanization
technologies of energy saving and
environmental protection, improve
land management, support the
development of agricultural coop-
eratives and family farms so as to
reduce costs and improve benefits of

mechanized systems.
[ ] |
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Introduction

Agricultural mechanization is an
important symbol of modern agri-
culture, it plays an important role in
“eradicating hunger, achieving food
security, improving nutrition and
promoting sustainable agriculture”,
it is also an important support for
China to implement its rural revital-
ization strategy. As an agricultural
country with a large population,
China has implemented a rural revi-
talization strategy and promoted the
modernization of agriculture and
rural areas. At the same time, China
has promoted the all-round, high-
quality and efficient development of
agricultural mechanization, all of
these are of great significance for
promoting the Sustainable Develop-
ment Goals of the United Nations.

Current Situation of Agri-
cultural Mechanization
in China

The scale of the industry contin-
ues to grow. From 2016 to 2020,
the average growth rate of business
income of China’s agricultural ma-
chinery industry is 3.22%, China’s
agricultural machinery industry has
entered a new stage of structural ad-
justment, shifting from high-speed
growth to high-quality develop-

zhaoys63@163.com

ment, and the scale of the industry
has further increased. In 2019, the
comprehensive mechanization rate
of crop cultivation and harvest in
China reached 70%, basically real-
izing mechanized production. In
2019, there were 1,730 agricultural
machinery manufacturers in China,
its main business revenue reached
230.6 billion yuan, it accounts for
about 30% of the global agricultural
machinery market, and it is the
country with the largest agricultural
machinery production and sales in
the world.

The equipment system for the
whole operation of major grain
crops has been basically established.
At present, the variety and quantity
of production can basically meet the
market demand. The development
of China’s agricultural equipment
technology has moved from the
mechanization stage where ma-
chinery replaces human and animal
power, through the realization of au-
tomation based on electronic control
technology and entered the intelli-
gent stage with information technol-
ogy as the core. In terms of cutting-
edge and key core technologies such
as automation, informatization, and
intelligence, we have made break-
throughs in key technologies such
as high horse power, compound soil
preparation, variable fertilization,
precision seeding, and efficient har-

Vice President of Sinomach Academy of

vesting. It has formed a complete set
of grain operation equipment that
adapts to different production scales,
and the technology is extended to be
applied to cotton, sugarcane, peanut,
potato and other cash crops. The ad-
vanced agricultural machinery such
as 200-horsepower tractors, auto-
matic driving technology, power-
shift tractors, sugarcane harvesters,
cotton pickers, and digital dispatch
management platforms have gradu-
ally begun to be industrialized.
Actively explore the “Chinese
model” of agricultural services.
Based on China’s current land
policy and rural status quo, actively
explore new agricultural operation
and service modes, and develop the
application of complete solutions of
advanced agricultural equipment in
the field of whole-process mecha-
nization, which effectively solve
the problems of insufficient, unbal-
anced, and incomplete agricultural
equipment and farmland operations,
while promoting the integrated
development of traditional agri-
culture and secondary and tertiary
industries. At present, China has
cultivated a total of 192,000 agricul-
tural machinery service organiza-
tions of various types, among them,
74,400 professional cooperatives
have a service area of 794 million
mu. Various localities are actively
developing operational service mod-
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els such as agricultural machinery
+ land cooperatives, whole-process
mechanization + comprehensive
agricultural services, land trustee-
ship and other operational service
models, the national trusteeship op-
eration service area is 95.82 million
mu. The development of agricultural
mechanization and the exploration
of new agricultural service models
have effectively improved China’s
agricultural productivity, promoted
the integrated development of ur-
ban and rural areas, and promoted
China’s modernization process.

Industrial Problems and
Challenges

After years of development,
China has become the world’s larg-
est producer and user of agricultural
machinery, however, it is affected by
factors such as complex geographic
and climatic environment, diverse
demand for agricultural machinery
products, and large differences in
the operating environment of ma-
chinery and tools, the problem of
unbalanced and insufficient develop-
ment of agricultural mechanization
and agricultural machinery equip-
ment industry is still prominent.

Firstly, the ability of technological
innovation needs to be enhanced.
Applied basic research is weak, ba-
sic principles, basic data, and basic
methods are not systematic enough,
and there are few original technolog-
ical innovations from mechanisms,
principles, methods, technologies,
devices and products. The key core
technology level is not high, agricul-
tural equipment still lags behind the
international leading level in terms
of operational efficiency, navigation
and positioning control and loss con-
trol, water and fertilizer application
control, and overall machine quality
and reliability.

The second is the structural con-
tradictions of industry are relatively
prominent. At present, there are few
enterprises above designated size in

China, and the industry is relatively
fragmented and concentrated, ag-
ricultural machinery products are
mainly concentrated in traditional
products such as power machinery
and food production machinery. The
R&D and production capacity of
characteristic cash crops, primary
processing of agricultural products,
facility agricultural machinery, and
animal husbandry machinery is
relatively weak.

The third is the integration of ag-
ricultural machinery and agronomy
is not enough. The integration of ag-
ricultural machinery and agronomy,
and the integration of agricultural
machinery informatization are
insufficient, which affects the ef-
ficiency of agricultural machinery
operation and the efficiency of ag-
ricultural machinery, weak links,
regions and agricultural mechaniza-
tion of crops are low.

In addition, the characteristics of
China’s aging and the migration of
agricultural population to cities are
obvious, it is urgent to cultivate new
types of professional farmers, which
brings new opportunities and chal-
lenges to agricultural mechaniza-
tion.

Prospect of Agricultural
Mechanization Devel-
opment in China

Nowadays, under the background
of land circulation and agricultural
structure adjustment, China’s ag-
ricultural machinery industry is
evolving towards diversified, intel-
ligent, efficient, energy-saving, and
environmentally friendly products,
and has embarked on a path of
agricultural mechanization and
intelligent development with Chi-
nese characteristics. By 2025, it is
estimated that the comprehensive
mechanization rate of farming and
harvesting of major crops in China
will reach over 75%, and the over-
all mechanization rate of animal
husbandry will reach over 50%.

The agricultural machinery equip-
ment category is complete, and the
technical level of the equipment
required for the mechanization
of food crop production has been
greatly improved. The equipment
needed for the mechanization of the
production of major cash crops is
effectively supplied, the equipment
required for mechanization in the
fields of animal husbandry, aquacul-
ture, agricultural products process-
ing industry, and mountainous and
hilly areas are basically met.

In addition, with the development
of smart agriculture, the mode of
agriculture will shift from an un-
differentiated fixed rate operation
mode to a precise operation mode,
from the entire farmland receiving
the same level of resource input to
high-precision customization, so
that each crop can receive the ac-
curate resources needed for growth.
And on that basis, cognitive com-
puting and machine intelligence will
become the main development di-
rection of agricultural machinery by
constructing state perception - real-
time analysis - autonomous decision
- accurate execution - learning and
improvement in the scene.

Agricultural machinery will
be further deeply integrated with
modern information and com-
munication technology, satellite
navigation technology, electronic
control technology and artificial
intelligence, entering a new stage of
integration of “mechanics, control,
communication, and computing”.
The development of new technol-
ogy will bring about changes in the
ecological chain and value chain of
the agricultural machinery industry,
and further promote the specialized
division of labor in the industry, ac-
celerate the development of design,
manufacturing, service, etc. in the
form of independent existence; at
the same time, the agricultural ma-
chinery industry will be given new
features of flexibility, customiza-
tion, and low carbon based on scale,
standardization, and automation.
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Conclusions

In 2020, due to the superposition
of multiple factors such as the CO-
VID-19 epidemic, locust plagues
and extreme climates, global food
security are facing a huge challenge.
Global agriculture needs to adopt
more efficient, low-consumption

smart equipment and large-scale
agricultural production to improve
agricultural production efficiency
and agricultural resource utilization
efficiency, establish a more sustain-
able agricultural production system.
In the current and future period,
China will continue to implement
innovation-driven and rural revital-

ization strategies, promote agricul-
tural mechanization to accelerate
the realization of full-scale, high-
quality and efficient development,
and help achieve the Sustainable
Development Goals of the United
Nations.

m

(Continued from pagel05)

Smart Farm Mechanization for Sustainable Indian Agriculture

Chaturvedi, V., Hejazi, M., Ed-
monds, J., Clarke, L., Kyle, P,
Davies, E. and Wise, M. 2013.
Climate mitigation policy impli-
cations for global irrigation water
demand. Mitigation and Adapta-
tion Strategies for Global Change,
20(3), 389-407.

DARE-ICAR Annual Report 2018-
19, 2019. Agricultural Research
Data Book. Department of agri-
culture, cooperation and farmers
welfare, Government of India.
220 p. https://krishi.icar.gov.in/
AgResDataBook.jsp

FICCI. 2019. Farm mechanisation:
Ensuring a sustainable rise in
farm productivity and income,
1-56. http://ficci.in/spdocu-
ment/23154/Online_Farm-mecha-
nization-ficci.pdf

Garg, V. 2018. India: Vast Poten-
tial in Solar-Powered Irrigation.
Institute for the energy econom-
ics and financial analysis. 9 pp.
https://ieefa.org/wp-content/up-
loads/2018/08/Indias-Vast-Poten-
tial-in-Solar-Powered-Irrigation-.
pdf

Kapur, R., Gulati, S. and Chauhan,
S. 2016. Accelerating growth of
Indian agriculture: Micro irriga-
tion an efficient solution Strategy

paper - Future prospects of micro
irrigation in India. 84 p.

Kapur, R., Chouhan, S., Gulati, S.
and Saxena, V. 2015. Transforming
agriculture through mechanisation.
A knowledge paper on Indian farm
equipment sector, 56 p.

Kurmanath, K. V. 2019. Intelligent
spraying drone to help farmers
target specific crop areas in Telan-
gana, AP.Agri Business. https://
www.thehindubusinessline.com/
economy/agri-business/a-drone-
startup-that-helps-farmers-target-
fertiliser-sprays-only-on-specific-
crop-areas/article29811910.ece

Madramootoo, C. A. and J. Mor-
rison. 2013. Advances and chal-
lenges with micro-irrigation. Ir-
rigation and Drainage, 62(3), 255-
261.

Mehta, C. R. 2015. Research High-
light. 2015 of All India Coordi-
nated Research Project on Farm
Implements and Machinery.
Technical Bulletin No.CIAE/
FIM/2015/179, 83 pp.

Mehta, C. R., Chandel, N. S., Jena,
P. C. and Jha, A. 2019. Indian ag-
riculture counting on farm mech-
anization. Agricultural Mechani-
zation in Asia, Africa and Latin
America, 50(1), 84-89.

Mehta, C. R., Chandel, N. S., T.
Senthilkumar, T. and Singh, K.
K. 2014. Trends of Agricultural
Mechanization in India. CSAM
Policy Brief, 2, 1-13.

Microsoft News Center India. 2017.
Digital Agriculture: Farmers in
India are using Al to increase
crop yields. https://news.micro-
soft.com/en-in/features/ai-agricul-
ture-icrisat-upl-india/

NITI. 2018. Demand & supply
projections towards 2033 crops,
livestock, fisheries and agricul-
tural inputs. The Working Group
Report. https://niti.gov.in/sites/
default/files/2019-07/WG-Report-
issued-for-printing.pdf

Smilovic, M., Gleeson, T. and
Siebert, S. 2015. The limits of
increasing food production with
irrigation in India. Food Security,
7(4), 835-856.

World Bank Indicators. 2013. CIA
fact book, Mechanisation and
Farm Technology Division of
Department of Agriculture and
Cooperation, Trading Economics,
FAOQ Year book 2013.

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 95



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

SDGs and Agricultural Mechanization in India

Poverty and hunger are the two
main challenges still faced glob-
ally. There have been technology
led inclusive developments in In-
dia like in many other parts of the
world. From 50 million tons of food
grain production annually in 1950
to the present 294 million tons an-
nually have brought India in a very
comfortable situation in terms of
not only food security but also nu-
tritionally too. India’s annual hor-
ticultural production has surpassed
300 million tons mark. However,
due to different social and economic
reasons, nutritive diet to all is still
remains a challenge. Agriculture is
main stay of India’s economy par-
ticularly in pandemic like situation
as faced today in form of Covid -19.
Also, Indian agriculture faces a big-
ger threat than ever before due to
degradation of natural resources, es-
pecially land and water. It becomes
important to combat these threats,
but without compromising on eco-
nomic development. This requires a
new set of farm policies, technolo-
gies, and institutional reforms.

Sustainable development is a key
to peace, progress and prosperity
of Indian people. Collective ef-
fort and inclusive growth is great
vision of our Prime Minister Mr.
Narendra Modi. Therefore, the
sustainable development goals are
the pathways for development of
India in 21st century. In 2015, global

by
Indra Mani
Head, AE Division,

New Delhi
INDIA

leaders joined hands to chart their
progress and evaluate where they
stood with regard to the Millennium
Development Goals (MDGs). It was
a unique joint effort by leaders of
different countries on combating
poverty, hunger, undernourishment,
and other global issues. It is a mat-
ter of satisfaction that like most of
the developing countries, India has
made significant efforts to achieve
various goals. In fact,there have
been sustainable efforts to improve
the economy of developing world
through different international de-
velopment programs as a result they
could reduce poverty by half be-
tween 1990 and 2010, although the
decline in poverty level was uneven
across countries. In 1990-1992, the
number of poor people in Asia was
about 740 million, which declined
to 565 million in 2010-2012.Within
Asia, the largest concentration is
in south Asia and India also faces a
grim situation in this regard as it has
the largest poor and food-insecure
population in South Asia. As global
collective efforts, more countries
adopted a post-2015 agenda, which
included a renewed set of goals to
end poverty, protect the planet, and
ensure prosperity for all as part of
the new Sustainable Development
Goals (SDGs). The resolution adopt-
ed by the United Nations (UN) has
a broader inter-governmental agree-
ment, which while acting as the new

ICAR-Indian Agricultural Research Institute
President, Indian Society of Agricultural Engineers,

agenda, builds on the Resolution,
popularly known as “The Future
We Want”. There are 17 aspirational
“Global Goals”, with 169 targets un-
der SDGs. Among these, the goals
having direct relevance to agricul-
ture are: ‘No Poverty’, ‘Zero Hun-
ger’, and ‘Climate Action’, besides
the one related to ‘Life on Land’.

In India, agriculture is the major
provider of livelihood to the poor,
especially in the rural areas. How-
ever, the agricultural sector is facing
big challenges like declining size of
landholdings, deteriorating natural
resources (especially soil and water),
adverse impact of climate change,
declining factor productivity, rising
input costs, fluctuating markets, and
declining farm income. All these
factors make agriculture a riskier
means of livelihood. The issues
those arise are to make agriculture
a contributor towards achieving
SDGs, the strategy to promote ag-
riculture for achieving SDGs in
addition to sharing international ex-
periences. As a major policy change
to make agricultural economy a
safe enterprise and help doubling
farmers income, India has planned
to enact three major farm bills re-
lated to agricultural market reforms,
contract farming provisions and
amending essential commodities
act. These bills will do away with
middlemen and other impediments
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in the growth of farmers. Adoption
of better management practices; in
addition to developing high yield-
ing crop varieties have immense
potential in achieving the SDGs. It
is encouraging that the National Ag-
ricultural Research System (NARS)
has developed several technologies
that promise to increase incomes,
reduce production cost, conserve
natural resources, improve food
quality and nutrition, and minimize
various kinds of risks. The need is
to create an enabling environment
to scale-out useful and efficient
technologies/innovations for wider
adoption and large-scale impact on
production and income of small-
holder farmers.The Government of
India gives high priority to the agri-
cultural sector and plans to make it
more efficient, competitive, sustain-
able, and resilient. ‘Doubling Farm-
ers’ Income by 2022’ is the latest
policy initiative of the government.
The other programs that aim to in-
crease farmers’ income, conserve
soil and water resources, improve
resilience, and reduce risks includes
are Prime Minister’s Irrigation
Program, Prime Minister’s Agricul-
tural Insurance Scheme, National
Food Security Mission, National
Horticulture Mission, National Mis-
sion on Sustainable Agriculture,
National Agricultural Development
Plans, and National Livestock Mis-
sion. There are initiatives to connect
farmers with remunerative markets
through e-NAM (One Nation One
Market) and consolidate farmers
to derive benefits of economies-
of-scale through Farmer Producer
Organizations/Companies. All these
efforts demonstrate India’s com-
mitment to accomplish the SDGs
related to agriculture. There is, how-
ever, an urgent need to ensure reori-
entation of on-going efforts toward
higher efficiency and effectiveness
of various initiatives by developing
a road map by which to achieve the
goals well before 2030. Mechaniza-
tion is key to agricultural growth
in India.The number of agricultural

workers is showing a declining
trend and is projected to reduce to
202 million by 2050 from 263 mil-
lion in 2010-2011.The shortage of
agricultural workers is triggering
farm mechanization in the country.
The adoption of farm mechanization
can ensure improved input-use effi-
ciency, enhanced cropping intensity,
reduced cost of production, and less
drudgery for agricultural workers,
especially women. An overview of
the different farm equipment being
used in India across the agricultural
value chain, from land preparation
to harvesting, reveal accelerated de-
velopments in farm mechanization.
Though, total power availability on
Indian farms has increased from
0.293 to 1.841 kW/ha at a CAGR
of 4.58% during the last forty one
years, overall mechanization level
in India is only 40-45%. The con-
certed efforts have resulted in the
mechanization of critical farm
operations of major crops in differ-
ent states. In order to lay special
emphasis on farm mechanization
and to bring more inclusiveness,
a dedicated Sub-Mission on Agri-
cultural Mechanization (SMAM)
was launched. SMAM puts ‘Small
& Marginal Farmers’ at the core of
the interventions with a special em-
phasis on ‘reaching the unreached’,
i.e. bringing farm mechanization
to those villages where the tech-
nologies deployed are decades old.
Besides, the mission is also catering
to ‘adverse economies of scale’ by
promoting ‘Custom Hiring Ser-
vices’ through ‘the rural entrepre-
neurship’ model. The government
intends to go beyond food security
and give back a sense of income
security to our farmers. To make
the cost of machinery affordable to
all the farmers, Govt. has launched
a credit-linked subsidy scheme. It is
envisaged that with policy support
on farm mechanization the farmers’
income will be doubled by 2022.
ICAR has been giving emphasis on
development and adoption of new
and cutting edge sensor based preci-

sion engineering solutions like vari-
able rate applicator, 10T, robotics,
drone enabled technologies, big data
analytics and block chain technol-
ogy. Some successful experiences
are zero till drill and its variants,
strip till drill, roto till drill and slit
till drill, providing saving of 40-70
percent in time and 50-70 percent
in fuel. Happy Turbo seeder is suit-
able for sowing under heavy residue
condition and is helpful in paddy
residue management which is very
common in northern sates of India.
In addition, it provides savings of
78 % in time, 68 % in fuel, 77 %
labor, and 72 % in cost of operation.
Another success was development
of multi-purpose equipment for sug-
arcane, which is a tractor-operated
implement, used for planting of
sugarcane setts (0.2 ha/hour), facili-
tating inter-culture (0.8 ha/hour),
and earthing up operations (0.4 ha/
hour). Also, variable rate urea appli-
cator, which can apply urea @ 18.5-
65.0 kg/ha and requires an android
smart phone with GPS for operation
is very useful. Commercially avail-
able harvesting and threshing equip-
ment, including a tractor-operated
reaper binder, flail type fodder har-
vester-cum-chaffer, tractor-mounted
root crop harvester cum-elevator,
and self-propelled rice combine are
very much in use on Indian farms.
Development of proven technolo-
gies like Pusa rapid composting
technology, Pusa turner cum mixer,
Pusa compost sieving machine,
Pusa Aqua-ferti-seed drill, liquid
fertilizer (UAN) application system,
paddy straw collector cum chopper
and powered integral equipment for
small farm mechanization have cre-
ated a great socio-economic impact
by making agriculture a profitable
venture through production in dry
land areas, enhanced fertilizer use
efficiency, biomass management,
production of quality compost and
mechanization of small farms.

To promote farm mechanization,
there is critical need for public-

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 97



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

private partnership both for research
and development. In future, agri-
culture will be dominated by preci-
sion and conservation agriculture.
Therefore, there is a need to develop
equipment that is suitable for small
landholdings and horticultural crops
in hilly areas, and cost-effective
technologies like smart tractors,
unmanned aerial vehicles and wire-
less technology. In India research
and development efforts and ap-
proaches in agricultural machinery
have been directed towards finding
cost-effective solutions to location-
specific problems of agriculture.
National Agricultural Research Sys-
tem (NARS) comprising of Indian
Council of Agricultural Research
(ICAR), New Delhi and State Ag-
ricultural Universities primarily
looks after the need of research
and development activities, need
based region specific technologies
and specific-problem related issues.
Some of the research institutes un-
der the aegis of Central Scientific
Industrial Research (CSIR), New
Delhi are also engaged in research
and development of agricultural ma-
chinery. The Agricultural Engineer-
ing institutions are collaborating
with I1Ts, CSIO and other institute
of eminence for developing engi-
neering solutions for the emergent
problems in Indian agriculture. The
ICAR-Indian Agricultural Research
Institute has played a pivotal role
in bringing all the stake holders in
a single platform to chalk out the
action plans for the future engineer-
ing needs in agriculture. The start-
ups are promoted for agricultural
engineering innovations through
hand holding. On the basis of the
recommendations of brain storm-
ing session organized by the Indian
Society of Agricultural Engineersat
NASC, the Department of Science
and Technology invited research
proposals on Agro-Tech specific to
engineering solution to agriculture.
The Indian Society of Agricultural
Engineers even in the lockdown sit-
uation due to COVID-19 pandemic

conducted webinars for training of
the students and faculties and also
for farmer’s, FPOs. The COVID
situation has closed down many in-
dustries and affected very badly the
service sector but farm machinery
industry continued its production.
ISAE is in networking role and has
created common platform for the
academia and industry. The facul-
ties and students are encouraged
to work for engineering solutions
through Design Innovation Centre.
ISAE has developed a strong part-
nership and networking with global
agricultural engineering fraternity.
Global Food Security meet was
organised in 2015 in South Africa
followed by Global Water Security
meet in India in 2018. In 2019, 8th
Asian-Australasian Conference on
Precision agriculture was organized
in collaboration with International
Society of Precision Agriculture. In
2020, ISAE did exchange of MoUs
with NIAE (Nigeria), NSAE (Ne-
pal) and MSAE (Malaysia). Gov-
ernment of India is advocating and
developing Incubatees and Start-ups
related to farm technology under
RKVY-RAFTAAR (MoA & FW,
Gol) and ARISE programme. There
has been an innovative programme
to encourage innovators of differ-
ent categories. The platforms like
TIFAN (Technology Innovation Fo-
rum for Agricultural Nurturing) - a
platform to solve real mechanization
challenges are becoming popular.
Government of India has developed
a portal to facilitate custom hiring
and also coming up with a national
portal to encourage innovators. In-
dustry — Institution — farmers — in-
novators linkage is going to achieve
SDGs goals through appropriate
mechanization.
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Abstract

Indian agriculture is undergoing
transformation due to technological
revolution, sprawling urbanization,
modern cultivation techniques, and
climate change. These changes offer
unique challenges and opportunities
to transform agriculture to smart,
more productive, economically
remunerative, socially equitable
and environmentally sustainable
through adoption of smart mecha-
nization technologies. In this paper,
the approaches and strategies are
highlighted for sustainable mecha-
nization of Indian agriculture. The
smart farm mechanization includes
application of sensors, controllers,
Internet of Things (loT), artificial
intelligence (Al) and robotics. The
research work in the areas of preci-
sion agriculture, digital farming,
precision irrigation, Al powered
machinery, user friendly mobile ap-
plications, etc. has gained momen-
tum in India during the last decade.
The emerging smart agriculture
mechanization combines precision
farm with management tools (GPS/
GNSS, DSS, VRT), end user ap-
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plications (platforms, mobile, ma-
chines, Agri-bots), data solutions
(data loT, information, tech empow-
ered tools), etc. These technologies
not only make farm machinery
smart and efficient but also help in
saving inputs such as seeds, fertiliz-
ers, chemicals, water and energy for
sustainable agriculture.

Keywords: Agricultural Mecha-
nization, Artificial Intelligence,
Digital Agriculture, Mobile App,
Precision Agriculture.

Introduction

Indian population is expected
to reach 2.2 billion by 2050. At
the same time, biotic and abiotic
stresses, degrading and depleting
land and water resources and cli-
mate change are major challenges
for sustainable agricultural produc-
tion and productivity. To meet food
security of increasing population,
India needs to increase its annual
food gain production to 333 million
tonne by 2050 against 285 million
tonnes in 2018-19 (Kapur et al.,
2015; DARE-ICAR Annual Report

2018-19, 2019). For this, the farms
will need to increase their output by
17% as land for agricultural produc-
tion becoming a scarce resource.
Over the years, Indian farming
system has not given an expected
remuneration to farmers besides its
remarkable growth in food-grain
production and processing sectors.
However, agriculture remains a
principal means of livelihood for
over 58% of the rural households
and 86% of small and marginal land
holdings (Mehta et al., 2019). In ad-
dition, as per World Bank estimates,
half of the Indian population will
be urban by the year 2050. It is es-
timated that the percentage of agri-
cultural workers of total work force
will reduce from 54.6% in 2011 to
25.7% in 2050. This highlights the
need to enhance farm power avail-
ability and farm mechanisation level
in the country (Mehta et al., 2014;
NITI, 2018).

Agricultural mechanization is an
important symbol of agricultural
modernization. The agricultural
equipment is the carrier of agri-
cultural modernization and thus
an important tool used to promote
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agricultural mechanization. The
level of economic development has
a positive impact on the mechani-
zation level. As India’s economy
has diversified in recent years, the
contribution of agriculture as a pro-
portion of GVA has decreased from
18.2 in 2014-15 to 16.5 in 2019-
20. The demand for food in Indian
market is growing considerably
which requires increasing agricul-
ture production. The level of farm
mechanization in USA, Russia,
Brazil, China and India has been
reported as 95, 80, 75, 60 and 45%,
respectively. However, the level of
mechanization is inversely propor-
tional to contribution of agriculture
in the countries GDPs (World Bank
Indicators, 2013; Mehta et al., 2019).
Therefore, there is a need for further
promotion of farm mechanisation.
It is estimated that global market
of agricultural implements and ma-
chinery is worth around US$ 200
billion in 2019 and Asian countries
are contributing more than 60% to
total demand (Kapur et al., 2016;
FICCI, 2019).

Presently, the farm machinery in
India are being primarily used for
production of field crops like cere-
als, pulses and oilseeds crops. The
agricultural mechanization is at an
early stage in India and growing at
7.5% per annum in spite of challeng-
es of small land holdings, cropping
pattern, market prices of crops, min-
imum support price (MSP) and gov-
ernment policies and legislations.
The ignorance of these challenges
will exaggerate the redundant la-
bour force, low return against inputs
for yield and ultimately decrease
the enthusiasm of farmers in agri-
culture. Due to lower probability of
increase in net cultivated area and
scarcity of agriculture labour in the
near future, Indian agriculture may
require energy intensive agriculture
with higher input use efficiency, bet-
ter soil health management practices
and value addition to produce in
production catchments.

Within Indian ecosystem, labour-

intensive farm activities are au-
tomated, stakeholders (farmers,
labours, manufactures, etc.) and
decision makers across the value
chain are more connected with one
another, and information and data,
physical products, service and touch
point experiences will be united as
one integrated solution that solve
users/stakeholders needs. In such
a complex and rapidly evolving
environment, it will be difficult to
achieve clarity on what are the big-
gest emerging opportunities and
need of farm machinery manu-
facturers and service providers to
create commercially successful
propositions. It will enable the agri-
cultural machinery manufacturing
industries for sustainable production
in country.

In this paper, the rapidly chang-
ing environment in mechanization
of Indian agriculture is studied and
suggested the approaches and strat-
egies to make Indian agriculture
smart based on opportunities in fol-
lowing areas.

Smart Farming

Smart farming is a management
concept using recent technologies
such as precision agriculture and
digital agriculture to improve qual-
ity and quantity of farm produce as
well as input use efficiency. These
techniques are well supported by
artificial intelligence for weather
prediction, detection of pest and
diseases, site specific application of
water and nutrients, optimize crop
planning for maximizing yield and
profit.

The applications of new technolo-
gies viz. precision agriculture, digi-
tal agriculture and artificial intel-
ligence (Al) are heralding the start
of a new revolution in agricultural
production. The recent and emerg-
ing technological development such
as Internet of Things (loT), drones
and robots, are accelerating changes
around the agricultural mechaniza-

tion across the world. Taken togeth-
er and deployed effectively, these
emerging trends and technologies
have the potential to usher in a new
golden age of smart agriculture.

Precision Agriculture

Precision agriculture (PA) tech-
nologies can help to meet new chal-
lenges by applying the right inputs
(seeds, fertilizers, chemicals, water,
etc.), in the right amount, at the right
place, at the right time, and in the
right manner. The importance and
success of precision agriculture lies
in these five “R”. Presently, research
on precision agriculture is at initial
stage and developed technologies
are in laboratories in India. The PA
technologies such as sensors (soil
nutrient, temperature, fertility, and
moisture gradients), guidance sys-
tems (often enabled by GPS, GNSS,
RFID), variable-rate input technolo-
gies (VRTs), automated machinery
(automatic control and robots) and
advanced imaging technologies
(including satellite and drone im-
agery) have been developed to map
the variability and manage at field
level. A few potential precision
agricultural technologies such as
fixed rate seed drill, low cost SPAD
meter, spectral reflectance (NDVI)
based fertilizer applicator, uniform
rate sprayer, real time soil moisture
based sprinkler irrigation system,
automatic irrigation system for rice
and automatic yield monitor for in-
digenous combine harvesters have
been developed and tested at ICAR-
Central Institute of Agricultural En-
gineering (CIAE), Bhopal (Chandel
and Agrawal, 2019).

The low cost SPAD meter has
been developed for indirect mea-
surement of chlorophyll content of
leaves in the field crops (Anony-
mous, 2017a). It is a compact hand-
held and portable unit and can be
plugged to OTG enabled android
smartphone for display and data log-
ging of SPAD values. Two row on-
the-go variable rate spectral reflec-
tance based urea applicator for top
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dressing has been developed for rice
and wheat crops (Fig. 1). It is 5.5 kg
in weight and has swath width of 4
m. The NDVI based variable rate
fertilizer application system resulted
in 8-15% savings in application of
urea fertilizer in wheat and rice
crops in areas with spatial nitrogen
variation (Anonymous, 2016). The
GPS based variable rate fertilizer
applicator has also been developed.
The application accuracy of the ap-
plicator ranged from 89.3% to 98.1%
at various discharge rates for 8 x 8
m size grid (Mehta, 2015; Chandel
et al., 2016).

An ultrasonic sensor based spray-
ing system, sensor-based system for
sugarcane bud cutting and plant-
ing, tractor-implement monitoring
system, automatic depth and draft
control for fuel economy and im-
age based herbicide applicator have
been developed and tested at IIT,
Kharagpur. The percentage saving
of chemical by tractor operated ul-
trasonic sensor-based pomegranate
sprayer was 25-30% and 45-50%
with turbo nozzles and hollow cone
nozzles, respectively as compared to
whole field spraying system (Mehta,
2015). Further, Punjab Agricultural
University (PAU), Ludhiana has
developed an optical sensor (Yara)
based fertilizer application system,
an automatic EC and pH mapping
system and a batch type yield moni-
toring system for indigenous com-
bine harvesters. The real-time uni-
form rate spraying system has been
developed at ICAR-CIAE, Bhopal.
It helped in uniform application of

Fig. 1 NDVI based variable rate urea applicator for rice and
wheat crop

chemical and reduced loss of chemi-
cals during turning at head lands
(Fig. 2). The results of these preci-
sion technologies are encouraging,
however, their adoption on large
scale is lacking due to high cost of
these machinery.

Digital Agriculture

Digital agriculture (DA) consists
of a wide range of technologies,
most of which have multiple ap-
plications along the agricultural
value chain. These technologies
include cloud computing/big data
analysis tools including block chain
and smart contracts, the Internet of
Thing (loT), digital communica-
tions technologies (mobile phones)
and digital platforms (e-commerce,
agro-advisory apps, e-extension
websites). The government of India
has planned to digitize farming
system for sustainable agriculture
productivity. Agricultural research
institutions, universities, and other
organizations are working on digital
farming to solve various agriculture
related problems. IIT Bombay in
collaboration with Japan has devel-
oped a Geo-ICT and WSN based
DSS for agriculture/environment
assessment. Under the Information
Technology Research Academy
(ITRA) project at 11T Kharagpur,
work has been carried out on ap-
plications of loT and UAVs in smart
farming. The Coordinated Pro-
gramme on Horticulture Assessment
Management using geoiNformatics
(CHAMAN) was initiated in 2014
for area assessment and production

forecasting of 7 major horticultural
crops on pilot basis using sample
survey methodology and remote
sensing technology across 12 states.
The project “Forecasting Agricul-
tural Output using Space, Agro-me-
teorology and Land (FASAL)” based
observations is one of the successful
initiations under digital agriculture
and is an Al-powered loT-SaaS plat-
form for horticulture crops. It has
raised $1.6 million in seed funding
to build a world-class solution for
two core problems of horticulture
farmers to manage irrigation and
diseases/pests. The sensor array
can be installed in field by farmers
in less than 15 min and measures
multiple dynamic variables, includ-
ing micro-climate, soil and crop
conditions. It uses machine learning
(ML) to transform the sensor data
into farm level predictions, which
help farmers anticipate various risks
and reduce input costs by optimis-
ing crop protection, irrigation and
crop nutrition. The introduction of
a low-cost, mobile phone-based ag-
ricultural extension system among
1,200 farmers in the state of Gujarat
had a positive and significant effect
on agricultural yields and efficient
input use in cotton cultivation. As a
result of using this service at a cost
of less than $10/year/farmer, farm-
ers’ marginal net income increased
by approximately $100/year/farmer
and yields increased by 8.6% for
cotton and 28.0% for cumin crops
(Anonymous, 2019). On the other
hand, digital technologies involved
in e-commerce platforms, e-exten-

Fig. 2 Sensor based real-time uniform rate spraying system
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sion services, warehouse receipt
systems, block chain-enabled food
traceability systems, tractor rental
apps, etc. fall under the umbrella of
digital agriculture.

Marut Dronetech, a start-up, has
developed an intelligent and autono-
mous drone for spraying application
in agriculture. The drone collects
data, analyses them and generates
disease map of a particular field
with the help of RGB (red, green,
blue), hyper, multi-spectral cameras
and powerful sensors. Drone takes
the payload with it and sprays the
targeted areas using a predefined
route. The start-up is presently
working with input manufacturers
and Farmer Producer Organisations
(FPOs) to provide services (Kurm-
anath, 2019). It has already covered
about 2,000 ha of crops by targeted
spraying of pesticides in Telangana
and Andhra Pradesh states.

Artificial Intelligence in Agricul-
ture

Using artificial intelligence (Al)
platforms, one can gather large
amount of data from government
and public websites. Presently, ar-
tificial intelligence (Al) based on
machine learning (ML) is not exten-
sively used in Indian agriculture for
automatic data collection, analysis,
decision making and controlling
the various tasks using different al-
gorithm and mathematical models.
The Al offers vast opportunities for
advance application in agriculture.
The use of Al with computer vision
and robotics is able to build next-
generation agriculture equipment
those can identify defects in fruits
and vegetables, detect stresses in
crops, assess nutrient deficiencies
in soil, reduce chemical application
and harvest high value crops. There
is a growing interest in applying Al
to develop smart farming practices
to minimize yield losses in crops by
early warning.

Al based agricultural machinery
is becoming more and more intelli-
gent. Al based sensors have become

basic components on autonomous
tractors, self-propelled machinery
and implements. Within PA and dig-
ital agriculture based applications,
Al based automated data acquisition
will have the highest priority. Mi-
crosoft in collaboration with the In-
ternational Crops Research Institute
for Semi-Arid Tropics (ICRISAT),
Hyderabad has developed an Al
Sowing App powered by Microsoft
Cortana Intelligence Suite including
Machine Learning and Power BI.
The App sends sowing advisories
to participating farmers about the
optimal date to sow. The best part
is that farmers do not need to install
any sensors on their farms or incur
any capital expenditure. They only
need a feature phone capable of
receiving text messages. These Al-
based sowing advisories led to 30%
higher yield per hectare (Microsoft
News Center India, 2017).

Precision Irrigation

Globally, agriculture accounted
for 90% of freshwater consumption
for irrigating 20-30% of agricul-
tural land of which contribution
of surface water and ground water
was 60% and 40%, respectively
(Chaturvedi et al., 2013; Smilovic
et al., 2015). India has 18% of world
population, and 4% of world’s fresh
water, out of which 80% is used in
agriculture. Of the net sown area of
140.1 Mha, only 68.4 Mha is net ir-
rigated area (DARE-ICAR Annual
Report 2018-19, 2019). With advent
of climate change and increase in
demand of water for other com-
petitive uses such as domestic and
industrial use, water available for
irrigation will be limited in future.
The conventional surface irrigation
methods such as border, check ba-
sin and furrow have low efficiency
(30-60%). In addition, they have
limitations of uniform distribu-
tion of irrigation water in terms
of space and time, higher seepage
and percolation losses and affected
by soil type and topography of the
land. Precision irrigation methods

such as drip and sprinkler irrigation
minimize water loss as water is car-
ried through closed pipelines and
delivered at desired rate resulting in
higher conveyance and application
efficiency. Therefore, there is a huge
potential to bring more area under
irrigation in India.

The Government of India imple-
mented the National Mission on
Micro-Irrigation (NMMI) scheme
to enhance water use efficiency in
the agriculture sector by promoting
appropriate technological interven-
tions like drip and sprinkler irriga-
tion systems and encouraging the
farmers to use water saving and
conservation technologies. The
scheme in this form continued up to
2013-14 and is being continued as
centrally sponsored scheme on Mi-
cro Irrigation under Pradhan Mantri
Krishi Sinchayee Yojana (PMKSY).
The scheme has benefitted the farm-
ers in term of enhanced productiv-
ity and reduced cost of electricity
and fertilizers consumption. The
average productivity of fruits and
vegetables increased by about 42-
52% and fertilizer usage reduced by
28%. Besides, the scheme has also
succeeded in reducing the irriga-
tion cost by 20-50% and electricity
consumption by 31%. Moreover,
this led to increase in water use ef-
ficiency by 50-90% and farmer’s
income by 42%. Given its higher ef-
ficiency and ease of implementation
within months as compared to con-
ventional irrigation projects which
need years to create infrastructure
to implement, micro-irrigation sys-
tem can go a long way in address-
ing the issues faced by country and
agriculture sector. The integration
of micro-irrigation with watershed
projects particularly for utilization
of harvested water as aimed under
PMKSY too are likely to result in
an efficient utilization of available
water resources in agriculture with
significant savings of water for ex-
tending the irrigation facilities to
un-irrigated areas.

The indicative costs per hectare of
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drip, micro and mini sprinkler irriga-
tion systems are Rs. 25,000-75,000,
Rs. 58,000-68,000 and Rs. 85,000-
95,000 (One US $ ~ 74 Rs.) , respec-
tively depending upon type of crop/
spacing/material used and source of
water (Anonymous, 2017b). Small
and marginal farmers are often not
looking at saving of water, energy
and fertilizer due to high initial
investment of these systems. There-
fore, reducing manufacturing cost of
the products and/or material replace-
ment or increasing life of system are
a few areas for further research.

The sensors available for moni-
toring of different soil and climatic
parameters such as soil moisture
and temperature for automated irri-
gation system are costly and not ro-
bust. The number of sensors per unit
area and their placement are also
important and provide soil moisture
data at a particular point at a depth
(Fig. 3). The wetted area of different
micro-irrigation systems need to be
considered to provide representa-
tive data to decide about number of
sensors per unit area for irrigation
scheduling. The variable rate irri-
gation application can be designed
considering soil heterogeneity. The
yield mapping and/or traditional
soil sampling can help to identify
different soil zones according to
their physico-chemical properties.
However, electro-magnetic induc-

Fig. 3 Real time soil moisture sensor based automatic sprinkler irrigation system

tion (EMI) or near-infrared (NIR)
system can be used on a field to map
spatial soil variability.

The biotic as well as abiotic
stresses of plants can be assessed
using high resolution imagery. Sat-
ellite data, use of unmanned aerial
vehicles and drones can be used for
procuring high resolution thermal
and RGB images for spatial soil
moisture mapping/plant water stress
monitoring which can be used as
inputs for activating an automated
irrigation system. These techniques
can lead to precision and site-
specific irrigation overcoming field
variability and soil heterogeneity.
The potential of near-surface re-
mote sensing as a scalable platform
for collecting high-resolution plot-
specific data in addition to local
images captured using smart phones
can be used in supporting crop dam-
age insurance, crop modelling, and
extension for building resilience to
yield risk and maintaining sustain-
able food security in smallholder
agricultural systems (Madramootoo
and Morrison, 2013).

The real time irrigation schedul-
ing using sensors can be achieved
using Wireless Sensor Network
(WSN), loT and Al based technolo-
gies. Currently, automation is being
practiced using embedded system
and micro-controller with the help
of solenoid valves in a few Indian

farms. However, these are limited
to research level and/or small scale.
The research in future should fo-
cus on development of irrigation
scheduling using techniques such
as machine learning, deep learning
and artificial intelligence. The com-
pact and robust sensors can also be
developed using nano-technology
having high accuracy.

Solar Powered Irrigation

The success of government poli-
cies and programs such as PMKSY,
National Water Policy, National
Mission of Sustainable Agriculture
etc., is limited due to India’s energy
crisis leading to widespread power
outages and unscheduled interrup-
tions across rural and urban India.
As micro-irrigation systems are
operated at standard operating pres-
sure (98-392 kPa), pumps are re-
quired to generate desired pressure
irrespective of source of water. In
India, it is estimated that about 21
million pumps are electricity oper-
ated and 8.8 million pumps are die-
sel engine operated, while only 0.13
million are solar powered pumps.
The unscheduled power outages
in India also affect the timing and
supply of irrigation water to field
crops. Although diesel engine oper-
ated pumps allow more flexibility as
compared to electrical pumps (AC
power), but availability of diesel and
its cost are the major constraints
(Garg, 2018).

The solar irrigation system con-
sists of solar cells, electricity gener-
ator and pump. In this, solar energy
absorbed by cells (panel) is convert-
ed into electrical energy by genera-
tor and fed as input to motor driven
pump. The Government of India
through Kisan Urja Suraksha evm
Utthaan Mahabhiyan (KUSUM)
scheme has planned to provide solar
pumps where grid electivity has not
reached. The Ministry of New and
Renewable Energy of Government
of India has launched the scheme to
provide subsidy to farmers on in-
stallation of solar irrigation pumps
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(SIPs) for their farms. Under the
scheme, the farmers will have to
spend only 10% of total expenditure
to acquire and install a solar pump
and 60% of cost will be borne by
government and the remaining 30%
will be given as loan by the bank as
credit.

The solar pumps not only irrigate
the farms but also generate safe
energy. Farmers can also sell extra
power to power supply companies
to generate extra income. However,
high initial investment and variable
yield (discharge) as per the solar
radiation are some of the issues for
their large scale adoption. The up-
front cost of solar pumps, heavily
subsidized supply of electricity to
the rural sector, poor after-installa-
tion maintenance support and lack
of awareness of the benefits of solar
pumps prevent most of Indian farm-
ers from shifting from less efficient
and unsustainable modes of irriga-
tion to solar water pumps.

Smart Phone Based Apps

Number of smart phone users in
India are likely to get double (401
million) by 2020 as compared to 199
million in 2015. With an increasing
trend in growth in digital services,
Indians downloaded more apps
(12.3 billion) in 2018 than residents
of any other country except China.
This was due to reduction in data
cost by more than 95% as compared
to 2013. Large number of mobile
apps related to agriculture and allied
areas have been developed. These
apps support weather forecasting/
warning, disease and pest manage-
ment, market updates, crop insur-
ance and payment gateway indi-
vidually or in combination. Further,
these apps can be connected to data
acquired from drones, cameras, sat-
ellite images for forecasting/predict-
ing plant diseases at an early growth
stage.

ICAR-CIAE, Bhopal has devel-
oped web-based app to suggest
machinery package for different
cropping systems of India. The app

suggests farm machinery package
based on agro-climatic region, state,
district, cropping pattern and power
source. The apps also recommend
an estimated cost of farm machinery
package, list of manufacturers and
their addresses. An Android smart-
phone based app ‘KRISHI Yantra’
has also been developed (Fig. 4).

The app “Kisan Suvidha’ provides
information on weather updates, 5
days’ weather forecast, soil informa-
tion, market prices, location of cold
storage system and godowns, etc.
The app “CHC Farm Machinery”
has been developed for farmers to
avail custom hiring services from
the nearest custom hiring centre
(within 50 km radius). The “Bhuvan
Hailstorm” app helps to estimate
losses in crop yield due to hail-
storm. The information on location
(latitude and longitude), crop details
and photographs are required by the
app as inputs.

Strategies for Smart Farm
Mechanization

Present Indian agriculture is high-
ly labour intensive whereas smart
agriculture is all about machines
and technologies. The Department
of Agricultural Cooperation and
Farmers Welfare (DOAC & FW)

-8 %0 G ITRPM

State *

Agrochimatic Reglon *

Vindhya Plateau L

Click here for
package details

Fig. 4 Android smartphone based KRISHI Yantra Mitra app
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and Department of Agricultural
Research and Education (DARE) of
Government of India are engaged
to enhance technical cooperation
among state departments of Agricul-
ture/Agricultural Engineering, State
Agricultural Universities (SAUs),
research institutes and associate
members of NARS as well as other
interested NGOs, through extensive
exchange of information, sharing of
knowledge and promotion of R&D
and agri-enterprise development in
the areas of sustainable agricultural
mechanization, in order to attain
the nationally agreed development
goals.

The research institutes of Indian
Council of Agricultural Research
(ICAR), SAUSs, IITs, NITs and other
private organizations are involved in
development of technologies based
on precision agriculture (PA), digi-
tal agriculture (DA) and Al through
different projects such as the Na-
tional Agricultural Innovation
Project (NAIP), Consortia Research
Platform on Farm Mechanization
and Precision Farming (CRP on
FMPF), AICRP on Farm Imple-
ments and Machinery, etc. These
institutes are applying modern tools
and techniques for application of
sensors and robotics in planting,
rice transplanting, auto-guided
tractor, drone-based spraying with
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the help of Al, etc. It is vital that
these centres should focus on the
stakeholders’ interests to ensure that
research concepts (farming methods
and machinery) may not remain at
the prototype stage.

The themes of PA, DA and Al in
agriculture can be applied across
disciplines and may bring a para-
digm shift in how we see farming
today. The following strategies will
not only enable farmers to do more
with less but also help to improve
quality and ensure faster go-to-
market for crops.

1. Promotion of digital farming and
precision agriculture technolo-
gies in addressing issues related
to sustainable farming through
research & development and fi-
nancial assistance.

2. Need for increased application of
precision agriculture and smart
agriculture with involvement of
private sector for farm mechani-
zation.

3. The potential of vertical farming
may be harnessed by next genera-
tion drones enable with advanced
navigation technology and Al.

4. The advancement in agri-bot will
directly address the challenge of
labour drain and further unlock
productivity potential.

5. Establishment of an interactive
digital platform to allow farm-
ers full access to information
and technology databases, expert
systems and DSS for web based
agro-advisory, skill development,
machinery management and fi-
nancial assistance.

6. The agriculture should shift focus
from productivity per unit area of
land to irrigation water productiv-
ity. The applications of ground-
based sensors and remote sensing
data at high spatial and temporal
scales can be integrated for fore-
casting and allocation of irrigation
water.

7. Promotion of an app-based farm-
er-to-farmer aggregation plat-
form, which bridges the demand
and supply gap of machinery or

equipment by connecting owners
of tractors and farming equipment
with those who require their ser-
vices.

8. Human resources development of
scientists and technical manpower
in smart agriculture technologies
such as Al, precision agriculture
and digital agriculture.

9. The drudgery prone and repetitive
farm operations such as weed-
ing, spraying and harvesting of
costly fruits and vegetable can be
enabled with Al, leading to im-
proved accuracy and productivity.

10. The data captured/generated by
drones can be used to implement
crop insurance schemes to evalu-
ate/verify crop damages claims.
Farmers can make insurance
claims by capturing drone feeds
as evidence.

Conclusions

There are four recurring themes
for sustainable smart agricultural
mechanization in India.

1. Farm power and agricultural
machinery are essential inputs if
sustainable agricultural produc-
tion and productivity are to be
increased and managed to feed
India’s burgeoning population.

2. The intensification of crop pro-
duction must be sustainable. Its
environmental footprint (carbon
and energy) must be as low as
possible and in any case lower
than the rate of natural renewal.

3. Top-down solutions are rarely ef-
ficacious. All stakeholders need to
be considered from the outset and
the private sector must lead the
development process on the field.

4. A holistic, value-chain approach
is necessary for agricultural
mechanization, going beyond
green production through preci-
sion agriculture and digital agri-
culture.

If agricultural mechanization ef-
forts are to succeed in India, there is
an urgent need for all stake holders

like farmers, manufacturers, sup-
porters, planners or decision mak-
ers, to understand and contribute to
smart agricultural mechanization
efforts across the entire farming sys-
tem. There is also a need for region-
al research & development complex
and centres of excellence that can
guide national policy towards sus-
tainable agricultural mechanization.
The large agricultural tractor and
machinery manufacturing sector
in India requires incentives for the
manufacturing of equipment for
sustainable mechanized agricultural
practices.
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Abstract

Bangladesh is predominantly an
agrarian country with agriculture
is the most important sector. Va-
rieties of crops cultivated in large
quantities in the country due to its
fertile land and favorable weather.
Mechanization is an essential input
in the agriculture of any country.
For increasing crop production and
reducing field losses, mechaniza-
tion is inevitable in the agriculture
of Bangladesh. This review article
has focused the present status, chal-
lenges, and prospects of agricultural
mechanization towards achieving
the Sustainable Development Goals
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(SDGs) in Bangladesh. At the be-
ginning, the article has overviewed
the presents status and trends, later-
the impact of agricultural mecha-
nization and the status of precision
farming. Finally, the challenges and
prospects of sustainable agricultural
mechanization have been discussed.
The major findings of this study are
as follows: Government has taken a
mega project to handover huge num-
bers of farm machineries through
subsidy program; Government of
Bangladesh is trying to patronize
local machinery manufacturers for
more productive and self-dependent;
all levels stakeholders are giving
significant effort to accelerate ag-

ricultural mechanization; employ-
ment opportunity of relevant human
resources in DAE and other orga-
nizations has been started which
will be enhanced farm mechaniza-
tion; researches on smart farming
system, agro-entrepreneurship and
handling of modern farm machines
in the field level has been considered
especially; private organizations are
importing demand based machines
and providing credit loan system,;
national agricultural mechaniza-
tion policy in alignment with SDGs
has been approved recently which
will be an appropriate guideline for
implementation of modern farming
system in Bangladesh.
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Introduction

Bangladesh is an agricultural
country where this sector contrib-
utes about 14.2% of the country's
GDP, with a growth rate of 0.5%
(BBS, 2018). The main staple crop
is paddy, accounting for 74.85%
of the total cropped area and 95%
in production. With the growth of
population, by 2030 the popula-
tion of Bangladesh would be about
200 million that need to double the
production of paddy in Bangladesh.
On the other hand, the current labor
force employed in on-farm agricul-
tural activities is about 43%, and
that would have been reduced to
about 36.1% by 2020 (BBS, 2020).
That poses a significant challenge to
Bangladesh's agriculture for almost
double the present paddy production
with the decreasing number of la-
bour force. To face the challenge of
feeding the growing population, the
demand for agricultural mechaniza-
tion as an essential input has been
recognized by our policymakers and
planners.

Bangladesh has a long history of
agricultural mechanization. The
country has taken various paths on
the way to agricultural mechaniza-
tion. Before the independence of
Bangladesh, different irrigation
technologies like large-scale canal
systems, deep tubewells, swing
buckets, and dhones were used.
Rural entrepreneurs of public and
private sectors were sold water lifted
by the heavy engine operated low-
lift pumps. After independence,
the government of Bangladesh has
changed irrigation policies, especial-
ly shallow tubewells for groundwa-
ter, and low-lift pumps for surface
water were promoted (Biggs and
Justice, 2015). In the 1980s, shal-
low tubewells powered by Chinese
diesel engine and two-wheel trac-
tors (2WTs) by Japanese aid were
spread in Bangladesh. In 1989, about
5,000 2WTs, 15,519 deep tubewell,
223,588 shallow tubewell, 57,200
low lift pump, 3,000 open drum

thresher, and 1,000 closed drum
thresher were available in Bangla-
desh (Biggs and Justice, 2015). In
the early 1990s, a huge number of
elements of agricultural mechaniza-
tions, including shallow and deep
tubewells with diesel engines and
2WTs for tillage operation have been
provided to a significant number
of farmers and service providers in
Bangladesh. Later on, efforts were
made to introduce different types of
machinery to motivate farmers and
service providers to use these ma-
chines such as reapers, seeders, and
conservation agriculture machines
such as zero-till and bed planting.
The widespread adoption of these
machines by smallholder farmers is
still to be achieved (iDE, 2012).

The fourth-largest rice producer
country Bangladesh has achieved
self-sufficiency in rice production
(Gurung et al., 2017). For the timely
completion of cultivation related ac-
tivities, reducing production losses,
and overcome the shortage of labor,
acceleration of agricultural mecha-
nization is urgently necessary for
Bangladesh. In alignment with the
existing production and mechaniza-
tion status, farmers, government,
and non-government sectors are
doing their best to accelerate the
mechanization in agricultural pro-
cesses. The government of Bangla-
desh has been formulated mechani-
zation strategies in connection with
SDGs. To attain the SDGs related to
agriculture, agricultural production
should be doubled per acre by 2030
for which further mechanization of
agricultural processes is needed.

The demand of effective agricul-
tural machinery including combine
harvester, reaper, rice transplanter,
power thresher, power weeder,
power sprayer, drier, potato digger,
maize sheller, and fertilizer distribu-
tor is increasing day by day. Besides
imports, local machinery manufac-
turers meet 20% demand of agricul-
tural machinery in Bangladesh. The
government has taken an initiative
to hand over 56,000 agricultural

machinery to the farmers through
a mega project worth Tk 3,020
crore (30.2 Billion USD) started in
2020. In the project, the government
will patronize the local machinery
manufacturers for building capacity
so that they will be more productive
and self-dependent. Farmers and
service providers will get an op-
portunity to purchase agricultural
machinery in the haor area at 70%
subsidy and 50% subsidy in other
areas (Seraj, 2020). In the project,
the government has aimed to reduce
post-harvest losses of crops, includ-
ing the main crop rice, by up to
15%, save 50% time in cultivation
time and cut costs by 20% (Parvez,
2020).

There are several agricultural
universities (BAU, Sylhet-AU, Sher-
e-Bangla-AU, BSMRAU, HSTU,
PSTU, KAU), public organizations
(DAE, BRRI, BARI, BINA, BSRI,
BJRI) and private organizations
(ACI Motors limited, The Metal
(Pvt.) limited, Alim Industries,
Mahbub Engineering workshop,
Bangladesh Machine Tools Factory,
Chittagong Builders and Machinery
limited, iDE, CSISA-BD, CIMMYT,
FAO, etc.) are giving services in dif-
ferent ways for accelerating mecha-
nization with the aimed of resources
conservation, reduction of losses and
reduction of the unit cost of produc-
tion. All of them are being suggested
custom hiring service provision
models and community-based culti-
vation and precision agriculture for
the appropriate scale of agricultural
mechanization so that small-holders
may get easy access to all kinds of
agricultural machinery.

Precision agriculture (PA) is a
crop management strategy that uses
information technology to collect,
process, interpret, decision-making,
and implement field or crop data to
increase productivity and reduce
risks. Among various PA technolo-
gies, GPS and GIS seem quite prac-
tical from Bangladesh’s perspective.
GPS can also be used to identify
the causes of inefficiencies, such as
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machine idling, and can help make
better decisions to increase produc-
tivity. In combination with GPS,
GIS may aid in controlling the navi-
gation of farm vehicles. Information
obtained from the GIS can be used
to control various processes, such
as seeding, planting, fertilizer, and
pesticide application at an appropri-
ate rate and manner. Precision ag-
riculture technologies can increase
productivity by manifolds. The
Department of Farm Power and Ma-
chinery (FPM) at Bangladesh Ag-
ricultural University, DAE, BRRI,
BARI, SPARRSO are playing a
vital role in the research of precision
agriculture technologies. They are
emphasized various PA technologies
like GPS, GIS, and others through
various active projects. Different
research organizations and univer-
sities may give more special focus
to PA technologies as they hold
great prospects. Most of the farm-
ers in Bangladesh are poor and have
little to no education, so to make
precision agriculture popular and
sustainable proper training through
agricultural extension service is
essential. All available and prospec-
tive communication channels must
be utilized to disseminate informa-
tion. Moreover, proper guidelines
and national policy are imperative.
Government incentives for public
and private sectors may go a long
way (Ali, 2020).

Although progress of agricultural
mechanization in Bangladesh is
slow but recent activities on agricul-
tural mechanization is satisfactory.
All of the stakeholders, including
the government, are giving their
best effort to accelerate agricultural
mechanization. The review article
aims to present the present status,
challenges, and opportunities of
agricultural mechanization towards
achieving sustainable development
goals (SDGs). A brief history of the
development and prospects of agri-
cultural mechanization in Bangla-
desh toward SDGs has been over-
viewed in the first part. In the sec-

ond part status, spare parts market,
available power, extension activities
for agricultural mechanization, in
the third part impact of agricultural
mechanization on farm women, the
livelihood of rural people, non-farm
sector, the capacity of importer, lo-
cal manufacturers, employment and
custom hire services, in the fourth
part status, research, development,
opportunity, and challenges of
precision farming and the last part
challenges and prospects of sustain-
able agricultural mechanization has
been discussed.

Trends of Agricultural
Mechanization in
Bangladesh

Status of Agricultural Machinery
Used in Bangladesh

Bangladesh agriculture has gone
through a remarkable change since
the 1990s with the liberalization of
the agricultural machinery market
and the emergence of machinery
business owned by an individual
or an independent, commercial
company rather than by the govern-
ment. Besides import and after-sale
service provisions rendered by the
private sector companies, agricul-
tural machinery manufacturing
sub-sector in the country has been

growing significantly. The status of
agricultural mechanization in differ-
ent stages of activities is mainly rice
cultivation as illustrated in Fig. 1.

A study revealed that the tilling
is almost mechanized and the farm-
ers have access to 2WTs custom-
hiring service about 94%, whereas
access to 4WTs is only 3%. How-
ever, timely access to these tilling
machines is not smooth in all areas
of the country and timeliness loss
and cost of production are still
significant. Of the mechanized ir-
rigation, about 66% and 33% of the
equipment were powered mechani-
cally and electrically, respectively.
The shares of DTW, STW, LLP, and
treadle pump were about 32%, 47%,
20% and 1%, respectively. The use
of hand and knapsack sprayers were
found about 23% and 77%, respec-
tively, of which 93% were operated
by human muscle power and only
7% mechanically. The contribution
of different types of foot-operated
thresher, open drum thresher (ODT)
and power operated closed drum
thresher (CDT) were about 14%,
15% and 45%, respectively. The
shares of pedal thresher, open drum
thresher (ODT) and closed drum
thresher (CDT) were about 14%,
15% and 45%, respectively. How-
ever, about 22% of traditionally
beating by hand and treading by

Fig. 1 Percentage of agricultural mechanization in different stages of agricultural
activities for mainly rice cultivation (Hossen, 2019)
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the animal of 4% were still in use
for threshing operation. Winnow-
ing was found enormously manual;
however, about 12% of farmers
were using power tiller (PT) and
electric power-operated stand fan
for cleaning purposes. Drying of the
crop was found totally manual and
mainly depended on nature where
farmers used concrete drying floor
(Chatal), soil hard floor, off-road and
tin shed as 36%, 49%, 7% and 5%,
respectively. Of the mechanized
transportation of agricultural com-
modities, the tractor and PT shares
were found 8% and 64%, respec-
tively. Only about 8% of farmers
were found using cold storage for
potato storage. Other agricultural
products were stored at homestead
using traditional storage technolo-
gies (Alamand Khan,2017b). More
attention needs to be paid for suc-
cessful mechanization, which will
help to attain SDGs and employ
skilled manpower for efficient man-
agement of agricultural machinery
by selecting, identifying, and propa-
gating suitable equipment based
on the soail, crop, yield, and farmer
needs and culture of a particular
area. In this regard, it is necessary
to establish links among the differ-
ent stakeholders to attain the SDGs
in Bangladesh.

Available Power in the Agricul-
tural Operation

The level of available power in an
agricultural farm is one of the ways
to determine the stage of mecha-
nization. During the last 58 years,
the average farm power availability
in Bangladesh improved approxi-
mately 1.82 kW/ha in 2018 from
about 0.24 kW/ha in 1960, as given
in Fig. 2 (Hossen, 2019). The power
availability in Bangladesh increased
from 0.4 kW/ha in 1990 to around
1.4 kW/ha in 2011, whereas India’s
power has also achieved steady
growth from 0.92 kW/ha in 1995/96
to 1.84 kW/ha in 2012 (Alamand
Khan, 2017b). Many countries wit-
nessed remarkable growth in mech-
anization example, China's power
availability per hectare reached 3.56
kW in 2011 and its overall mechani-
zation rate raised from 35% in 2004
to 59% in 2013.

Present Status of Agricultural
Machinery

In recent years, the degree of ag-
ricultural mechanization has been
begun to move more quickly in Ban-
gladesh. But the level of its overall
progress is still comparatively low
compared to the fully mechanized
countries. At present, 80% of the
land is prepared by PT and 18%
by tractor or 2WTs and/or 4WTs
(Islam, 2018; Kienzle et al., 2013).

Table 1 Present status of agricultural machinery in Bangladesh (MOA, 2016; Islam et

al., 2017)

Name of the machine Quz;r;tlty, Name of the machine Quﬁgt'ty'
Diesel engine 2,500,000 |Weeder 250,000
Power tiller 700,000 | Seed-cum-fertilizer distributors 60
Tractor 60,000 ||Granular urea applicator 1,600
High-speed rotary tillers >4,000 |Prilled urea applicator 18,000
Seeder 5,000 Sprayer 1,300,000
Rice transplanter 322 Reaper 1,434
Combine harvester 1,430 ||Power driven pump 167,175
Open drum thrasher 280,000 |Deep tube well 35,566
Hand Maize sheller 12,000 ||Shallow tube well 1,548,711
Power Maize sheller 3,000 | Low lifting pumps 77,784
Closed drum thresher 220,000 |Manually operated pumps 10,801
Winnower 3,000 Traditional pumps 64,235
Dryer 600 Solar pump 320

However, mechanization of other
agricultural field operations is still
very low in Bangladesh; thus, the
adoption of other agricultural equip-
ment such as bed makers, seeders,
weeders, harvesters and winnowers
is not common (Islam, 2018). One
of the strategies can make double
farm production per acre by 2030,
for which further mechanization
of agricultural processes, particu-
larly harvesting, transplanting and
packaging, is a considerable indica-
tor. Table 1 presents the existing
scenario of agricultural machinery
available in Bangladesh.

Research and Development of Agri-
cultural Machinery in Bangladesh

The Department of Farm Power
and Machinery of Bangladesh Ag-
ricultural University (DFPM-BAU),
Bangladesh Rice Research Institute
(BRRI), Bangladesh Agricultural
Research Institute (BARI), Bangla-
desh Sugarcane Research Institute
(BSRI) and newly established agri-
cultural universities are engaged in
research and development of agri-
cultural machinery and technologies
suitable for the socio-economic and
technological condition of Ban-
gladeshi farmers. However, a very
good number of agricultural ma-
chinery has been developed in these
institutes.

The DFPM-BAU developed some
machinery and equipment such as
Neck harness, improved animal-
drawn plough, Manually operated
seed drill, Orchard sprayer, BAU-
Z1A seed fertilizer distributor,
Self-propelled BAU reaper, Solar
tunnel drier and BAU-STR dryer.
In last five and half years, a group
of academicians and researchers of
DFPM-BAU are giving field level
training on agro-entrepreneurship
development, operation and repair &
maintenance of agricultural machin-
ery with the involvement of women
and youth under Feed the Future
(FtF), USAID funded appropriate
scale mechanization innovation hub
(ASMIH)-Bangladesh and post-

VOL.51 NO.4 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 109



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

harvest loss reduction innovation
lab (PHLIL)-Bangladesh projects.
Through these projects, harvesting
and transplanting technologies, ad-
vanced hermetic storage and drying
technologies are being promoted
in the field level for reducing post-
harvest losses of paddy and other
cereal crops in Bangladesh.

The BRRI has developed 38 tech-
nologies out of which BRRI Rice-
wheat thresher, BRRI open drum
thresher, BRRI weeder (both man-
ual and power) is widely utilized.
Some other attractive technologies
are BRRI manual rice transplanter,
BRRI solar light trap, BRRI rice
transplanter cum fertilizer applica-
tor, BRRI PTO mounted reaper,
BRRI winnower, BRRI USG appli-
cator, BRRI prilled urea applicator,
BRRI seed dryer, BRRI improved
oven and rice parboiling system.
BRRI is trying to popularize the
developed machinery through dif-
ferent government-funded projects.
Research activities are progressing
to develop multi-crop seeder, and
power tiller mounted reaper, etc.

The BARI has so far developed 25
technologies and equipment. Out of
these technologies and equipment,
maize shellers, and multi-crop pow-
er thresher, weeders are common
practices. Some other machinery
like mango harvester, potato grader,
power tiller operated seeder, reaper,
and hot water treatment plant need

Fig. 2 Status of mechanical power in agriculture over

the period

Available power, KkW/ha

to popularize among the end-users
and stakeholders.

The BSRI has developed some
farm machinery for the cultiva-
tion and processing of sugarcane
and intercropping. These are small
hot water treatment plant, pedal,
and hand-operated bud chip cutter,
power-operated seed cutter.

Despite all the developments and
constraints, manual labour claims
the highest input cost in rice pro-
duction of the country, as it is still
essential for transporting, weeding,
harvesting, threshing, drying and
many other related activities. The
farmers and rural entrepreneurs are
trying to further mechanize some of
these operations to reduce the cost
of production and time of operation.
Highly coordinated research and
extension among government orga-
nizations (GOs), non-government
organizations (NGOs), and private
agricultural machinery manufactur-
ers are required to support this pro-
cess of mechanization.

Status of Agricultural Machinery
Spare Parts Market

By emphasizing scale appropri-
ate farm mechanization, spare
parts made locally can contribute
an important role in the country's
economy. In general, spare parts
of agricultural machinery (such as
PT, tractors, combine harvester,
transplanter, engine, pump, etc.) are
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both imported from overseas like
China, South Korea, Japan, Viet-
nam and India, and locally produced
in Bogura, Sylhet, Natore, Jashore,
Dhaka and elsewhere in the country.
In 2011, the estimated spare parts
market size in Bangladesh was
about US$ 325 million of which lo-
cal production size was about US$
250 million (Tiwari et al., 2017
Alam et al., 2017). On the other
hand, in 2019, the spare parts mar-
ket size was reached about US$ 369
million of which the local share was
about US$ 295 million (Fig. 3). This
means the significant changes in the
supply chain of available spare parts
each year develop potential local
spare parts manufacturers and re-
duce the use of imported spare parts
in the country (Alam et al., 2017).
This trend is not only saving a
huge amount of foreign currency
but also reducing the dependency
on imported spare parts. In addi-
tion, Bogura city is now becoming
famous as the largest industrial area
for agri-machineries and its spare
parts in Bangladesh, where around
80% of machines and spare parts
such as irrigation pumps, threshers,
maize shellers, piston, liner, etc.
are manufactured, and the rest of
20% is made in Dhaka and Jashore
district. Yet, infrastructures are in-
sufficient for the production of agri-
machinery and its spare parts sub-
sector in Bogura and elsewhere in

Fig. 3 The estimated annual market size of spare parts in Bangladesh

r 76

L 74

I 66

1
Imported Market Size (Million US Dollar)

64

2010 2018 2010 2012

—— Spare parts (Local)

2014 2016 2018 2020

Year
--@--Spare Parts (Imported)

110 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2020 VOL.51 NO .4



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

Bangladesh. A significant number of
skilled and semi-skilled workers are
also employing in that sub-sector,
and further, it is creating opportu-
nities for employment, even then,
this sub-sector is still facing igno-
miny from the proper concern of
policymakers in the country (Alam
et al., 2017). Moreover, for sustain-
able production of spare parts, GoB
must have to pay proper attention
to providing merits on credit to lo-
cal machinery manufacturers for
establishing standard manufactur-
ing plants for spare parts which will
further enhance to attain SDGs in
the country.

Importer and Manufacturer of
Agricultural Machinery

Around 65 importers are avail-
able in the country, of which about
14 importers import tractors and
rotavators from China and India.
Out of 14, only four importers such
as Metal, ACI, Abedin and Alim
industries are mainly importing
combine harvester, reaper and rice
transplanter from China, Japan,
South Korea, Vietnam and India. In

addition, around 51 importers out of
65 are importing all kinds of small
agricultural machinery like power
tiller, diesel engine, pump, knapsack
sprayer and spare parts, respective-
ly. Nearly 100% power tillers (mod-
el name Dongfeng and Sifang) are
imported only from China, which is
widely using in Bangladesh, where-
as sprayers (either power or knap-
sack sprayer) and irrigation pumps
are importing from China, South
Korea and India (Islam, 2018). How-
ever, sprayers and irrigation pumps
have now been manufactured local-
ly. In 2019, the approximate annual
market size of agricultural machin-
ery was reached US$ 1.28 billion in
Bangladesh (Table 2). About 1300
nos. of combine harvester and 934
nos. of reaper were provided this
year, of which about US$ 42.73 mil-
lion was expensed due to the timely
harvesting of paddy in the absence
of labors in the rural area. Gener-
ally, Janata engineering is an agri-
cultural machinery manufacturer
company even though they are im-
porting reaper and rice transplanter
in the country. Besides, Chittagong

Table 2 Approximate market size (in million US$) of agricultural machinery in 2019

Agricultural Machinery Qty Agfig?eugglt TOtaIUgﬂélllon
Power Tillers 45,000 1,562.50 70.31
Tractor 8,000 15,000.00 120.00
Rotary Tiller 3,000 2,500.00 7.50
Combine Harvester 1,200 31,250.00 40.63
Reaper 600 2,250.00 2.10
Transplanter 100 5,000.00 0.50
Pump 750,000 187.50 140.63
Engine 1,200,000 250.00 300.00
Thresher 20,000 562.50 11.25
Seeder 100 937.50 0.094
Weeder 500 2.50 0.001
Sprayer 700,000 18.75 13.13
Maize sheller 7,000 625.00 4.38
Total Farm Machinery Market Price 710.50

(including with Imported and Local)

Repair & Maintenance Cost 35.53

(around 5 -7 % on total value for the first year)

Existing Machinery Repair and Maintenance Cost 532.88

(around 15% on the total value of sold machinery in the last 5 years)

Agricultural Machinery Market Size in Bangladesh 1,278.92

Source: Alim Industries Ltd., Sylhet, Bangladesh

Builders and Machinery Group
(CBM) imports the largest number
of PTs and diesel engines, which is
the leading agro-equipment based
machinery company in Bangladesh.
Beyond import of this machinery
from abroad, currently about 70
foundries, 800 agro machinery man-
ufacturing workshop, 1500 spare
parts manufacturing industries and
workshops, and around 20,000 re-
pair and maintenance workshops are
running in production and servicing
of agricultural machines and spare
parts in the country (Islam, 2018;
Alam et al., 2017). There are also
few agro-machinery workshops and
industries in Bangladesh are playing
a pioneering role in manufacturing
different kinds of farm machinery,
which are Alim Industries Lim-
ited, Sylhet; Rahman Engineer-
ing Workshop, Kushtia; Mahboob
Engineering, Jamalpur; Comilla
Cooperative Karkhana, Comilla;
Janata Engineering, Chuadanga,
and Uttaran Engineering Workshop,
Dinajpur and MAWTS, Dhaka. Like
these manufacturers, lots of small
manufacturers in different parts of
the country has been established to
fabricate irrigation pump, knapsack
sprayers, thresher, seeder, maize
sheller, rice milling equipment and
spare parts of the engine and power
tiller, and meet the local demand
(Islam, 2018). In addition, Metal
(Pvt) Limited and Agro Machinery
Industry Ltd. are manufacturing
farm machinery such as thresher,
USG applicator, sprayer, drum seed-
er.

But, very few manufacturers have
research and development sections
by which farm machinery can be
modified according to the farmers'
demands. Unlike imported ma-
chines and spare parts, local produc-
tion of agricultural machines and
spare parts can also play a vital role
in Bangladesh whether appropriate
action planned on mechanization is
taken for this sub-sector (Alam et
al., 2017). Besides, machinery im-
porters can also set up an assembly
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wing where agricultural machines
will be assembled, which will re-
duce the dependency of imported
machines and the overall cost of
farmers to buy these machines, ac-
celerate sustainable mechanization
in Bangladesh, and achieve the tar-
get of SDGs in agriculture.

Extension Activities for Agricul-
tural Mechanization

Field demonstration plays a vital
role in developing awareness among
farmers and rural society. Govern-
ment of Bangladesh (GoB) is contin-
uously trying to expand the agricul-
tural mechanization works through-
out the country. The Department
of Agricultural Extension (DAE) is
the government organization under
the Ministry of Agriculture (MoA)
providing advisory supports to the
framers regarding all kinds of prob-
lems and solutions in agriculture.
Agricultural Engineers of DAE are
conducting large-scale demonstra-
tions and training programs under
different GoB projects among farm-
ers related to farm machinery and
technologies used in agriculture in
their respective district and Upazilla
agricultural extension offices. The
GoB projects raised tremendous im-
pinge on the disseminating of mech-
anized agricultural operations like
cultivation, harvesting, threshing
and transplanting in Bangladesh. In
2009-12, DAE conducted a project
named “Enhancement of Crop Pro-
duction through Farm Mechaniza-
tion Project Phase-1,” funded by
GoB to outreach the farm machin-
ery throughout the country under
subsidy program, of which farm-
ers have received 25% assistance
from the government to procure the
farm machinery. Recently viewed,
DAE has also been executed the
five-year project named “Enhance-
ment of Crop Production through
Farm Mechanization Project Phase-
11" funded by GoB for 2013-2018
in all over the country. Under this
project, the amount of subsidy was
increased up to 50% so that farm-

ers can easily purchase all kinds of
farm machinery, especially seeder,
transplanter, reaper, mini combine
harvester and thresher (Islam, 2018).
In the fiscal year of 2019-2020, DAE
also executed GoB allocated Tk 200
crore subsidized for the develop-
ment support in agricultural mecha-
nization for the farmers, including
with Tk 100 crore additional fund
due to COVID-19 pandemic where
the subsidy on purchasing of agri-
cultural machinery was 50-70%.
In addition, the government was
supplied combine harvester, reaper,
and transplanter in haor agriculture
under full assistance, which usu-
ally is inundated by the flash flood.
However, the expansion of agricul-
tural mechanization depends on the
combined contribution of different
stakeholders who have access to
mechanization such as government,
research institutes, extension agents,
development partners, manufactur-
ers, traders, dealers, and farmers. In
2016-2018, DFPM-BAU and BARI
were conducted USAID funded
project named “Appropriate Scale
Mechanization Innovation Hub (AS-
MIH)” to adopt the farm machinery
in the southern region (Alam and
Khan, 2017b). The research insti-
tutes such as BARI and BRRI are
also developing on-farm and post-
harvest machinery regarding the
country's perspective and adapting
to the farmers through field dem-
onstration, training, and logistics
support. Likewise, the government
and research institutes, develop-
ment partners such as IRRI, CIM-
MYT, JICA, iDE, ACIAR, FAO,
KOICA and NGOs contribute to the
extension of farm machinery and
technologies with providing proper
training and logistic support to the
end-users. The Ministry of Agricul-
ture (MoA), academic institutions,
research institutions, development
partners and manufacturers arrange
frequent fruitful seminars, work-
shops, motivational tours and field
day to introduce the current research
outputs on the issues, opportunities

and constraints of farm mechaniza-
tion in Bangladesh (Islam, 2018).
Moreover, GoB can provide an in-
tegrated loT controlled software/ap-
plication to the district agricultural
offices from where supervision and
monitoring could be performed on
Upazila extension workers in the
field for proper dissemination of ag-
ricultural technologies for achieving
sustainable mechanization in Ban-
gladesh.

Impact of Agricultural
Mechanization and
Farm Machinery

Livelihood of Rural Poor

The BAU farm mechanization
project (popularly known as REFPI
completed at 2003) evaluated that
the achievements of interventions
made real impacts on the poor's
livelihoods despite the relatively
small scale and the short period of
implementation of RD & E projects.
A wide and often unanticipated
range of livelihood impacts were as-
sociated with increased accessibility
to and information on farm power
by the rural poor. Increased access
to farm power information and tech-
nology has increased labour produc-
tivity, reduced labour shortage bot-
tlenecks, and reduced workload and
drudgery, especially for women. It's
created livelihood opportunities for
renting out implements, often by the
landless, creating a skilled labour
pool amongst agricultural labour-
ers. It also improved service avail-
able for those who can not afford
individual ownership of machinery,
generated employment opportuni-
ties, stimulated entrepreneurship
at the local level, and empowered
partners, entrepreneurs and women.
(Turton and Afsar, 2002). It is also
revealed that the development and
extension of farm power technol-
ogy is an important entry point for
improving the poor's livelihoods.
Indeed, it might extrapolate further
that: ‘If the poor are not given the
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appropriate support for access to
farm power and technology, they
are at risk of being further margin-
alized from development processes’
(Turton and Afsar, 2002).

Impacts on Farm Women

Initially, the farm mechanization
has displaced women labourers from
their traditional jobs but due to the
recent diversification of farm activi-
ties, employment opportunities have
been created jobs for women both in
farm and non-farm activities. The
mechanization very selective in the
recent past has created ample scope
to save time and reduce the drudg-
ery of work so that women could
invest time in other household and
income-generating activities. It has
been observed that the introduction
of mechanized threshers, irrigation
devices, weeders, hulling machine/
dehusker and power operated small
processing units has made a remark-
able impact on women’s role in rural
areas as income-earning members,
contributing to women empower-
ment and participation in decision
making. This has also increased the
social and physical capital of the
family women in Bangladesh.

Impacts onRural Non-farm Sector

During the last couple of decades,
rapid growth and transformation
in agriculture have triggered a
significant expansion of rural non-
farm activities. The rapid growth
of irrigation and power tillage
technologies has stimulated various
manufacturing and services activi-
ties at the local level. These include
manufacturing and trading of farm
machinery and equipment spare
parts, machinery installation, repair
and maintenance services, inputs
and grain trade, crop and food-
processing, rural transport, rural
trade and shop-keeping, etc. The
rise in rural household income has
resulted in a rapid increase in de-
mand for materials and services in
house construction, rural sanitation,
household materials and personal

services.

Capacity of the Importer and Lo-
cal Manufacturers

In recent years, the growth of
local agricultural machinery and
implement the manufacturing in-
dustry is expanding to fulfill the
local demand (Islam, 2018). LLPs,
STWs, sprayers, weeders, paddy
and wheat threshers, maize shellers,
engine and machine spare parts are
being manufactured locally. The
local manufacturers are also devel-
oping locally adaptable machinery
to meet the demand for small-scale
farming. They fabricate frames and
implements for PTs, tractors, thresh-
ers, and other machinery using
imported engines to power the ma-
chines (Animaw, 2016). These small
and medium enterprises are lacking
in advanced manufacturing expe-
riences and technical knowledge.
Furthermore, lacking appropriate
capital machines, design, drawing,
and manufacturing processes have
resulted in these enterprises in pro-
ducing poor quality products (Alam
et al., 2017).

The agricultural machinery im-
port sector has grown dramatically
along with a great contribution to
the growth of local manufacturing
of agricultural machinery and spare
parts (Justice and Biggs, 2013).
Some potential private companies
are working to mechanize the agri-
cultural sector in Bangladesh. These
private sector companies import
PTs, tractors, rice transplanters,
reapers, and combine harvesters
to overcome the labour scarcity in
planting and harvesting seasons
(Alam and Khan, 2017a). Importers
of this agricultural machinery have
well-established networks through-
out the country providing after-sales
services with warranties to the ma-
chinery owners.

A number of initiatives have been
attempted by the public and private
sectors of Bangladesh for the suc-
cessful adoption of agricultural
mechanization. Recently, Bangla-

desh’'s government provided subsi-
dies up to 50-70% on different types
of agricultural machinery such as
tractors, power tillers, combines
harvesters, etc. These subsidies are
enhancing the farmers to access
new agricultural machinery. Since
the demand and market of agri-
cultural machinery are expanding
rapidly, supporting the production
of local agricultural machinery and
spare parts are needed to boost the
sustainable agricultural mechaniza-
tion. The importers, local manufac-
turers, and dealers are also promot-
ing the benefits of using agricultural
machinery through street advertise-
ments and signboards.

However, imported agricul-
tural machinery and spare parts are
charged import duties and value-
added taxes (VAT), which is a major
constraint for the importers and lo-
cal manufacturers. The local manu-
facturers are also facing problems
with continuous electricity supply,
limited access to training and bank
loans, credit facilities with higher
interest rates, etc. Therefore, the
import of agricultural machinery
and spare parts should be exempted
from import duties and taxes. The
VAT imposed on the stages of pro-
duction and sales of agricultural
machinery should also be with-
drawn for widespread distribution
and adoption of new technologies.

Employment and Labour Produc-
tivity

Rapid urbanization has greatly
reduced agricultural and natural
areas, causing migration of rural
population to urban areas. This
population movement to urban ar-
eas reduces labour productivity in
agricultural areas (Ergen, 2016).
Agriculture of Bangladesh is facing
labour scarcity in recent years due
to labour migration in urban areas
seeking better employment opportu-
nities. The migration of this labour
has led to labour shortages, causing
higher agricultural labour wages.

Wage rates have been rising in
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urban areas which also encouraging
this rural-urban migration. The ris-
ing wage helps to reduce rural pov-
erty but creates labour shortages in
rural areas (Wang et al., 2016). This
labour shortage has negatively af-
fected farm profits and productivity.
Statistics show that the labour force
employed in on-farm agricultural
activities would reduce from 43% to
36.1% by 2020 and to 20% by 2030,
posing an emerging challenge to the
agriculture of Bangladesh (Alam
and Khan, 2017b). Therefore, ap-
propriate scale mechanization for
agricultural operations would be the
key factor in facing this challenge.

On the other hand, the govern-
ment should support the research
and development programs on
manufacturing small tools, equip-
ment, and machinery in rural areas.
This will help to reduce poverty
and generate employment in rural
areas and could promote sustain-
able agricultural mechanization.
Further, the repair and maintenance
services provided by the engineer-
ing workshops and custom hiring of
agricultural machinery could also
generate more employment in the
rural areas. Therefore, Bangladesh's
government should focus on rural
poverty reduction and employment
generation for the successful adop-
tion of mechanized farming.

Custom Hiring Services

The labour shortage and rising
wages in rural areas have created
the condition of using agricultural
machinery, helping to avail mecha-
nization services to smallholder
farmers (Islam, 2018). These bene-
fits could be increased by providing
custom hire services of agricultural
machinery to the smallholder farm-
ers.

Small-scale machinery is appro-
priate as the farm sizes of Bangla-
desh are small; hence smallholder
farmers own small agricultural ma-
chinery and rent-out their services
to other farmers for additional earn-
ings (Rahman et al., 2013; Baudron

et al., 2015; Aryal et al.,2019). In
contrast to the developing countries
with larger-sized agricultural farms,
very few smallholder farmers invest
in agricultural machinery in Ban-
gladesh. Therefore, the promotion
of agricultural mechanization to the
smallholder farmers could be en-
hanced by increasing access to agri-
cultural machinery through custom
hire services (Biggs and Justice,
2015).

Rising demand for agricultural
machinery has produced in compar-
atively well-developed markets for
custom-hire services for tillage, ir-
rigation, and postharvest operations
(Mottaleb et al., 2016). Recently,
among the popular agricultural ma-
chinery, combine harvester has got
wider acceptability by the farmers
for paddy harvesting on custom hir-
ing due to labor shortage and timeli-
ness of harvest. Maize shellers have
also gained popularity for custom
hire services. Similarly, the owners
of many agricultural machinery and
equipment such as power tillers,
irrigation pumps, sprayers, paddy
threshers were renting out their
machinery to other farmers and be-
came economically stable.

The growth of the agricultural
machinery custom hire service is
one of the major developments in
Bangladesh's agricultural mecha-
nization. Machinery owners pro-
vide business services to the other
farmers. The advanced agricultural
machinery is available to the farm-
ers in recent years but the rate of
machinery adoption is quite low.
Mechanization through custom hire
services could enhance the adoption
of these new technologies. In the
near future, the demand for custom
hire services of agricultural machin-
ery for threshing, harvesting, and
drying of cereal crops will be higher
to the farmers who cannot afford
to buy these machinery. Therefore,
public-private sectors should focus
on the development of custom hire
services of these machines that can
be highly beneficial to the farmers

and would enhance the likelihood of
agricultural machinery adoption.
The successful implementation of
mechanized agriculture can bring
opportunities to the rural area by
creating employment in machinery
operation, transportation, repair and
maintenance, agricultural machin-
ery rental services, etc., can effec-
tively contribute to achieving SDG.

Adoption of Modern Tech-
nologies for Sustainable
Agriculture

Status of Smart Farming Tech-
nologies

Smart farming comprises the inte-
gration of modern technologies into
traditional cultivation practices in
order to enhance farming efficiency
and to produce high-quality agri-
cultural products. Interest in smart
farming technologies is increasing
widely for maximizing agricultural
production and minimizing envi-
ronmental pollution (Sung, 2018).

The application of advanced tech-
nologies to agriculture could be the
key driving force for enhancing
crop productivity and promoting
agricultural development. However,
efforts have been made to introduce
new advanced machinery to stimu-
late more precision to Bangladesh
agriculture such as seeders, reapers,
and conservation agriculture ma-
chines, i.e., zero-till planter, strip-
tillage planter, and bed planters but
widespread adoption of these mod-
ern machines are still to be achieved
(iDE, 2012). Among the factors, bet-
ter education and training to farm-
ers, easily available credit facilities,
and sharing of information would
facilitate the adoption of these ad-
vanced agricultural systems (Saiz-
Rubio and Rovira-Mas, 2020).

Improving farm production is one
of the major challenges that need to
be focused in the coming decades.
Smart farming technologies can
improve agricultural efficiency
and play a vital role in feeding the
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country's growing population by
reducing inputs, optimizing outputs,
and reducing postharvest losses as
possible. Therefore, the adoption
of smart farming technologies can
contribute to meet the increasing
food demand and can contribute to
sustainable farm production. The
quality and quantity of agricultural
production can be increased by pro-
moting smart farming technologies,
which will lead to sustainable mech-
anized farming to achieve SDG.

Opportunity and Challenges of
Smart Farming in Bangladesh

In recent times, agriculture has
been entering the fourth revolu-
tion regarding the increasing use
of information and communica-
tion technology (ICT) (Walter et
al., 2017). Autonomous and robotic
farm vehicles have been developed
for different farming purposes like
mechanical ploughing, planting
and weeding, application of fertil-
izer, herbicide and pesticide, and
harvesting of cereal and fruits. Be-
sides, the development of automated
unmanned aerial vehicles (UAV)
(Floreano and Wood, 2015) coupled
with the hyperspectral cameras have
been used to measure the growth
of biomass and fertilization status
of crops (Li et al., 2014; Bareth et
al., 2015), which provides the real
field scenarios for advising precise
farm management among farmers.
Moreover, several models are now
available to help farmers character-
ize plant diseases regarding opti-
cal information (Wahabzada et al.,
2016). On the others, virtual fence
technologies (Umstatter, 2011) is
used to manage cattle herd based on
remote-sensing signals and actua-
tors or sensors linked to the live-
stock. Together using these smart
technologies are generating ample
changes in agricultural farming in
developed countries as well as start-
ing in developing countries, where
the expansion of ICT are being
received at a fast pace and could be
used for seasonal drought forecasts

and climate-smart agriculture in the
future (Walter et al., 2017). Such
profound changes in agricultural
practices called smart farming give
not only ample opportunities but
also big challenges, particularly in
the Bangladesh context.

i. Opportunities Created by Smart
Farming

Firstly, smart farming lessens
the ecological footprint of farming.
The application of fertilizer and
pesticide inputs can be reduced in
the precision agricultural system,
which will minimize leaching prob-
lems and greenhouse gas emissions
(Schulze et al., 2009). With the
use of ICT, it is possible to build a
sensor network that will allow for
continuous agricultural farms moni-
toring. Likewise, theoretical and
practical knowledge on the states
of plants, soils, and animals with
the desired production inputs like
water, fertilizer, and medications
are reaching with using that ICT
globally. Secondly, smart farming
can create agriculture more profit-
able for farmers by minimizing the
input resources such as labours and
money and producing reliable, spa-
tially explicit data that will decrease
any risks during production. Opti-
mal site-specific weather forecasts,
yield projections, and probability
maps for disasters and diseases
regarding a profound network of
climate and weather data or GIS and
remoting sensing will authorize the
cultivation of the crops optimally.
Similarly, automated sensors can
record all farming-related informa-
tion, minimizing the time required
for prioritizing the application of
input resources and administrative
surveillance. Sensors integrated
with agricultural machinery such
as tractor, transplanter, and com-
bine harvester can also log the field
information (such as soil moisture
or soil electrical conductivity (EC)
during tilling and crop moisture and
protein content harvesting) in real-
time that helps the farmers to make

the decision quickly. Finally, smart
farming also has the potential for
the betterment of consumer accep-
tance by improving the management
of product quality, and these prod-
ucts become healthier and sell at
higher prices (DeFries et al., 2015).
Moreover, the transparency about
production and processing will ex-
acerbate the value chain of products
because ICT permits registration
where the farm produces certain
products under some circumstances.
This provides the potential more for
the direct interaction among farmers
and consumers (Walter et al., 2017).

ii. Challenges to Smart Technology
Adoption

Connectivity and awareness- The
first challenge is the lack of connec-
tivity which inhibits farmers’ ability
to take merits of new innovation
and smart technologies. According
to BTRC (2019), there is currently
98.14 million internet subscribers
presence in Bangladesh, among
which 92.36% have access the inter-
net through the mobile device. How-
ever, no appropriate data have in our
hands regarding how many farmers
use smart devices and how many of
them use or can use those devices
for agricultural purposes. Smart de-
vices are mostly in the hands of ur-
ban middle-income people that must
be reached to every rural farmer;
otherwise, proper achievement using
this technology will not be possible.
The second one is the lack of aware-
ness among rural farmers. Interest-
ingly, we have no statistical data on
how many farmers know about the
internet of things (loT), informa-
tion and communication technology
(ICT) and smart technology. Appli-
cation of such technologies, particu-
larly in the context of Bangladesh's
effects on crop diversity, but small
land or fragmented landholding is
more challenging rather than use in
a large and mono-crop farm. In ad-
dition, such types of technology and
devices need especial consideration
for both manufacturer and main-
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tenance regarding cost factors. In
farming conditions, there are no two
cases identical, and in agronomical
fields, the cost of hardware and soft-
ware maintenance is guessed to be
higher than usual as those devices
that are exposed to harsh environ-
ments such as wind, storm, flood,
cold and physical damage.

Knowledgable and skilled human
resource-llliterate people are a big
challenge for adopting smart agri-
culture. Nearly about 26% of adult
people are still illiterate (BBS 2018),
mostly in rural areas and can not
contribute to developing agricul-
ture. Always, they want to use their
previous experiences or forefather
experience for entire agriculture
operation and production. Besides,
educated youngers are not feeling
interested in agriculture in order
to non-profitable and social status
among other businesses and jobs. In
addition, uneducated people are also
not capable of analyzing the amount
of data generated from such smart
devices. Therefore, knowledge-
able and skilled people is essential
in data science. Regarding these
circumstances, we have to depend
on our universities to empower the
strength to produce such type of hu-
man resource.

Technical failure and network
compatibility-Sometimes, the grow-
ing dependence of technology on
agriculture has potential damage
during production. If any mechani-
cal breakdown or malfunction hap-
pens in the hardware, sensors, and
farming loT, serious crop damage
can result in the absence of skilled
technical experts available in rural
areas. Besides, a proper network
is very important for using smart
devices. Interestingly according to
the newspaper (Islam, 2020), mobile
network is slowest in Bangladesh
among 42 countries in the world.
Especially in rural areas, there is
a big problem with using a mobile
network or wireless network for
information sharing among farmers
or sensors communication with any

automated devices. In addition, data
package for internet is not cheap for
the users, thats why the government
has to ensure or subsidy regarding
that issue. Otherwise, smart tech-
nology or smart farming will not
come up with our expectations, and
the desired product will not happen.

Individual zones management-
Traditionally, farmers in the country
have a habit of taking their entire
fields as single farming units, and
that approach is not very much
workable for the IoT application and
management in agriculture. For this
reason, farmers or users can portion
their lands into different smaller
management zones concerning the
soil sampling requirements (individ-
ual zones have unequal soil quali-
ties) and fertilizer requirements, but
a lot of confusion arises about the
correct size of that zones. In addi-
tion, the number of zones and their
respective sizes on a field depends
on the overall size of the growing
area. There are no enough available
reference works or literature for the
farmers by which their lands can
try to divide into these zones. In an
alternative way, some farmers lead
to apply recommended fertilizer ap-
plication or irrigation methods for
their entire field when sub-optimal
results happen.

However, the use of smart tech-
nologies has also started in Bangla-
desh even though there are some
challenges to adopt these ones. Es-
pecially dairy and livestock farms
in the country have begun to smart
with the use of loT services. Re-
cently, Digi Cow and Shurjomukhi
Pranisheba have started to provide
loT services to livestock with the
help of Grameenphone, and besides,
Dutch Dairy Ltd was established
a year and a half years ago where
smart and digital technologies are
being implemented successfully. In
addition, modern technologies such
as Recirculated Aquaculture System
(RAS) and Biofloc have also been
introduced in fish farming in Ban-
gladesh, like the expansion of verti-

cal and soilless farming methods.
Besides, in food processing indus-
tries, smart technologies can also
precisely measure the food quality
and grade the agricultural produce.
Now entrepreneurs and educated
farmers are much more motivated
and optimistic about using digital
and smart technology. Therefore, it
is expected that within few years,
Government and private sectors will
come to incorporate smart technolo-
gies such as IoT and artificial intel-
ligence in agriculture for precise
operation and management, which
also helps for attaining SDGs in the
country.

Challenges and Prospects
of Sustainable Agricul-
tural Mechanization

Problems of Mechanization Adop-
tion due to Farm Size and Frag-
mented Land

When a household has cultivated
a piece of possessed or hired non-
continuous lands, it is called land
fragmentation (Wu et al., 2005). It is
also an average land-sized reducing
process and, at the same time, in-
creasing the scattering of household
land and decreasing the size of the
individual plots on a farm (Agarwal,
1971). The presence of small and
fragmented lands is a key factor in
the low development rate of agricul-
tural mechanization systems. If the
cultivatable lands are fragmented
and located long distances from the
owner's house and each other, it in-
creases transport costs. Moreover,
management, supervision, and se-
curing small plots are also more dif-
ficult, time-consuming, and costly.
Small and scattered plots and waste-
land areas require boundary land for
fencing, border construction, and
paths and roads. Also, small and
fragmented land restricts the farm-
ers to use a larger size of farm ma-
chinery. About 84.39% of the rural

households are small having 50-249

decimals of land (BBS, 2017) and
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even this small landholding is frag-
mented into several plots, make the
efficient use of small and medium-
size PTs, tractors, transplanter, reap-
ers, mini-combine harvesters and
other machinery difficult and lead to
the problem of frequent turning and
make the operation time-consum-
ing, tedious and expensive (Alam
and Khan, 2017b; Islam, 2018).

Accessibility of Mechanization to
Smallholder Farmers

The farmers accessed the agricul-
tural machinery that may have been
cost-prohibitive to purchase through
fee-for-service arrangements. In this
regard, the accessibility of agricul-
tural machinery in scale-appropriate
is needed to more consider along
with buy and service provision ef-
fectively for the marginal farmers
(Hossain, 2009). At present, 80 per-
cent of cropland is prepared by PTs,
which is estimated at half a million
(BBS, 2011, Ahmmed, 2014; iDE,
2012). It is a remarkable develop-
ment in land-prepared operation
that, on average, each PT owner
can cultivate 11-15 ha of land, and
Bangladesh is only 0.59 ha given
the average farm size. In general,
the marginal farmers are resource-
poor concerning low incomes that
carried out the low demand for ag-
ricultural machinery, resulting in
land and labor productivity remain
at low levels. Simultaneously, the
parallel cycle of pressure on natural
resources led to the lucky end and
enhanced the farmers' poverty level
(Twomlow, 2002). A more posi-
tive cycle of events may take place
when the demand for mechaniza-
tion inputs is increased. Then, the
improved productivity will increase
compared with levels of savings,
which will lead to more demand for
productivity-enhancing inputs, in-
cluding agricultural mechanization.
The poverty cycle can be broken,
and improved livelihoods occur
when the challenge is to get sustain-
able mechanization, which is avail-
able for elements to smallholder

agriculture, not just in agricultural
production but also in the supply
and value chain. It also improves the
timeliness of farming operations,
which reduces drudgery and mini-
mizes the load on women, the elder-
ly, and children. Nevertheless, there
is no consent on how best to involve
smallholder farms into mechaniza-
tion systems and ensure open access
to use farm machinery by resource-
poor farm households. Due to lack-
ing sufficient capital of farmers for
actual machinery buying for service
provision and fee-for-use models,
extend machinery access. Such con-
cern is crucial for promoting appro-
priate farm machinery within South
Asia and other developing countries.

Prospects for Private-Sector Pro-
motion of Mechanization

The private sector covering indi-
vidual farmers, small enterprises,
and large companies are working
to popularise the agricultural ma-
chinery in Bangladesh as a result of
machinery is available to marginal
farmers. However, there is a huge
discrepancy in the whole mechani-
zation process in Bangladesh, and
it is inevitable to involve the private
sector in agricultural mechanization
to be sustainable in future food pro-
duction. While private investment is
very prospective in mechanization,
the private entrepreneur still hardly
comes into this sector. A number
of reasons could be stated for this
reason. Firstly, there is no evidence
available about prospects, problems
and scope due to lack of data and
thorough research. Private investors
don’t see it as lucrative as other sec-
tors. Secondly, there is no enough
incentive and promotion from the
government as with other sectors.
A lack of a strong insurance policy
could be another reason. Thirdly,
the design and manufacturing of
agricultural machinery are very
intricate and sometimes universal
design could not be enough as some
machinery performance depends
on local agricultural input features.

Therefore, the private sector can
play an important role in mechani-
zation by manufacturing tools or
machine parts rather than importing
these from other countries with a
high payment of tax. If the compa-
nies start to manufacture the ma-
chinery parts, then they can sell the
machinery at a low price. The Metal
Group has set up sales and service
centers for modern agro-machinery
in each of the Upazila's of that dis-
trict. Farmers buying machinery
from those centers are enjoying sub-
sidies (it addresses their capital defi-
cit). These types of machinery are
manufactured or imported by con-
sidering the realities of Bangladesh.
Also, the government is needed to
play a greater role in promoting the
private sector by generating and
providing the public goods that are
urgently needed. The government
can create an enabling environment
through necessary policies such as
exchange rate, agricultural product
prices, agricultural input prices i.e.,
tariffs and input restriction and input
subsidies, and farm power research
policy, such as machinery research
and agricultural sustainability. Also,
it is needed to introduce some laws
and regulation which will protect
consumers. This should include
consumer information services, in-
troduction and enforcement of stan-
dard of machinery, etc. Only then
will the private sector come forward
to invest in agriculture. Demonstra-
tion of the full range of machinery
on the market could also help cor-
rect for the distortions introduced
by subsidies or concessional loans
that limited farmers’ exposure to
certain brands, assuming support-
ing supply chains for spare parts
and repairs could also be developed.
However, this is an area where em-
pirical evidence is scarce. It should
not be simply assumed that many
farmers are unaware of the benefits
of various modes of mechaniza-
tion. More pilot studies combined
with rigorous assessments may be
needed to see when demand for
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mechanization can be stimulated by
informing farmers of the potential
benefits. Likewise, it remains to be
seen whether the financing provided
by dealers and manufacturers will
be successful in the long run. The
private sector enhances to attain
SDGs when effective coordination
should be ensured in the field level
with non-governmental agricultural
machinery manufacturers and re-
search institutes for innovation and
development as well as identify the
manufacturing industry for selected
technologies. Also, the government
should introduce some laws and reg-
ulation which will protect consum-
ers. This should include consumer
information services, introduction
and enforcement of standard of ma-
chinery, etc. Only then will the pri-
vate sector come forward to invest
in agriculture. The implementation
of the agricultural credit policy for-
mulated by the central bank needs
to be further improved.

Research on Mechanization De-
mand and Adoption

The organization related the ag-
ricultural machinery development
would be strengthening research
to the extent based on the nature
of mechanization adoption by the
farmers in Bangladesh. The demand
for agricultural machinery is often
quite localized, based on crops and
soil conditions. For example, the
hoar area in Bangladesh is needed
to the large tractor and combine
harvester during the Boro paddy
harvesting. In contrast, the northern
part of the country is required the
reaper to harvest the wheat. The
existing data are not rich or specific
enough to make useful inferences
on where and which agricultural
machinery is most feasible. It is
necessary to intensify research to
better understand the nature of the
demand for agricultural machinery
services based on different farm-
ing systems, labor dynamics, and
socio-economic factors. In that case
GIS tool may be used for mapping

particular areas on the basis of low,
medium and high lands, ponds,
canals, rivers, commericial areas,
residential area, etc. so that it will
be possible to find out the accessi-
bility of agricultural machinery and
its demand in the particular areas.
USAID funded ASMIH-Bangladesh
project is doing similar works in
limited scale in their project sites.
The governments can overcome the
lack of data by conducting agricul-
tural machinery surveys that fully
capture the dynamics of equipment
ownership, use, crop, and service
provision across different regions
of the country. The soil maps can
also be produced, which will pro-
vide information on the types of
agricultural machinery demanded
and needed to urgent adoption. It
can help identify appropriate agri-
cultural machines and prioritize the
mechanization areas to be pursued
as well as research and adoption of
agricultural machinery where popu-
lation and market dynamics have
made the mechanization feasible.

Conclusions

In alignment with Sustainable
Development Goals (SDGs), present
status, challenges, and opportuni-
ties of agricultural mechanization
in Bangladesh have been discussed
in the study. The history of ag-
ricultural mechanization to the
launching smart farming systems
in Bangladesh has also been pre-
sented in the article. Bangladesh is
conscientiously working on SDGs
to achieve targets by 2030. Agri-
culture and rural development are
directly concerned with attaining
food security and promote sustain-
able agriculture which is one of the
goals of SDGs. Agricultural mecha-
nization has several benefits includ-
ing rural development based on the
utilization of modern machines in
agriculture. Rural development and
sustainable agriculture might be en-
hanced national GDP and ultimately

assist in achieving SDGs. Under
these circumstances mentioned in
the article, the implementation of a
recently approved national agricul-
tural mechanization policy in align-
ment with SDGs is urgently needed
for increasing the crop productivity
and economic emancipation in Ban-
gladesh. Finally, we suggest what
governments of developing coun-
tries like Bangladesh should take
initiatives on mechanization related
activities for achieving SDGs are as
follows: Government of Bangladesh
should pay more attention to take
appropriate measure for modern
machinery extension services in the
field; create employment opportuni-
ty of skilled human resources in the
field level; need to allow duty-free
and VAT-free import opportunity of
farm machines and spare parts; need
an arrangement of close monitoring
of repair & maintenance scheduling
of farm machines for sustainable
use of field level machines and need
especial focuses on research and de-
velopment for continuous enhance-
ment of agricultural mechanization
and smart farming systems in align-
ment with SDGs. To boost up agri-
culture development and continuous
contribution to national GDP for
attaining SDGs, agriculture should
be mechanized and commercialized
with modern machines and tech-
nologies in Bangladesh.
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The Regional Network for Agricultural Machinery

Abstract

The Regional Network for Agri-
cultural Machinery or RNAM was
a UNDP-supported project initially
by eight Asian countries comprising
India, Indonesia, Islamic Republic of
Iran, Pakistan, Philippines, Republic
of Korea, Sri Lanka and Thailand.
Bangladesh and Nepal joined in
1987, China in 1990 and Vietnam
in 1994. The participating countries
performed sub-program activities
through their designated National
Institutes and which were highlight-
ed by exchanges of information and
of machinery prototypes.

The RNAM project was executed
by the UN ESCAP in association
with FAO, UNIDO and with techni-
cal collaboration with IRRI. Apart
from UNDP, funds also came from
Australia, Japan and the participat-
ing countries. The inter-country
project based on the concept of a
network started operations in 1977
through a Regional Office hosted by
the Government of the Philippines at
the University of the Philippines Los
Bafos until 1991 (Phases 1-4) when
the UNDP support ended, then at the
ESCAP headquarters in Bangkok,
Thailand until 2002 (Phase 5) with
support from donor countries.

The participating countries ben-
efited from the exchanges of infor-
mation, face-to-face interactions
in various regional and in-country
meetings, training courses, work-
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shops, study tours and machinery
exhibitions. The perceived ripple
effects of RNAM towards establish-
ing similar inter-country projects in
Latin America and Africa had been
initiated by international agencies
to promote technical cooperation
among developing countries with
a view to achieving the MDGs.
Perhaps because of today’s more
modern communications like online
video meetings, e-publishing, etc.
using the internet and of lesser op-
erational costs than before, reviving
such initiatives would faster achieve
even more benefits than had been
previously available to the partici-
pating countries and RNAM.

Keywords: RNAM, regional net-
work, inter-country project, infor-
mation exchange, agricultural ma-
chinery, agricultural mechanization
strategies, ripple effect, technical
cooperation

Introduction

Agricultural mechanization has
been a controversial issue in devel-
oping countries in spite of the belief
among policy makers that mod-
ernization of farming operations
is the key to higher production and
productivity. The issues frequently
discussed in mechanization forums
and meetings among engineers,
economists and sociologists have
contributed to the better understand-

ing of the complexities in achieving
mechanization levels higher than
manual and animal power technolo-
gies. Participants in such conferenc-
es have realized that mechanization
is more than just the introduction
and use of modern powered ma-
chinery in a milieu of small farm
holdings, poverty in the rural areas,
farm employment and inadequate
social and technical preparation for
the technologies beyond manual and
animal power levels.

The issues on sociological and
economic aspects consist of dis-
placement of labor, high investment
and operational costs, non-conclu-
sive evidence on increasing crop
yields, insufficient knowledge and
due diligence in the proper opera-
tion, care and maintenance of power
units and implements as well as
non-appreciation of the benefits of
agricultural mechanization by some
decision makers in government.

Recent industrial developments in
the Asian economies have led to the
increasing scarcity of farm labor.
The favored non-farm employment
and higher educational attainment
by the youth take away their inter-
ests in farming. Through time, be-
cause of parceling out the farmer’s
already small and uneconomical
size of the farm land to the children
who, because of limited knowledge
in agriculture use the traditional
methods handed down to them,
worsen the low returns from farm-
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ing and have resulted in idle lands
and their conversions into non-agri-
cultural uses. Unfavorable political
decisions on policies have had tell-
ing effects in the low productivity
and low production and need to be
corrected through sound analysis by
those in the know.

In general, the higher level of
mechanization using mechanical or
non-muscle-powered agricultural
machinery is beginning to be the
new normal in developing coun-
tries. Consolidating lands (Japan
pioneered in this because of the
realization of the increasing uneco-
nomically viable small farms vis-a-
vis the developments) or clustering
the small farm areas is an option to
achieve economies of scale in the
higher levels of mechanization.

Appropriate strategies need to be
formulated in agricultural methods
to strike sustainable and affordable
mechanization. Rijk (1989) raised a
point that instead of rice transplant-
ing, direct seeding where feasible
would be simpler, less laborious and
less costly to mechanize such as by
using a manually pulled or power
tiller-drawn drum seeder than rice
transplanting using a manually oper-
ated rice transplanter or perhaps even
a tractor-operated one. The issues of
acceptability of the new method and
the implications on requirements of
related operations such as thorough
land preparation (or alternatives
yet to be developed) and control of
weeds and pests (rodents, snails and
birds) as well as proper water control
have to be considered.

Alternative methods to have
checkrow transplanting advantages
may also be achieved in direct seed-
ing through precision seeding equip-
ment, which give an added advan-
tage of less seed requirement making
it economical to plant the costly but
productive hybrid seeds (Regalado
et al., 2013). Nevertheless, broadcast
seeding, the easiest, fastest and most
economical method (the trade-off is
the cost of extra amount of seeds)
has been long-time practiced is some

areas like the Western Visayas in
the Philippines. Yet, broadcast seed-
ing to achieve at least row planting
in contrast to random seeding could
still be improved. (Kassama, 1999)
devised a method of planting juve-
nile seedlings by hill-drop broadcast
planting.

Getting the farmers’ experiences
and developing an institutional in-
frastructure towards exchanging
of information would be helpful;
hence, the need for a network of in-
formation exchange at the national
level. Similarly, information on
techniques from the rice-producing
countries in Asia would be helpful
if a regional network of information
exchange would be institutionalized
through a project.

The RNAM Story — Excerpts
from the RNAM News-
letter No. 58 — April 1998

“The Regional Network for Ag-
ricultural Machinery (RNAM) has
its origin in the former Asian Indus-
trial Development Council (AIDC)
which studied the agricultural ma-
chinery industry sector from 1968
to 1972 and identified the need for a

Figure The RNAM network system
1 Activities

regional institutional arrangement.
UNDP sponsored missions to India,
Indonesia, Islamic Republic of Iran,
Pakistan, Philippines, Republic
of Korea, Sri Lanka and Thailand
which resulted in an agreement
to create a network of National
Institutes to provide close collabo-
ration and extensive exchange of
information on various aspects of
agricultural mechanization under
the coordination of a Regional Of-
fice. Bangladesh and Nepal joined
RNAM in 1987, China in 1990 and
Vietnam in 1994.

The National Institutes in the
participating countries are to be
strengthened by RNAM to increase
their capabilities in organizing and
implementing the country programs.
The programs cover of design and
development, testing and evaluation,
manufacture and popularization of
improved agricultural machinery.

Thus, RNAM became the first
UNDP-assisted inter-country proj-
ect based on the concept of a net-
work. It began operations in 1977
with the support of UNDP which
designated the United Nations Eco-
nomic and Social Commission for
Asia and the Pacific (ESCAP) as

Key: MFTRS - Manufactures

MI - Ministry of Industry

NFMC - National Farm

Mechanization Committee

OM - Other Ministries Involved

SP - Subprogramme

TAC - Technical Advisory
Committee

AG - Agricultural

ASSO - Associations

EXT - Extension

GB - Governing Body

IND - Industrial

MA - Ministry of Agriculture
MF - Ministry of Finance

*Two-way linkage exist
between countries and RNAM,
and among countries
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the Executing Agency in associa-
tion with the Food and Agriculture
Organization (FAO) and the United
Nations Industrial Development
Organization (UNIDO). The orga-
nization and operating system of
RNAM are depicted in the Figure
(ESCAP/RNAM, 1987). The techni-
cal collaboration of the International
Rice Research Institute (IRRI) in
Los Bafios, Philippines was also en-
listed. UNDP assistance to the Proj-
ect ended in 1991. Funds for RNAM
now come from donor countries,
Australia, Belgium, Germany, Japan
and the Netherlands as well as from
the participating countries.

The Regional Office was moved
from Los Bafios, Philippines to ES-
CAP Headquarters, Bangkok, Thai-
land and started operations from
there with effect from 1% January
1992.”

RNAM expanded its scope as
the Regional Network for Agricul-
tural Engineering and Machinery
(RNAEM).

Since 2003 RNAM has evolved
further into United Nations Asian
and Pacific Center for Agricultural
Engineering and Machinery (UN-
APCAEM) and later into the present
Center for Sustainable Agricultural
Mechanization (CSAM), with head-
quarters in Beijing, China.

The Five Phases of RNAM
(1977-2002)

During the first four phases with
the Regional Office (RO) in Los
Bafios, Philippines, the RNAM
project enabled the PCs to exchange
information and experiences in
agricultural machinery and mecha-
nization through implementation of
work programmes formulated by
the Technical Advisory Commit-
tee (TAC) of which the heads of the
NIs, which were the focal points in
each country, participated in the an-
nual review and planning together
with representatives of UNDP,
ESCAP, FAO, UNIDO, IRRI and

the Governments of Australia and
Japan.

A Governing Body (GB) com-
posed of higher-level government
representatives from each country,
the international organizations and
the donor countries, reviewed the
work programmes discussed in the
TAC meeting and the proposed bud-
get.

On the one hand, the RO handled
the regional activities such as the
inter-country training courses,
seminars, workshops, study tours,
catalytic assistance in exchanges
of information and machinery pro-
totypes as well as in the holding of
agricultural machinery exhibitions.
These regional activities were in ac-
cordance with the planned sub-pro-
grammes (SPs) supported by funds
as well as technical and administra-
tive advice.

On the other hand, the NIs imple-
mented their own country programs
in their own National Network (NN)
adapted from the Sub-programmes
(SPs) as well as the inter-country
participation for the activities in
SPs.

In operation, the GB approved
the work plan before the start of
the succeeding phase as shown for
example, by topics of the SPs in the
following work plan for the Second
Phase (1982-1984):

SP1. Establishment and strength-

ening of NNs;

SP2. Strengthening of design ca-
pability;

SP3. Testing, evaluation and mod-
ification of machinery;

SP4. Promotion of local manufac-
turing;

SP5. Popularization of improved
implements and machinery; and

SP6. Information dissemination.

The work plan for the Fourth
Phase (1987-1991) consisted of the
following:

SP1. Formulation and implemen-
tation of appropriate agricultur-
al mechanization policies and
strategies;

SP2. Design and development of

selected agricultural machinery;

SP3. Local manufacture of select-
ed agricultural machinery; and

SP4. Extension of appropriate ag-
ricultural mechanization tech-
nology.

During its meeting in the Repub-
lic of Korea in 1990, the GB ap-
proved the recommendation of TAC
that RNAM provide catalytic assis-
tance to the PCs beyond 1991 in the
following areas and in their order
of priority based on the effective-
ness of the NIs rather than on the
importance of the activities in the
overall mechanization programme.
Nevertheless, the priorities of the
NIs should be kept in mind by indi-
cating flexibility in the programme
formulation.

The work plan for the Fifth Phase
(Beyond, 1991) consisted of the fol-
lowing:

SP1. Extension of agricultural
machines (market expansion)
through demonstrations in
farmers’ fields;

SP2. Manufacture of agricultural
machines through sharing of
technologies and joint venture/
licensing agreements;

SP3. Design and development of
appropriate agricultural ma-
chines through exchange of
information and hardware;

SP4. Integration of women in ag-
ricultural mechanization activi-
ties; and

SP5. Strategies for appropriate ag-
ricultural mechanization.

Agricultural Mechanization
Policies and Strategies

The formulation of agricultural
mechanization strategies had been
one of the continuing major activi-
ties of RNAM. Early on, RNAM
through ESCAP contracted two con-
sultants to produce guidelines for
developing strategies with specific
application to the member countries
after a survey of the mechanization
situations in such countries. A set of
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recommendations was given in the
“Guidelines for Agricultural Mech-
anization Strategy in Development”
(Gifford and Rijk, 1980).

As sequel, based on the experi-
ences gained, several scholarly
articles about agricultural mecha-
nization strategies such those in
India, Indonesia and Thailand and
including those by FAO were pub-
lished. FAO produced a publication
on agricultural mechanization in
development: guidelines for strategy
formulation (FAO, 1981) which may
be adapted by developing countries.

One of the impacts of the RNAM
project was the positive response of
all the PCs to RNAM'’s advocacy
for formulating strategies for agri-
cultural mechanization, a significant
activity which had been previously
lacking or set aside in most of the

PCs, except for the Republic of
Korea which started its planning ac-
tivities for mechanization during the
early 1960s. This could be a reason
for the Republic of Korea’s advance-
ment in agricultural mechanization
among the PCs.

The institutional mechanism for
the formulation of policies and strat-
egies for agricultural mechanization
was the National Farm Mechaniza-
tion Committee (NFMC) which was
essentially an advisory body to the
government planning agency and
is chaired normally by a ranking
official from the ministry of agricul-
ture. The equivalent of NFMC may
be called differently among the PCs
and preferably should have such sta-
tus level within the government hi-
erarchy as to enable it “to influence
planners and policy makers on the

totality of development issues relat-
ed to agricultural mechanization.”
The multi-disciplinary and multi-
agency composition of the NFMC
has created awareness for strategy
formulation.

In the Philippines, the mechanism
for NFMC started in 1980 with the
organization of the Agricultural
Mechanization Inter-agency Com-
mittee or AMIC, which was then
encumbered by being an ad hoc
one awaiting formal approval and
without operating budget. Neverthe-
less, AMIC created awareness of
the importance of the formulation
of policies and strategies for agri-
cultural mechanization. AMIC was
later proposed to be transformed
into the National Agricultural
Mechanization Council but it has
been superseded by the Philippine

Table 1 General mechanization policy directions in the PCs as of December 1986

From 1 India Indonesia Nepal Pakistan Philippines Sri Lanka Thailand
India Agricultural CIAE dhal mill  [CIAE dhal mill (0) |Low-cost multi- |Low-cost multi- |Low-cost multi-
waste fuelled Air screen grain | purpose garin mill| purpose grain mill| purpose grain mill
dryer cleaner Air screen grain CIAE dhal mill
cleander
Agricultural
waste fuelled
dryer
Paddy winnower
Wet and dry grind
machines
Four roller sugar-
cane crusher
Indonesia Corn sheller Folder power
(powerd and thresher
manual)
Nepal Rice milling
m/C
(a) compact unit
(b) de-husker
(c) brown rice
polisher
Water turbine
Pakistan 2-3 meter reaper Village level flour
winnower mill
Philippines IRRI experimental | IRRI pre-dryer ~ |UPLB improved [Paddy continuous Paddy circulation |Paddy circulation
rubber roll single |UPLB improved | village rice mill | flow dryer dryer dryer
pass rice mill village rice mill Motor driven IRRI experimental | Paddy continuous
IRRI pre-dryer Manual peanut peanut sheller steel roll single | flow dryer
UPLB improved | sheller pass rice mill High capacity
village rice mill | Motor driven corn sheller
Batch type poly- | peanut sheller
gonal dryer Cassava chipper
Motor driven IRRI conical type
peanut sheller weeder
Sri Lanka Fluidized bed Fluidized bed Fluidized bed Fluidized bed
dryer dryer dryer dryer
Thailand Village rice mill Village rice mill
Cashew nut
sheller
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Council for Agriculture and Fisher-
ies (PCAF). The current (2020) in-
stitution performing the NFMC task
under PCAF is the Bureau of Ag-
ricultural and Fisheries Engineer-
ing (BAFE) of the Department of
Agriculture (DA), which heads the
National Banner Program Commit-
tee for Agricultural and Fisheries
Mechanization (NBPCAFM). For
the first time, the program has been
allocated a budget for preparing and
implementing an updated roadmap
for agricultural mechanization.

The task of the NFMC was the
formulation of strategy according
to the policies laid down by the
national planning body pertaining
to agriculture and issues related to
agricultural mechanization. The
unified and integrated plan or strat-
egy was aimed at a systematic han-
dling of agricultural mechanization,
which when handled on isolated
project-to-project basis, tended to be

non-cohesive and to lack of the de-
sired efficiency and effectiveness in
achieving development objectives.
RNAM/ESCAP, along with FAO,
provided the PCs with guidelines
for the formulation of strategies
conforming to existing policies or
recommending appropriate policies.
It organized a regional workshop
and a regional training course on
the subject in which government
planners and agricultural engineers
from the Nls participated.
Through RNAM’s advocacy
activities, decision makers in the
PCs have become aware of the role
of agricultural mechanization as a
strategy for development, an issue
which used to be relegated to the
background in national government
plans. Many developing countries
came to realize that they had been
spending large amounts of foreign
exchange in importing machineries
which were not as efficiently uti-

Table 2 Human resources development in RNAM

lized by their local farmers as those
in the countries of origin or devel-
oped countries. Investments would
be rationalized through following of
guidelines in formulating strategies
to avoid further inefficiencies or
costly mistakes. Table 1 shows the
general policy directions in the PCs
as of the end of 1986.

Each PC had its own unique agri-
cultural technical, sociological and
economic conditions that a single
formula was not possible. Thus,
the matter of planning to consider
all aspects of agricultural mecha-
nization was the major task of the
NFMC. RNAM recommended the
involvement of government agen-
cies and instrumentalities as well as
the private sector concerned to have
a comprehensive and effective agri-
cultural mechanization roadmap.

Indeed in 1987, RNAM organized
a regional training workshop on for-
mulation of policies and strategies

=1 gl 3| 2 @ | 4
= 5|22/ 5 5 88| E ¢
5 | 2 |85 2 |2 |sc| 838 |58 | &
= °F| % |g |®%| 5|z
Regional Training Courses
Policies and Strategies 2 2 2 2 2 2 12
Testing and Evaluation 2 7 3 4 2 2 4 26
Design and Development 4 3 3 5 4 6 5 5 35
Manufacturing Technology 3 3 3 3 2 3 17
Industrial Extension 2 2 1 2 2 2 2 13
Total 13 17 6 11 15 12 13 16 | 103
Regional Workshop
Weeders 1 5 2 1 3 2 14
Rice Transplanters 2 1 2 2 3 2 1 1 14
Cereal Harvesters 3 2 1 2 3 2 2 15
Manufacturing Technology 3 7 3 7 6 5 7 7 45
Standardization of Agricultural Machinery and Equipment 2 1 2 1 1 2 9
Testing, Evaluation and Modification of Prototypes and 2 2 2 2 2 3 2 3 18
Testing Technology of Agricultural Machinery
Agricultural Mechanization Planning, Policies and Strategies 1 1 1 1 2 1 1 8
Extension and Popularization of Agricultural Machinery 4 2 2 2 2 2 2 16
Mnufacturing and Popularization of Agricultural Machinery 1 1 1 1 1 1 1 7
Total 18 22 9 17 22 19 18 21 | 146
Study Tours
Research and development in design and testing of 3 1 1 2 2 1 2 12
agricultural machinery
Selection of agricultural machinery 1 1 1 1 1 1 6
Total 4 2 2 3 3 1 3 18
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for agricultural mechanization in
the Republic of Korea which along
with India at the time had given ad-
equate attention to the mechaniza-
tion component of the development
plan and had followed planning
procedures which were conducive
to the adequate consideration of the
mechanization component. Only in
Korea was mechanization an ele-
ment which was considered when
developing other sectoral plans and
when integrating the agricultural
sector plan into the overall National
Development Plan. It was deemed
proper to revisit past planning ef-
forts and reactivate the NFMC in
the country if it had not already
done so in the light of current devel-
opments.

Strengthening the Capa-
bilities of National Insti-
tutes (Nls)

RNAM organized regional train-
ing courses and workshops on poli-
cies and strategies, design, manu-
facturing technology, industrial
extension, standardization, popu-
larization of agricultural machinery
and sponsored individual and group
training fellowships with travel
to donor countries. Those trained
in turn conducted local courses
and seminars as well as mentoring
activities for the NI staff and the
cooperating machinery fabricators,
thereby achieving multiplier effects.
The human resources development
has been a continuing process in the
Nls. Table 2 indicates the number
of trained engineers/technical staff
in each PC during 1978-1986 (ES-
CAP/RNAM, 1987).

The RNAM operational activities
that were implemented through the
sub-networks, farm mechanization
studies, training programmes, in-
formation dissemination and other
programmes had impact on the PCs.

During the First Phase (1977-
1981), there were subsets of PCs,
which were engaged in sub-network

activities for testing, evaluation
and adaptation of rice transplant-
ers, weeders and cereal harvesters,
the prototypes of which they have
selected. These sub-network activi-
ties provided opportunities for face-
to-face interactions and mutual
learning in the same area of interest,
thus, strengthening the capabilities
of the NI design engineers.

The RO assisted them by iden-
tifying suitable prototypes of the
machine existing at the time. For
example in the sub-network activ-
ity on rice transplanters, of which
the Philippine NI was the coordina-
tor and the participating Nls were
Pakistan and Sri Lanka, the manu-
ally operated rice transplanter from
IRRI was chosen over the commer-
cial prototypes from non-PCs after
field testing and evaluation in each
participating NI. The choice also
considered the PC’s capacity for
local manufacture and availability
of manpower for field operation for
which training would be imperative.
In this regard, IRRI itself provided
technical assistance through its
country rice R & D projects, which
were relevant to rice transplanters.

For example, IRRI conducted
pilot project activities in Libmanan,
Camarines Sur, Philippines where a
farmer co-operator readily adopted
the IRRI rice transplanter because
of its labor-saving advantage but
later abandoned its adoption be-
cause of his concern for displacing
some of his farm workers in rice
transplanting. They were his main-
stay in providing labor not only in
transplanting but also in weeding
and harvesting.

The case was similar in certain
aspects to the “perfected yet reject-
ed” machine (Starkey, 1988) because
the technology might be ahead of
its time when labor displacement
would be a prime consideration.

In Sri Lanka however, where
the farm labor was scarcer than in
the Philippines at the time, farm-
ers readily adopted the IRRI rice
transplanting technology with ad-

aptations consisting of simplified
seedling growing and slightly modi-
fied designs to suit local fabrication
techniques. The IRRI R & D collab-
orative project in Sri Lanka played a
role in the local modification of rice
transplanter based on local condi-
tions. Moreover, it was supported by
commercial local manufacture and
after-sales services directly by the
fabricators.

Currently however, reintroducing
the IRRI rice transplanter in some
parts of the Philippines might be
appropriate because manual trans-
planting labor has gotten scarce and
tractor-operated mechanical trans-
planters are not affordable or cus-
tom-hire services are not available.
Because of labor shortage, some
rice farmers might inevitably quit
planting rice with repercussions on
food security. A pro-active NFMC
and timely formulated strategies
would timely address the emerging
problem.

For example, the decision for a
mix of levels of technology for rice
transplanting that is, by hand, by
locally manufactured manually op-
erated transplanter or by imported
powered rice transplanters could as
well be an issue in the planning for
mechanization in specific locations
by the NFMC. Consideration may
also be given to alternatives to rice
transplanting such as direct seeding
but will pre-require improved land
preparation, better water control and
timeliness and post-require better
weed control methods. The decision
to adopt rice transplanting or direct
seeding or a mix of the two as the
field, weather and labor supply con-
ditions arise impacts on increasing
productivity and income of farmers
as well as food security.

The delivery of mechanization
technologies will consider among
other factors and requirements, get-
ting foreign investors in setting up
powered machinery manufactur-
ing plants, to import with certain
regulations or to locally mass manu-
facture the IRRI rice transplanter
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by modern methods. Using the cut-
and-weld fabrication technology
does not ensure standardization and
complementation of parts unless
standard jigs and fixtures are used.
Besides the fabrication skills tend to
be lost due to ageing or retiring of
machinery shop workers. The deci-
sion will be just one aspect of agri-
cultural mechanization policy and
strategy needing attention and study
by the NFMC in the face of looming
food (meaning rice supply) insecu-
rity amid the Covid-19 pandemic
scourge or other future calamity.

Exchanges of Informa-
tion and Machinery

The rationale behind the network
concept is to enable each PC in the
network, with unique mechaniza-

tion development history and status,
to share its experiences and lessons
learned for the benefit of other PCs.

Apart from the information ex-
changes, the countries also ben-
efited from the direct exchanges
of machinery prototypes based on
the requests and needs of a country
and the availability of such tech-
nologies in another country. The
objective was to fast track the de-
velopment of such machines in the
recipient country since much R &
D efforts had already been made in
the source country. The exchanges
were realized through the facilities
provided by UNDP and ESCAP as
regards to clearing from customs
duties. The responses of the PCs in
such exchanges are shown in Table
3, which resulted from a regional
workshop on design of drying and
milling equipment held at the NI in

the Philippines in November 1987.

Both the donor and the recipient
countries benefited from the test
and evaluation results as well as
the modifications for improvement
made on the machine by the recipi-
ent country. This ideal situation did
not come out as much as what was
the desired outcome. After doing
some work on a donated machine,
some NIs abandoned the effort after
finding some problems and deficien-
cies during the test and evaluation
activities under local conditions.
The support to the NI by the gov-
ernment’s GB representative to
RNAM was therefore, crucial.

This observation was similar to
the farmers’ reaction when given
machines by the government for
field trials. When the farmer finds
the machine not to perform as ex-
pected during initial trial, he is

Table 3 Planned exchanges of engineering drawings of drying and milling equipment among the participating countries as of the end

of 1987
India * Use of higher levels.
* Use of higher levels of mechanization (engine powered) which would increase cropping in intensity to increase
income of farmers.
Indonesia » Mechanization to be supported by making available appropriate, efficient and low-cost machinery.

* Introduction of higher levels of production technology to transmigration areas.
» Mechanization requirements in Java to focus on post-harvest handling, processing, irrigation and pest control.

Islamic Rep. of | Shift from oil-based to diversified economy.
Iran * Appropriate levels of mechanization to be promoted to enhance productivity, production and farmers’ income.

* Local manufactures to be encouraged to achieve self-sufficiency to the maximum extent possible; importing of
components not considered viable.
* Increase mechanization power level to 0.9 hp/ha during the next 10 years; yield of wheat to be 3,000 kg/ha.

Pakistan * Phasing out of bullock-based farming in favour of powered farming using tractors which will be manufactured
locally.
* Greater participation by the private sector in development will be encouraged.
* Custom hiring of all types of machinery will be encouraged.
Philippines * Mechanization that promotes optimum use of labour of increases productivity rather than displaces labour, to be

developed and encouraged.

* Local production of appropriate farm tools and equipment to be supported.

 Agro-based employment opportunities among the rural population, particularly the landless worker, to the created/
increased.

* Post-harvest technology to be development.

» Mechanization to be promoted to alleviate farm labour shortage while ensuring maximum and economic
utilization of agricultural machinery.

* Supply of good quality machinery to be extended.

* After-sales services to be strengthened.

* Training facilities and farmers’ training to be expanded.

Rep. of Korea

Sri Lanka * Mechanization of non-irrigated and rainfed areas for increased crop production and productivity to be emphasized.
* Import policy to exclude undesirable imports of agricultural machinery.
* Labour-saving devices, not to displaces labour, to be promoted.

Thailand * Agricultural production efficiency to be increase.

« Unit production cost to be competitive in foreign markets.
» Farm mechanization policy to be included in 6th Plan for National Economic and Social Development, 1987-1991.
* Master plan for rationalizing mechanization system to be drafted.
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inclined to reject it outright perhaps
because of lack of familiarity with
the technology. Ideally, the coop-
erating farmer should have been
selected based on interest and inno-
vative ability to do modifications on
the machine. In hindsight, it would
be helpful if the field trial were done
through the farmers’ and manufac-
turers’ associations.

The usual players in the agri-
cultural mechanization milieu are
the R&D institutions engaged in
agricultural machinery and mecha-
nization, the agricultural machinery
fabricators and manufacturers, the
relevant NGOs and the government
implementing agencies mandated
to increase yields and productivity
in agriculture, on the one hand, and
the policy and decision makers in
government, on the other hand.

On the management of the pro-
grams, GB, in its session in Novem-
ber 1981, took note of that the RO
had taken appropriate action on its
previous recommendations on (i)
indicators of progress; (ii) inclusion
of reports on training in the RNAM
Newsletter; (iii) periodic census of
agricultural machinery; (iv) study
of socio-economic and safety as-
pects of agricultural mechanization;
evaluation of training; (v) unutilized
fellowships; (vi) group training in
the Netherlands; and (vii) training
on the vertical straw conveying rice
reaper design, operation and main-
tenance by a visiting team from
China. The GB also recommended
that the RO undertake the evalua-
tion of RNAM training programmes
and the evaluation of progress of
RNAM activities in terms of agreed
indicators.

It was noted that China had been
very active in sending representa-
tives as observers in the TAC and
GB sessions and showed keen
interest in the RNAM project. Its
representatives reiterated their Gov-
ernment’s desire for strengthened
co-operation. China’s interests and
desires would later be reflected in
its hosting of study tours, group

training and other RNAM activities
in the later phases of RNAM, in its
joining RNAM in 1990 and its host-
ing of the evolved RNAM (UNAP-
CAEM/CSAM) starting in 2003.

The highlights of the program
for Phase 2 according to the project
document approved by UNDP as
proposed by the TAC and endorsed
by the GB in their sessions in July
1981 were as follows:

The basic objectives of developing
agricultural mechanization in the
Asian region, that is, raising agri-
cultural productivity and incomes of
small farmers, would continue with
overriding priority over other objec-
tives.

The strategy to achieve these
objectives through mechanization
consisted of vigorously pursuing
the supply of appropriated agri-
cultural machinery for adaptation,
transfer of appropriate technology,
local manufacture, popularization
of successful machinery, technical
co-operation between developing
countries (TCDC) for training and
information dissemination.

RNAM as early as in Phase 1, em-
phasized the necessity of establish-
ing and strengthening institutional
mechanisms such as the National
Farm Mechanization Committees
(NFMCs) and NNs for spearheading
the formulation of mechanization
strategies as well as the effective
coordination and implementation of
programs within the PCs (ESCAP/
RNAM, 1981).

During the intergovernmental
meeting on agro-industries in To-
kyo from 21 to 22 October 1980,
where representatives of Australia,
Bangladesh, Bhutan, Burma, Demo-
cratic Kampuchea, India, Indonesia,
Japan, Malaysia, Maldives, Nepal,
the Netherlands, New Zealand, the
Philippines, Republic of Korea,
Thailand, US, and USSR and con-
sultative capacity of the Federal
Republic of Germany, the Execu-
tive Secretary of ESCAP noted that
RNAM during its past four years
of operation, had demonstrated the

usefulness of the network approach
and the successful operation of the
sub-network activities. Besides the
technical aspects of design and de-
velopment, the project was engaged
in assisting the countries in the
establishment of NFMCs for consid-
eration of policy issues; dissemina-
tion of information on technological
and manufacturing developments
through newsletters, technical di-
gests and manuals and the provision
of extension communication and
training facilities.

RNAM Publications

The RNAM Newsletter, which
was issued every April, August,
and December of each year started
in 1978, provided a chronicle of its
organization and establishment, the
significant development events con-
cerning RNAM such as its incep-
tion, approval by ESCAP of the proj-
ect documents for each of the four
phases, the TAC and GB meetings
and the expansion into RNAEM. It
also chronicled the activities such as
those of regional workshops on four
major sub-network activities, group
training courses, study tours as well
as country activities regarding hold-
ing of NFMC meetings, promotion
of tested and modified machinery
including those exchanged between
countries, summarized progress of
countries in agricultural mechaniza-
tion such as establishment of data-
base, etc. as well as the results and
outputs of such activities.

The RNAM Newsletter also re-
ported news and developments in
agricultural engineering and tech-
nology in the PCs and other coun-
tries. Some articles written by ex-
perts in agricultural mechanization
were also presented. All in all, the
newsletter performed also the major
task of information dissemination
which was a critical and significant
activity in the network concept.

The value of the newsletter could
be achieved however, if the PCs
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would make follow-up inquiries
from the source NI or PC regarding
the details of the technology pre-
sented. Chances were that the same
type of technologies was being
developed in one country and much
could be learned from communicat-
ing about the problems encountered
one-on-one basis. This was the in-
tent of the network. In post-RNAM,
the Newsletter would be an adjunct
link among the PCs apart from the
yearly or face-to-face meetings in
workshops, training courses and
administrative meetings of the TAC
of UNAPCAEM. The Newsletter
would be extremely helpful and best
if its publication is continued if only
to take advantage of the momentum
already gained during the RNAM
and RNAEM years.

The e-Newsletter, which put out
its maiden issue in both hard and
soft copies on 1 November 2006,
has essentially replaced the RNAM
Newsletter but the readership be-
comes limited to those who have
access to the internet. After all, the
same focal institutions or Nls in
RNAM are also involved in the UN-
APCAEM and currently CSAM.

Other publications by RNAM
consisted of the following:

1. A brochure on the Regional Net-
work for Agricultural Machinery;

2. Thailand’ harvest? man or ma-
chine? by Jack Makeham, Febru-
ary 1979;

3. Digest 1 — Rice transplanter, April
1979;

4. Lack of agricultural mechaniza-
tion: causes and effects, by Gh-
ulam Kibria, October 1979;

5. Aspects of appropriate agricul-
tural mechanization development
priorities, by Adrianus G. Rijk,
November 1979;

6. Regional catalogue of agricultural
implements, January 1980;

7. A reaper for Thailand?, by Jack
Makeham, May 1980;

8. Regional Network for Agricul-
tural Machinery Progress Review,
A detailed review, June 1980;

9. Report of the UNDP Review

Mission — RNAM (RAS/76/013)
by Charles J. Moss and David W.
Gaiser, 15 August 1980;

10. Guidelines for agricultural
mechanization strategy in devel-
opment by R. C. Gifford and A.
G. Rijk, October 1980;

11. Digest 2 — Power tiller, Decem-
ber 1980;

12. Digest 3 — Power units, May
1981; Technical circulars, total 32;

13. Testing, evaluation and modifi-
cation of weeders, 1983

14. Testing, evaluation and modifi-
cation of rice transplanters, 1983

15. Testing, evaluation and modifi-
cation of cereal harvesters, 1983

16. Test codes and procedures for
selected common agricultural ma-
chinery:

a. Part 1. Ploughs;

b. Part 3. Disc harrows;

c. Part 4. Seeding equipment with
or without fertilizing attach-
ment;

d. Part 5. Rice transplanters;

e. Part 6. Row-crop cultivators;

f. Part 7. Weeders;

g. Part 8. Liquid herbicide appli-
cators;

h. Part 9. Hand-operated shoulder
and knapsack sprayers;

i. Part 10. Hand rotary dusters;

j. Part 11. Harvesting machines;

k. Part 12. Power grain threshers;

I. Part 13. Peanut shellers;

m. Part 14. Manually-operated
pumps;

n. Part 15. Power-operated pumps;

0. Part 16. Batch rice driers;

p. Part 17. Continuous-flow rice
driers;

g. Part 18. Rice mills;

17. Workshop layout for safe and ef-
ficient production, 1987,

18. Workshop safety manual, 1987

19. Success cases of popularization
of selected agricultural machin-
ery, 1987

20. Policies and strategies on ag-
ricultural mechanization in the
RNAM PCs, 1987,

21. Revised RNAM Brochure, 1990;

22. Design and data handbook for

agricultural machinery, 1990;

23. Agricultural machinery design
and data handbook (seeders and
planters), 1991

24. Regional catalogue of agricul-
tural machinery, 1991.

25. Existing policies and strategies
for agricultural mechanization in
RNAM PCs, 1993

26. The publication consisted of
those for ploughs, disc harrows,
seeding equipment with or with-
out fertilizing attachment, rice
transplanters, row-crop cultiva-
tors, weeders, liquid herbicide ap-
plicators, hand-operated shoulder
and knapsack sprayers, hand ro-
tary dusters, harvesting machines,
power grain threshers, peanut
shellers, manually-operated
pumps, power-operated pumps,
batch rice driers, continuous-flow
driers. Other publications consist-
ed of workshop safety manual and
success cases of popularization of
selected agricultural machinery.

Industrial extension

Khan (1991), former head of the
Agricultural Engineering Divi-
sion of IRRI and who simplified
the design of the power tiller and
developed the axial-flow thresher
for local manufacture by small- and
medium-scale machinery fabrica-
tors, suggested the “commercial ap-
proach to machinery development”
for adoption by public research
institutions to have relevance in the
sustainable supply of appropriate
and useful agricultural machines to
farmers.

He also noted that the traditional
institutional approach had not been
effective because of the research
institution’s mandate to produce
new knowledge to satisfy academic
requirements and curiosity with
little regard to applications in the
field although such applicability was
not entirely ignored. The application
thrust usually conflicted with the
agenda of producing a new design
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as dictated by the institutional man-
date and by the personal interest
of the researcher in achieving and
showing performance in the short
term.

Thus, it was not surprising that
the engineering research institu-
tions become archives of designs
for design sake and museum of
machine prototypes which never
got to be commercially produced
and used by farmers. Such outputs
however, could be sources of ideas
in a public-private partnership pro-
gram wherein the public research
institution works with creative and
innovative private manufacturers
and mutually enforce one another in
achieving the best machinery prod-
uct that is functional and efficient as
well as satisfies farmers’ needs.

The public engineering research
institution is usually mandated to
help the government in formulat-
ing strategies in conformity with
government policies. When the
relevant strategy, activities and
implementing rules and regulations
are approved and made public for
transparency, the research institu-
tion may proceed without appre-
hension in dealing with the private
agricultural manufacturers as part-
ners in design, development and
commercialization of the machines
developed to the point of farmers’
acceptability, affordability, durabil-
ity and other desired features for
successful commercialization of the
machine. Together they can work
in synergy towards developing the
right machinery technologies which
are acceptable to the farmers.

On the one hand, the entrepre-
neurial machinery fabricator or
manufacturer may be a creative and
innovative engineer himself and has
a cadre of selected well-qualified
shop technicians. The entrepreneur
should have the capacity to sustain
even a modest design and develop-
ment project, which may not be
revenue-making in the short-term
but because of his/her experience in
marketing among farmers has the

gut feeling of success. The strength
of the research institution is in pro-
fessional engineering design capa-
bilities of the staff and the approach
for the interest of the public, espe-
cially the farmers rather than the
profit motive. The institution how-
ever, is normally weak in the com-
mercial aspects that will finally get
their outputs in the hands of farmers
and other users.

On the other hand, almost the op-
posite attitude and capability occurs
in the private manufacturer’s side
especially in developing countries
and understandably so because as
stakeholder, his/her aim is the pro-
tection of investment. The profit-
making motive and the risks in-
volved make the activities focused
on short-term goals and investments
in design and development and
long-term ones may be far from the
agenda of a fledgling manufacturing
enterprise.

Thus, from the public point of
view the program satisfies a man-
dated requirement to be of service
to farmers and from the private en-
terprise point of view the program
meets the goal of making profit
through commercial sales of ma-
chinery. However, this strategy ap-
pears not to have taken root among
the supposed partners in machinery
design, development and commer-
cialization mostly because it needs
drastic changes from the rigid gov-
ernment accounting and auditing
procedures to the more flexible bud-
geting of the private sector. Besides,
the question of misappropriation of
public funds for partnership with a
particular manufacturer is always
in the minds of intrigue makers and
engineering staff in the public in-
stitution tend to shy away from any
activity that may tarnish their pro-
fessional and public service integ-
rity. The research institution would
be wary of the risks to reputation
in handling public funds and would
like itself to be freed from protests
and intrigues sown by disfavored
manufacturers.

An instrument that may avoid
such intrigues and encourage the
engineers and the institution to
engage in partnership is to select
the manufacturer partner through
public bidding for transparency and
prevention of anomaly in favoring
a certain manufacturer who will be
at an advantage. Another method
is to do it through an association of
manufacturers so that the deal is in-
stitutional rather than individual.

The research institutions in Thai-
land and the Republic of Korea have
adopted the above strategy and have
made progress in the machinery
manufacturing and supply industry
either through their own govern-
ment initiatives or with confirma-
tion of their approach through par-
ticipation in RNAM which has been
advocating such approach. Never-
theless, it is informative to make
case studies of the two countries
specifically of their experiences in
overcoming constraints, encourag-
ing the private manufacturers to
be cooperators or partners with the
research institution and avoiding
possible intrigues. Other developing
countries may adopt the successful
approach if solutions to potential
problems were made first as shown
by the two countries’ experiences
and adopted strategies.

On the technical side, Thailand
presents a model of private sector
rather than research institution ini-
tiative. One innovative but practical
rice combine manufacturer who
has obtained an engineering degree
from the Philippines, embarked on
the ambitious design and develop-
ment of the rice combine. His major
motivator was his vision of Thailand
becoming one of the major export-
ers of quality rice. His initial models
of the rice combine were crude- and
monstrous-looking typical of design
and development process where
the initial aim was functionality to
satisfy the need, which he previ-
ously studied rather than industrial
design for its salability. He adapted
the axial-flow thresher design from

130 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2020 VOL.51 NO .4



AMA 50" Anniversary Special Edition : SDGs and Agricultural Mechanization

IRRI for the threshing and cleaning
unit. He also adapted, using locally
available materials, the usual west-
ern combine design for the track-
type support and propelling unit, the
header and the cut materials con-
veying unit as well as the bagging
and the later the bulk handling unit
for the threshed and cleaned paddy.
It took him quite a while to make a
“perfect” design as he went through
the process of field test and evalu-
ation and gathering feedback from
cooperating and non-cooperating
(having hostile attitudes) farmers,
government officials, economists,
laborers and international visitors.
When he saw the light at the end of
the tunnel and needed refinements
in design, he consulted the engi-
neering research institution engaged
in R&D of agricultural machinery.
Periodic meetings between re-
search, design and development
institutions in India have been held
since at least in 1979 to develop
closer contacts between the manu-
facturers, extension workers and the
design institutes. Field demonstra-
tions and exhibitions of agricultural
implements in the villages under
actual farming conditions was em-
phasized for increasing awareness
and demand for implements. These
meetings revealed that most of the
small-scale manufacturers lacked
technical know-how in streamling
production and the NI could take
steps in assisting them. This status
of small-scale manufacturers has
been true for all the RNAM PCs
and appropriate actions have been
taken to address their problems.

Ripple Effect of RNAM

The following is an excerpt from
Chapter 16 of the book entitled
“Mechanization for Rural Develop-
ment,” published by the FAO Inte-
grated Crop Management (Lantin,
2013).

“Perceived as RNAM’s ripple ef-
fect, there have been initiatives of

some international development
agencies in establishing regional
networks in Latin America and East
Africa (ESCAP/RNAM, 1986). The
United Kingdom’s Overseas De-
velopment Administration and the
British Council convened a confer-
ence in Vera Cruz, Mexico in 1986
to promote the formation of the Lat-
in American Regional Network for
Small Farm Mechanization aimed
at increasing technical cooperation
among Latin American countries
and other regions in the aspects
of agricultural engineering for the
small farmer. Representatives from
14 Latin American countries as well
as from France, UK, and Switzer-
land participated in the conference
(SARH, 1986).

“Another indication of the ripple
effect of RNAM was the initiative
of FAO and ILO in East Africa.
They conducted a joint inter-agency
mission in Botswana, as preparatory
work for the establishment of the
African Network for Agricultural
Tools and Equipment.”

In the UGEXPO, an international
exposition organized by the Belgian
Federation of Agricultural Machin-
ery and Horticultural Equipment
and held in Brussels, Belgium in
1990, the idea of initiating and cre-
ating a Euro-African Network for
Agricultural Machinery based on
a similar concept of RNAM was
discussed among the delegates of 18
countries in Africa.

Conclusions

It took nine years for RNAM to
be realized in 1977 from an initial
study in 1968. Perhaps the initial
interests in creating RNAM-type
collaboration in the Latin Ameri-
can and African regions could be
revived in the light of the success of
RNAM in Asia, its evolution into
the Center for Sustainable Agricul-
tural Mechanization, the continuing
concern for food security among
developing countries and a com-

mitment to achieve the Millennium
Development Goals of the UN.
Given the modern communication
technologies, the formation of such
a Network and the implementation
of activities would easier and faster
than that of RNAM.

As variant, a parallel inter-
regional network between Africa
and Asia would be beneficial as the
lessons achieved in RNAM could
be beneficial to a similar network in
Africa. For example, by institutional
arrangements, information on im-
proved hand tool and animal-draft
implement technologies developed
in the RNAM PCs could be made
available for trial under local condi-
tions by the R&D institutions in the
African countries.
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Agricultural Mechanization Today in Indonesia in
Relation to the SDGs

Introduction

On the occasion of the anniver-
sary of AMA, | would like to send
message of congratulation to Mr
Yohizuke Kishida, President of Shin
Norinsha Co, Ltd, may and Chief
Editor of AMA will becme more
populaer in the furure especially in
Asia, Africa and Latin America. On
his occasion, a report on the prog-
ress of farm machinery applications
in Indonesia especially related to the
SDGs is presented.

The merits of the use of mechani-
zation for development of agricul-
ture, especially in rice production
area:

1. Using tractors can:

a. Improve the efficiency of hu-

man labor

b. Reducing had labor for the

Fig. 1 Rice production in Indonesia

by
Kamaruddn Abdullah
The Graduate School,

Darma Persada Unversity

INDONESIA

farmer
c. Wider area of cultivated land
per unit time
2. Faster planting works using rice
transplanters
3. Wider area for harvesting work
per unit time and faster harvest
time using harvester
4. Reducing post-harvest losses
5. Lowering the cost of production
6. The quality and quantity of agri-
cultural produce guaranteed
7. Creating more job opportunities
for farmers for post-harvest han-
dling activities
8. Increase rice production
9. Improving the economic growth
of farmers
These merits has given impact
on achieving SDGs (UNDP, 2020)
namely as indicated by the increase
in farmers exchange value index
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(Fig.2).This leads to responsible
consumption and production, de-
cent works and economic growth,
zero poverty, zero hunger and good
health and wellbeing.

Availability of Farm Ma-
chinery

At present the availability of
farm machinery in Indonesia has
been increased from 2010 to 2016.
Starting 2011, rice transplanter was
beginning to be introduced. Since
then the number has been increased
significantly. Since 2012 power
thresher and combined harvester
were introduced. Their number in-
cluding rice transplanter have been
increased recently, especially after
the government has established an

Fig. 2 Exchange value index of farmer’s income
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UPJA (Farm Machinery Service
Unit) in 2008 to farmers group in all
of the province in Indonesia. This
unit provides services to do farm
work such as:
« Land cultivation using tractors
« Irrigation using water pump
* Harvesting using combined har-
vester
* Threshing using power thresher
« Drying of rough rice, corn, soy
bean using dryer Source: Min-
stry of Agriculture
Each unit covers an area of 30 Ha.
Since the establishment of the unit
is just in the beginning they
are still need improvement in
manpower for technical works as
well as for managerial works. Cen-
tral Java province where the unit
can be found most with 2,096 units,
followed by South Sumatera prov-
ince with 772 units and South Kali-
mantan province with 735 units.

Rice Production

As the impact there has been
increase in rice production where
mechanization is mainly take place
from 70.8 million of rough rice to
80 million tons in 2018. The har-

vested area and productivity are
also increase accordingly as can be
seen from Table 2 and Fig. 1.

¢ Rice milling using RMU

« Other service works using farm

machineries

» Workshop

As shown in Table 1,except in
2011 the number of farm machinery
provided by the government has
been increased from 2010 to 2016.

Exchange Value Index of
Farmer's Income

The exchange value index is the
ratio between the prices of produces
sold by the farmer against the price
of their consumption. If the value of
index is greater than 100 meaning
the farmer has increase in their in-
come. (Sri Hastuti Suhartini and 1.
Wayan Rusastra, 2015)

REFERENCES

UNDP, Sustainable Development
Goals (2020). Visited July 2020
https://www.undp.org/content/
undp/en/home/sustainable-devel-
opment-goals.html

Table 1 Realization of government supply of farm machinery

Year Two wheel Four wheel Water pump Rice
tractor tractor transplanter

2010 4,036 7 3,622 0
2011 662 11 410 176
2012 1,567 50 600 0
2013 3,996 0 2,002 153
2014 15,435 0 4,069 379
2015 25,509 1,244 16,271 5,074
2016 262,090 2,822 354,699 8,601

Source: Ministry of Agriculture, 2016

Table 2 Increase in harvested area and production of rice in Indonesia

Year Harve_sted area Productiyity Production (m_iIIion
(mill.Ha) (ton rough rice/Ha) ton rough rice)

2014 13.790 5.135 70.812

2015 14.120 5.341 75.415

2016 15.160 5.236 79.378

2017 15.712 5.165 81.153

2018 15.995 5.192 83.044

Source: BPS (Bureau of Statistics)

Ministry of Agriculture, (2016)

BPS (Bureau f Statistics), (2016)

Sri Hastuti Suhartini and I. Wayan
Rusastra,(2015), AARD (Indo-
nesia Agency for Agricultural
Research and Developmeent),
Ministry of Agriculture.

m
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Sustainable Development for Agricultural Products

Processing Industry and Agricultural Mechanization

in Vietnam

Vietnam economy is now one of
the world’s fastest growing econo-
mies and the agricultural production
always plays an important role in
the economy throughout the time.
However, together with the achieve-
ments, the economy and agricultural
production also suffer problems
from not growing sustainable, such
as damaged environment, climate
change, sea level rise, soil salinity.
Therefore, Vietnam’s government
calls for scholars from many dif-
ferent areas to do research about
sustainable development for the
economy and the agricultural pro-
duction as well.

Agricultural products processing
industry in Vietnam has developed
rather good, with the capacity of
processing 120 million tons of ag-
ricultural products per year. This
industry with 7,500 firms and many
household productions can fulfill
domestic demand and also export to
the world. Agricultural mechaniza-
tion has been applied intensively in
many parts of production, includ-
ing soil preparation (94%), planting
(42%), caring (77%), harvesting
(65%). These achievements lead to a
trend of applying more automation
and robotics in agricultural produc-
tion and a move towards a smart
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agriculture in Vietnam.

Besides the progress, both agri-
cultural products processing indus-
try and agricultural mechanization
still remain with some problems.
Regarding the former, many firms
have not fully controlled the raw
materials for production, the capac-
ity of processing some agricultural
products are still weak and cannot
fulfill the domestic demand, the
loss of post-harvest is still large, the
industry still has not developed well
compared to the world, processed
products are mainly semi-processed
and the government’s policies still
have not fully supported for the
industry. About the latter, the per-
centage of mechanization in some
parts in production are still low, the
machines are still backward with
low capacity, the financial mecha-
nism is limited to the industry, the
infrastructure of raw materials areas
are not well-prepared for mechani-
zation and high volume agricultural
production. Together with the men-
tioned problems, climate change
also affects the agricultural products
processing industry and agricultural
mechanization through damaging
the raw materials areas. In addition,
machinery manufacturing technol-
ogy and the quality of human re-

source in the industry is still limited
as these issues hinder the develop-
ment of processing industry and
mechanization.

Based on the facts, there is a need
to find the way out for the sustain-
able development of agricultural
production. Some ideas and solu-
tion can be considered including,
promoting mechanization and
processing industry with modern
technologies, automation and robot-
ics; developing suitable machinery
manufacturing technology for the
manufacturing condition, infra-
structure and raw material in Viet-
nam; cooperating with advanced
countries, such us Japan, the United
States, South Korea, Taiwan, in pro-
cessing industry and mechanization
for learning experience and sup-
porting each other; applying digital
technology for achieving a smart
agriculture industry with high qual-
ity products and protecting the envi-
ronment at the same time; improv-
ing the quality of human resource
working in the industry.

Specifically, Vietnam strives for
better economic growth for the pe-
riod after 2020:

- The proportion of agricultural
products processing industry
in the Gross Domestic Product
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(GDP) rises to over 30%

- The growth rate of processed agri-
cultural products will reach 7-8%
| year

- Over 50% of establishments pro-
cessing key agricultural products
for export will reach the level of
Advanced Manufacturing Tech-
nology

- Labour productivity will rise to
over 7%/year

- Average power requirement of
machinery reaches 3.5 HP/ha; 5-6
HP/ha after 2020

- Using four-wheel tractor instead of
two-wheel tractor

- Mechanization of large-scale agri-
cultural fields
To achieve the above mentioned

goals, the Vietnamese Government

will focus on:

- Developing programs to support
enterprises in agricultural prod-
ucts preservation and processing

- Financial incentives and tax policy
for mechanization, agricultural
processing; strategies to reduce
post-harvest losses

- Land policy for agricultural pro-
duction

- Strategies for sustainable agricul-
tural development

- National high-tech research and
development program for agricul-
tural products preservation and
processing

- Moving towards agriculture 4.0

- Running projects on agricultural
mechanization and reducing post-
harvest losses
Over the past few years, thanks to

the establishment of the AMA Jour-

nal (Agricultural Mechanization in

Asia, Africa and Latin America),

and as a senior lecturer, the former

Dean of the Faculty of Engineer-

ing and Technology and the Vice

President of Vietnamese Society of

Agricultural Engineering, | have

acquired the great knowledge, help-

ing me convey good ideas to the
students and researchers.

This year, AMA is 50 years old,
an important milestone marking the
growth of the journal. I would like
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to represent the researchers in the
field of Agricultural Engineering in
Vietnam to wish AMA Journal all
the best.

In the future, with AMA as a
strong link, | look forward to the
closer and more effective collabora-
tion between researchers in the field
of Agricultural Engineering, the
support and assistance of all AMA’s
colleagues. | do hope that we can
implement appropriate measures to
improve agricultural productivity in
Vietnam and all over the World.

In addition to being a Co-Editor
of AMA, I look forward to the col-
laboration in seminar organization,
technology transfer in agricultural
mechanization and bilateral or mul-
tilateral research collaboration.
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Introduction

The Egyptian Economy is under-
going a process of liberalization and
privatization. Agriculture is at the
heart of the economy and conse-
quently the liberalization and priva-
tization policies have a significant
influence. Farmers now are free to
cultivate any crop they wish.

Egyptian economy has tradition-
ally relied heavily on the agricul-
tural sector for food, fiber and other
products. The agricultural sector
provides the livelihood for about
55% of the inhabitants and employ-
ment for about 34% of the total em-
ployment labor force. In addition,
agriculture contributes about 20%
of the gross domestic product (GDP)
and about 20% of the total exports
and foreign exchange earnings.

The demand for agricultural prod-
ucts is increasing due to popula-
tion increase and the need for more
export earnings. The country plan
is to cultivation a total of 3.4 mil-
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Agricultural Engineering research Institute,

lion acres from the desert area up to
the year 2030. This requires more
emphasis on agricultural research
to identify agricultural sector con-
straints and to develop solutions
through appropriate technologies es-
pecially in the newly cultivated and
reclaimed areas. International Donor
Agencies are helping the govern-
ment to implement its policies, by
providing technical assistance and
funds. Most of these funds directed
toward farmers and the private sec-
tor. This article is concerned with
mechanization. There is research
and practical evidence that specific
farm mechanization will enhance
agricultural yields, lower production
costs, and produce a positive net
income for the farmers and national
economy. The most factors are:
< Agronomy practices: improve
yield through new technology
tillage and cultivation practices.
» Crop Calendar Optimization:
Crop yield improved through
timely planting and harvesting.

Rania Khamis Ibrahim

Senior Researcher

Agricultural Engineering research Institute,
ARC, Egypt

Rania.ibrahim22@yahoo.com

Ahmed El Behery

Emeritus, Chief Researchers

Agricultural Engineering research Institute,
ARC, EGYPT

behery28@yahoo.com

 Reduced Production Cost: Out-
put per worker-hour increased,
therefore, reducing on farm pro-
duction labor cost.

» Harvest Loss Recovery: On-
farm crop losses of main crops
through improvement of har-
vesting technique.

 Enhance current levels of mech-
anization.

Mechanical Operations

Land Preparation

This phase involves the vari-
ous field operations for preparing
the land for cultivation, including
seedbed preparation and planting
vegetable and perennial crops. The
primary purpose of tillage operation
is to produce edaphically conditions
that are best suited for germina-
tion, seeding development and crop
establishment. Soil structure within
the seedbed should:

« Provide the necessary soil-seed
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contact to ensure good germi-
nation.

 Allow plant roots to penetrate

easily into the soil to a proper
depth so roots can exploit the
available nutrients and water.

Seedbed preparation influenced
by numerous factors, the most im-
portant of which are tractors power,
tillage equipment and seedbed prep-
aration system used.

In Egypt, Soil is prepared for
planting two or three time a year
that is for winter, summer and Nile
crops. Due to the intensive nature
of agriculture, the time for soil
preparation is very limited. After
crop harvesting, the soil is prepared
directly without any adjustment for
soil moisture. For example, to pre-
pare the soil for wheat cultivation,
plowing occurs in the wet soils after
the rice harvest, in small areas and
in very dry soils after cotton pick-
ing. Under such circumstances seed-
bed preparation, is technically very
difficult operation since the clay
soils are too sticky to plough when
soil is wet and under dry conditions,
large clods produced.

In both cases, expensive second-
ary tillage operations needed to
produce a proper seedbed, with
these physical and environmental
conditions, the tillage implements
available. to farmers are not efficient
for adequate soil preparation.

Normally farmers use the chisel
plough for field plowing in two di-
rections, one perpendicular to the
other. The maximum attainable
depth of the two paths ranges from
15 to 18 cm according to the pre-
vailing soil conditions.

case, there is a high chance of ma-
chine damage and a negative effect
on seed germination. Manual plant-
ing is the common practice now.
The result of both poor seedbed and
manual planting is affecting germi-
nation rate, poor crop stand, and un-
even plant growth, and thus a lower
yield.

Planting

Nearly all planting and seeding
are done by hand. Tractor rental sta-
tion with the ARC, has successfully
introduced the use of seed drills
for wheat planting. Because of this
program farmers, are now aware
of the merits of using mechanized
planting techniques. For potatoes,
some farmers are now using semi-
and fully automatic planters, but on
a very limited scale in old land, but
is widely used in new land. For rice,
small areas are planted using the
Japanese rice transplanting system.
Apart for this, there is no mecha-
nized planting for other crops except
on state farms or research projects.
The main problem facing the use of
mechanical planters and seeders is
the current practice seedbed prepa-
ration.

Agricultural Tractors

The data for the average period
(2005-2009) five years mechaniza-
tion plan estimated the number of
agricultural tractors reached about
133 thousand tractors. This is an

Table 2 Tractors origin

average of 7 tractors for each 1,000
feddan (420 ha) (1 Fedan = 0.42
ha). The published figures from the
undersecretary of agricultural eco-
nomics, Ministry of Agriculture,
Source: Central Department of Eco-
nomic Affairs Sector, MLAR, Egypt
in 2018 indicates that the tractors
numbers was 136,144 as shown in
Table 1.

Tractor Annual Replacement

In general, farmers keep their
tractors as long as possible; the
average lifetime could be 15 years.
Consequently, This means an an-
nual replacement of 3,000 tractors.
Mainly 95% of imported tractors
from Romania, Russia and the
Czech Republic, but the remaining
5% of the replaced tractors im-
ported from Western countries. The
following is the estimated numbers
of each power range to fulfill the
required operations yearly:

Current trends of increasing the
prices of Eastern type tractors will
encourage farmers to buy Western
type tractors.

Tractor Manufactures Origin

There are at least 11 different trac-
tors brand in the tractor population:
38% are Romanian (U.T.B), 32%
Russian (Belarus), 10% Egyptian
local assembly (Nasr), 3% Czech
Rep. (Zetor). 9% Western types
(Fiat, MF, Kubota, act), 1% (former)
Yugoslavian (I.M.T and I.M.R) and
7% other makes as shown in Table
2 and Fig. 1.

Recent studies have emphasized Country Brand %
the difficulty of good seedbed using Romanian Universal 38%
these implements. The poor seedbed Russia Belarus 32%
made the use of mechanical planters Egypt Nasr 10%
or seeders impracticable. In such a Czech.Rep  |ZETOR 3%

Western Type |DEUTZ, Lamborghini, new Holland, John Deere, 9%
Table 1 Number of tractor Kubota, Case IH, SAME
Year 2009 ‘ 2018 Yugoslavian  |[IMR, IMT 1%
Inside the valley | 103,777 125,883 Other makes  |Foton %
Outside the valley 6,291 10,261 Total 100%
Total 110,068 136,144 Source: Central department of economic affairs sector, MLAR, Egypt
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Table 3 Yearly tractor replacement

Tractor No. Power range
500 25-45 HP
2000 65-70 HP
500 90-150 HP

Source: Professional estimates

Power Range

The tractor power range Majority
tractor power population is 65-70 hp
represent 76.6%, while 23.4% are
25-60 hp. A noticeable difference
exists among the governorates for
this parameter as shown in Table 3.

Tractors Ownership

According to survey studies,
95.7% of tractor population is owned
by private farmers and hire service
contractors. Cooperatives own 1.4%
while the remaining quantity owned
by government agencies.

Tractor Population Density in
Governorate

On average, there are 11 tractors
for each 1,000 feddan (420 ha). The
difference among governorates is
obvious. In Qena, the rate is 13.6
tractors per 1,000 feddan, as com-
pared to 10.6 tractor per 1000 fed-
dan in Dakahlia. In Fayoum, there
are 8.8 tractors per 1,000 feddan.

The variation among the three
governorates also exists among dis-
tricts within the same governorate
and among villages in the same dis-
tricts.

Available Tillage Agricul-
ture Implements

Tillage equipment classified into
two main categories:

Primary tillage equipment cut
and shatter soil and may bury trash
by inversion, mix it into the tilled
layer or leave it undisturbed. And
secondary tillage equipment operate
on shallow soil depth, providing ad-
ditional soil pulverization, leveling
and firming the soil, reducing air
pockets, killing weeds and helps to
conserve moisture.

In Egypt, the distinction between
primary and secondary tillage is not
known and the tillage implements
available to the Egyptian farmers
on a very limited scope. The most
common chisel plough is a locally
produced tractor mounted type, with
seven shanks. The plow width is 2
m. Maximum attained depth in one
path is not more than 15 cm. From
a professional point of view, this
plough not considered as primary
tillage equipment, but rather as a
cultivator. Recently in sugar cane
areas, farmers have started to use
two bottom Mould-board plow but
on a very limited scale. Secondary
tillage tools like disc harrows and
rotary tiller are limited use to the
majority of the farmers.

The hydraulic field leveler is well
designed and is reasonably efficient.
It is manufactured in medium size
workshops and companies. It has
1.8, 2.4, 3 or 3.6 meter operating
widths. The last two sizes accom-
modate laser-leveling requirements.

In summary, the only tillage
implements owned by farmers and
private sector machinery service
operators are:

* Chisel plough (cultivator).

* Rotary tiller

 Furrow opener

* Field leveler

* Disc Harrow

Role of Dealers, Distributors
and Local Manufacturers

One of the main functions of deal-
ers and distributors should be to
market their goods by demonstration
at field days, providing a compre-
hensive after-sales service, making
spare parts available and providing
training for end-users. These func-
tions are new for most dealers and
distribution as other organizations
used to perform these functions on
their behalf. With the implementa-
tion of privatization, dealers and
distributors will have to undertake
these functions in order to establish

themselves in the market. The con-
cerned institutions can help in this
transitional phase by cooperating
with dealers in demonstrations and
in disseminating information. One
of the key functions of the Egyptian
Agriculture Bank is to encourage
private distributors at the branch
level by providing loans for the
provision of technical assistance to
end users. The development of local
manufactures of farm machinery is
a crucial factor if the level of mecha-
nization is to be improved. Local
manufacturers can ensure reason-
able prices, the availability of spare
parts, and the continuous develop-
ment of the machinery. Although
farm machinery is not very compli-
cated, it requires materials of certain
specifications and tolerance. Farm
machinery manufacturers are well
established in Europe but, locally
immature. upgrade the industry for
local manufacturers to establish in-
stitution provide loans to local man-
ufacturers to upgrade their facilities
and construct new production lines.
The following are tentative list of
manufacturers, companies and deal-
ers functions in Egypt Table 4.

Ministry of Agriculture's
Role and Support

In the late 1970s, the government
of Egypt and MALR took the lead
on promoting machinery custom
hire service stations in each gov-
ernorate, the main goal of these
stations was to provide machinery
services to farmers on actual cost,
and introduce new type of equip-
ment. The Ministry of Agriculture
and Land Reclamation considered
these stations as a pilot activity. The
aim behind that was to encourage
small contractors on village level to
establish similar centers. The Min-
istry of Agriculture has established
about 146 stations and some sta-
tions are under construction. Also,
the public sector was involved and
established ASWAN mechanization
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Co., NUBARIA engineering Co.,
and MENIA mechanization Co. In
the meantime, QENA mechaniza-
tion Coop. and General Mechani-
zation Coop. were established and
functioned at the same period. The
Agricultural Engineering Research
Institute being the official national
governmental body is responsible
for leading and conducting applied
research on agricultural engineer-
ing. The main emphasis of the in-
volvement is to strengthen and build
up the agricultural machinery adop-
tion process, this means to develop,
test, and extend suitable technolo-
gies which address the most critical
bottlenecks and constraints in the
farming system.

Training Activities

Concerning Ministry of Agricul-
ture and Land Reclamation strategic
plan on capacity building in mecha-
nization field, the ministry has
established specialized agriculture
machinery training centers fully

equipped with advanced teaching
materials and equipment. The fol-
lowing is a tentative list:

» Farm Machinery Training Cen-
ter, Mamoura, in Alex. Gover-
norate.

» Farm Machinery Training Cen-
ter, Bilbas, in Sharkia Governor-
ate.

e Rice Mechanization Center,
Meet Eldiba, in Kafer El Shaik
Governorate.

* Sids Machinery Training Center,
Sisd, In Bani Souif Governorate.

- Senbllaween Training Center, in
Dakahlia Governorate.

Agriculture Tractors and
Equipment

Number of Agriculture Tractors
and Equipment at the Level of the
Country

Tractors

Statistical data for the period

(2009-2018) indicate that the number

of tractors increased from about 110

thousand in 2009 to about 136 thou-

Table 4 List of Egyptian local companies produce agricultural equipment

sand in 2018, an increase of about
23 thousand, which represents about
20.7% compared to the same in 2009,
for many reasons perhaps the most
important increase in agricultural
newly reclaimed land during the pe-
riod as shown in Table 5 and Fig. 1.

Irrigation Pumps

As shown Fig. 2 Statistical data
for the period (2009-2018) indicate
that the number of irrigation pumps
increased from about 806 thousand
in 2009 to about 1,013 thousand
in 2018, an increase of about 211.8
thousand representing about 26%
compared to the same in 2009. This
may be due to the development of
irrigation methods and desert recla-
mation during this period.

Threshing Machine

As shown Fig. 3 Statistical data
for the period (2009-2018) indicate
that the number of threshing ma-
chine increased from about 55.99
thousand in 2009 to about 73 thou-
sand in 2018 with an increase of
about 14.7 thousand and about 25%
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Table 5 Numbers of agricultural tractors and equipment in the governorates (2009-2018)

Irrigation pump Other
Years Agricultural _ _ Threshing machines
tractors | Stationary | Mobil Total machines &
equipment
2009 110,068 | 140,161 666,122 806,283 55,926 193,861
2010 112,824 | 144,346 657,685 802,031 58,363 198,277
2011 115,491 | 149,642 652,725 802,367 58,695 207,651
2012 123,276 | 173,322 680,684 854,006 62,171 215,731
2013 125,131 | 165,607 714,846 880,453 63,790 229,882
2014 127,704 | 174,254 721,732 895,986 67,294 236,447
2015 133,298 | 175,016 782,518 957,534 71,743 243,847
2016 135,090 | 198,808 804,889 1,003,697 71,113 251,166
2017 136,683 | 244,537 769,844 1,014,381 73,224 292,508
2018 136,144 | 231,375 782,488 1,013,863 73,139 288,995

Source: Central department of economic affairs sector, MLAR, Egypt

compared to 2009.

Other Machinery and Equipment

Statistical data for the period
(2009-2018) indicate that the num-
ber of machines and other equip-
ment increased from about 193.8
thousand in 2009 to about 288.9
thousand in 2018 with an increase
of about 90.7 thousand and about
45.8% compared to 2009 as shown
in Table 5 and Fig. 4.

Agricultural Tractors and Equip-
ment at the Level of Egyptian
Region

Tractors

As shown Fig. 5. The data for the

Fig. 1 Number of tractors 2009-18
(Unit: thousands)
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average period (2014-2018) indicate
that the number of agricultural trac-
tors reached about 133 thousand
tractors, and the governorates of
lower Egypt had the largest share of
about 82 thousand tractors, which
amounted to about 65% of the total
number of tractors, while in the
governorates of Middle Egypt on
about 19 thousand tractors by an es-
timated 16%, while the governorates
of Upper Egypt accounted for about
19% of the total number of tractors.

Irrigation Pumps

The data for the average period
(2014-2018) indicate that the num-
ber of irrigation pumps reached

Fig. 2 Number of irrigation pumps
2009-18 (Unit: thousands)
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about 977 thousand machines, and
the governorates of lower Egypt the
largest share of about 647 thousand
irrigation machines by about 68%
of the total number of irrigation
pumps, while in the governorates
of Middle Egypt About 199 thou-
sand machines at a rate estimated at
21%, and the governorates of Upper
Egypt accounted for about 11% of
the total number of irrigation pumps
as shown Fig. 6.

Threshing Machine

As shown Fig. 7. The data for the
average period (2014-2018) indicate
that the number of threshing ma-
chines reached about 71 thousand
machines, and the governorates
of lower Egypt accounted for the
largest share of about 44 thousand
machines, which amounted to about
64% of the total number of Thresh-
ing machines. Similarly, in the gov-
ernorates of Middle Egypt about 14
thousand machines by an estimated
16%, while the governorates of Up-
per Egypt accounted for about 20%
of the total number of study ma-
chines and ablation.

Agricultural Tractors and Equip-
ment at each Governorate
Tractors

As shown in Table 6 Data for
2018 indicate that the total num-
ber of tractors reached about 136
thousand tractors, of which about
125 thousand tractors represent-
ing 92% in the governorates within
the valley, where the governorates
of Kafr El-Sheikh about 16.8 thou-
sand tractors representing 12%, and
Sharkia about 14 thousand tractors
representing about 10% of the total
The number of agricultural tractors
in Egypt, respectively, the gover-
norates of Dakahlia 12.5 thousand
tractor representing 9%, El-Beheira
12.4 thousand tractor representing
9%, El-Gharbia 11 thousand tractor
representing 8%, Assiut 8.1 thou-
sand tractor representing 6%, Menia
8 thousand tractor representing 6%,
and Menoufia 7.8 thousand tractor
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representing 6% for the same year
as shown Fig. 8.

The governorates outside the val-
ley contributed to the number of
tractors about 10.2 thousand trac-
tors representing about 7.6%, mean
while Nubaria region about 7 thou-
sand tractors representing about 5%
of the total Republic.

Tractor Population Density:

The average five years from 2014
to 2018 estimated the number of
tractors 133,784 on average of 8 trac-
tors for each 1,000 feddan (420 ha).

The difference between governor-
ates is obvious. In Qena the rate is 15
tractors/1000 feddan, as compared to
in Gharbia and Kafr EI- Shikh trac-
tors 16 per 1000 feddan in 2018.

Irrigation Pumps

The data in 2018 indicate that the
total number of irrigation pumps
reached about 1,013 thousand ma-
chines, of which about 980 thousand
pumps representing about 96.7%
in the governorates within the val-
ley. The governorates of Sharkiya
about 158 thousand pumps rep-
resenting 16%, Behera about 149
thousand pumps representing 15%,
and Al-Gharbia about 109 thousand
pumps representing 11% of the to-
tal number of irrigation pumps in

Fig. 5 Tractors at the level of Egyptian
region

Fig. 8 Tractors at each governorate

Table 6 Numbers of Agricultural Tractors and equipment In The Governorates, 2018

Governorates | G709 | inpe | % | machines | %
Behera 12,469 9.16 149,054 14.70 6,465 9
Gharbia 11,305 8.30 109,304 10.78 5,256 7
Kafr — Elsheikh 16,848  12.38 104,030 10.26 14,953 20
Dakahlia 12,570 9.23 35,333 3.48 5,213 7
Sharkia 14,136  10.38 158,958 15.68 7,576 10
Menoufia 7,880 5.79 53,345 5.26 2,707 4
Menia 8,033 5.90 82,235 8.11 6,200 8
Assuit 8,145 5.98 28,772 284 7,311 10
Other governorates 34,497  25.34 259,664 25.61 15,978 22
Inside the valley 125,883  92.46 980,695 96.73 71,659 98
Noubaria 7,015 5.15 20,834 2.05 738 1
Other governorates 3,246 2.45 12,334 1.00 742 1.04
Outside the valley 10,261 7.60 33,168 3.06 1,480 2.05

Total 136,144 100 1,013,863 100 73,139 100

Source: Central department of economic affairs sector, MLAR, Egypt

Egypt. The governorates of Kafr El-
Sheikh about 104 thousand pumps
representing 10%, Menia about 82
thousand pumps representing 8%,
Menoufia about 53 thousand pumps
representing 5%, El-Dakahlia about
35 thousand pumps representing 3%
and Assiut about 28 thousand pumps
representing 3% Respectively as
shown Fig. 9.

The outside the valley contributed
to the number of irrigation pumps
with about 33 thousand machines
representing about 3%, meanwhile
the Nubaria region about 20 thou-

Fig. 6 Irrigation pumps at the level of
Egyptian region

11%

Fig. 9 Irrigation pumps at each
governorate

sand machines representing about
2% of the total Republic.

Threshing Machine

Data for the year 2018 indicate
that the total number of Threshing
machines reached about 73 thou-
sand machines, of which about 71
thousand machines represent about
98% in the governorates within
the valley, where the governor-
ates of Kafr El-Sheikh about 14.9
thousand machines representing
20%, Sharkia about 7.5 thousand
machines representing 10% The

Fig. 7 Threshing machine at the level of
Egyptian region

Upper Egypt
20%

Fig. 10 Threshing machine at each
governorate
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total number of Threshing machines
in the Republic, respectively, fol-
lowed by Assiut about 7.3 thousand
machines representing 10%, Behera
about 6.4 thousand machines rep-
resenting 9%, Menia about 6 thou-
sand machines representing 8%,
Gharbia about 5 thousand machines
representing 7%, Dakahlia about
5 thousand machines representing
7% and Menoufia about 2 thousand
machines representing 4% Respec-
tively as shown Fig. 10.

The Governorate outside the val-
ley contributed to the number of
Threshing machines of about ma-
chine a thousand representing about
2% of the total Republic.

Agricultural Tractors and Equip-
ment by Brand
Tractors
The average period (2009-2018)
indicates that the most used tractors

Fig. 11 Tractors by bland (Unit: thousands)
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Fig. 17 Irrigation pumps by bland in
lower Egypt (Unit: thousands)
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in Egypt are U.T.B, Nasr, Belarus
Brand with about 51, 43, 14 thousand
tractors representing about 38%,
32% and 10% of the total agricultur-
al tractors. then comes Zetor, Fiat,
and Yugoslavia Brand by 3.%, 9%,
1% of the total as shown Fig. 11.

Irrigation Pumps

As shown Fig. 12 Data for the
average period (2009-2018) indicate
that the most used irrigation pumps
in Egypt Kirloskar, Peter Brand
with about 260, 106 thousand ma-
chines representing about 29%, 12%
of the total irrigation pumps. Then
comes Deutz, Kubota Brand repre-
senting 9%, 8.7% of the total.

Threshing Machine

Data for the period (2009-2018)
indicate that the most Threshing
machines are local manufactured
are 74.6% of the total. But Marshal

Fig. 12 Irrigation pumps by bland
(Unit: thousands)
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Fig. 15 Tractors by bland in middle Egypt
(Unit: thousands)
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4.6%, and Danube (Bulgarian)
Brand representing 4.3% of the total
as shown Fig. 13.

Agricultural Tractors and Equip-
ment by Brand Name, According
to Geographical Sectors™

Tractors

The data for the period (2014-

2018) indicate that the number of ag-

ricultural tractors reached about 133

thousand of tractors, and number

in the governorates of lower Egypt
about 81.9 thousand tractors, and the
most used brands in those provinces

Romanian about 29 thousand repre-

senting 36%, Nassr Brand about 23

thousand tractors estimated at 29%

of the average number of tractors in

that period, The Russian brand next

7.3% of the average number of trac-

tors in lower Egypt as shown Fig.

14.

While the number of tractors in

Fig. 13 Threshing machine by bland
(Unit: thousands)
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Fig. 18 Irrigation pumps by bland in
middle Egypt (Unit: thousands)
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Fig. 19 Irrigation pumps by bland in
upper Egypt (Unit: thousands)
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Table 7 Numbers of agricultural tractors according to powers, ownership in the governorates (2009-2018)

Power by HP Tractor Ownership
Years Tractor Less than . - -
numbers 35 35-50 51-70 More than 70 | Individuals | Associations |Organizations
2009 110,068 7,115 10,238 69,492 23,223 105,519 1,577 2,972
2010 112,824 6,798 10,466 71,907 23,653 107,781 1,899 3,044
2011 115,491 8,512 11,876 70,737 24,366 110,338 1,849 3,304
2012 123,276 8,651 13,264 75,421 25,940 117,468 2,701 3,107
2013 125,131 9,794 12,843 73,828 28,666 117,678 3,597 3,856
2014 127,704 10,358 14,817 74,635 27,894 123,294 1,548 2,862
2015 133,298 12,421 16,600 74,339 29,938 127,469 1,936 3,893
2016 135,090 11,095 18,018 74,765 31,212 130,316 1,988 2,786
2017 136,683 9,385 19,682 72,775 34,841 130,130 3,632 2,921
2018 136,144 9,236 20,080 73,278 33,550 129,642 3,727 2,775

Source: Central department of economic affairs sector, MLAR, Egypt

the governorates of Middle Egypt
about 19 thousand tractors, and the
most used brands in those prov-
inces, Russia 6 thousand represent-
ing 31.5%, and the Romanian about
5 thousand tractors by 29.5% of the
average number of tractors in the
governorates of Middle Egypt, next
come Nasr 5.6% of the average as
shown Fig. 15.

As shown Fig. 16 The highest
tractor number in governorates in
Upper Egypt have acquired about
23,000 tractors, and the most popu-
lar brands in these governorates are
Romanian and Russia, with about
11.4, 3.7 thousand tractors by 50.4%,
16%, of the average number of trac-
tors in Upper Egypt governorates
respectively. Next comes Nasr brand
about 12.2% of the average total
tractor number of brands.

Irrigation Pumps

As shown Fig. 17. The data for the
period (2014-2018) indicate that the
number of irrigation pumps reached
about 977 thousand machines, about
647.8 thousand in the provinces
of lower Egypt, and the most used
brands in those provinces Kirloska
about 181 thousand representing
28% , Piter about 79 thousand repre-
senting 12%, Deutz about 57 thou-
sand representing 9% of machines
in lower Egypt.

As shown Fig. 18, While the
number of irrigation pumps in the
governorates of Middle Egypt about

199 thousand during the average of
the same period, and the most used
brands in those provinces Kirloska
about 77 thousand representing
39%, Deutz about 20 thousand rep-
resenting 10%, Next comes Kubota
about 16 thousand representing 8%
of the average number of irriga-
tion pumps in the governorates of
Middle Egypt.

As shown Fig. 19. The governor-
ates of Upper Egypt acquired about
101 thousand irrigation pumps, and
the most used brands in these prov-
inces Piter about 31 thousand rep-
resenting 32.4%, Kubota about 11.9
thousand representing 12.3% of the
average number of irrigation pumps
in the governorates of Upper Egypt.

Fig. 20 Tractors according to powers

80
o
60
50
40
£l
20
10
o
Less than 35 35- 50 51-70 More than
70

Fig. 22 Number of pesticides sprayers

120

100

a0

60

40 - -

0

0

2009
2010

- ~
= =

=
~

0 w0 ~
= = =
= =

~ ~

~ ~

2013
2014
2018

=t Knapsack Sprayer B Big Sprayer Motores

I'Source: Central Department of
Economic Affaris Sector, MLAR,

Egypt.

Tractors in Terms of Power and
Ownership

As shown in Table 7 The number
of tractors during the period (2009-
2018) according to the horsepower
less than 35 horsepower, estimated
at about 9 thousand tractors rep-
resenting about 7.4 % of the aver-
age number of tractors. While the
number of tractors at power 35-50
HP about 14.7 thousand tractors on
average, which is about 11.8% of
the average total number of tractors.
Tractors of 51-70 HP 73,000 trac-
tors as shown Fig. 20, representing

Fig. 21 Tractors owenership
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about 58.2% of the total number of
tractors. While The number of trac-
tors more than 70 horsepower about
28,000 tractors representing about
22.6% of the average of tractors.
The majority of power is between
51-71 HP, where they account more
than 58.2% of the total power in the
agricultural sector, followed by trac-
tors with more than 70 HP, of 22.6%
of the average Total tractors.
Numbers The tractors ownership,
the data for the same period show
that Tractors owned by individuals
and the private sector amounted to
95.5%. next the Organization repre-
senting 2.5%, and associations rep-
resenting 2%. The results show the
importance of the private sector in
agricultural development, as it has
the largest proportion of agricultural
machinery. as shown in Fig. 21.

Pesticides Sprayers

As shown Fig. 22. Statistical data
for the period (2009-2018) indicate
that the number of pesticide spray-
ers in the Egypt increased from
about 98,426 in 2009, Including
63,959 knapsack sprayers, 34,467
big sprayer motors to about 149,914
in 2018, of which 101,065 were
submachine sprayers, 48,849 large
sprayers.

As shown Fig. 23 Data for the
average period (2009-2018) indicate
that the number of pesticide spray-
ers reached about 121 thousand
machines, and the governorates of
lower Egypt accounted for the larg-
est share of about 78.7 thousand
sprayers, which amounted to about
69% of the average total. While in
the governorates of Middle Egypt
about 22.4 thousand sprayers esti-
mated at about 20%, and the gover-
norates of Upper Egypt accounted
for about 11% of the total number of
pesticide sprayers.

Recommendations

In light of the results that can be
reached, the study recommends the
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following:

1. Increasing the number of Agri-
cultural Tractors in light of the
increasing investment opportuni-
ties in the agricultural sector in
Egypt.

2. Expanding the use of advanced
technology in agricultural ma-
chinery to increase agricultural
production.

3. Study the necessary needs of
machines according to the state
plan in the agricultural reclama-
tion and agricultural development
projects
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SDGs and Storage Obstacles of Agricultural

Production in Egypt

Professor

Kafr Elsheikh 33516, EGYPT

Sustainable Development
Goals and Egypt Vision
2030

The sustainable development
goals (SDGs) are of 17 global goals.
Sustainable agriculture is a global
target for achieving some goals of
global Sustainable Development
Goal SDGs. The government under-
takes many priorities in the agricul-
tural field sectors to achieve the sus-
tainable development goals. It devel-
oped a strategy for three priorities
through a cooperative program with
the FAO from 2018 to 2022, where
the Ministry of Agriculture and
Land Reclamation signed a techni-
cal cooperation protocol to update
the sustainable agricultural develop-
ment strategy in Egypt 2030, which
will be funded through the FAO
Technical Cooperation Program,
as the protocol includes develop-
ing an action plan to implement the
strategy in the form of medium and
short-term plans and programs that
include implementation, monitoring
and evaluation mechanisms (FAQ,
2017). The government’s second
priority for raising food security de-
gree in strategic food commodities
is envisioned through some outputs.
The most interesting one is devel-
oping a multi-sector action plan to
reduce pre- and post-harvest losses
and to strengthen the management
of post-harvest operations along the
value chain, smallholders who pro-

by
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Dept. of Agricultural Engineering,
Faculty of Agriculture, Kafrelsheikh University
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duce grains and horticultural crops

(FAO, 2020a).

Egypt is seeking to achieve food
security and sustainable agriculture
through different plans on short and
long terms. Sustainable agriculture
is a production practice of integrity
of plant and animal over long term.
There are many obstacles that face
sustainable agriculture in Egypt:

1. Lack of precise data about local
and foreign markets to balance the
demand and supply mechanics

2. Losses in agricultural production
due to the weak storage capacity
to accommodate different crops
and use of primitive storage tech-
nologies.

3. Poor connection between small
farmers with academic researches
for agricultural practices and
knowledge transfer.

The losses in Agricultural produc-
tion are different from one crop to
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another for example the wheat grain
losses have started with 50% at 2015
to be from 10 to 20% at 2020, After
the expansion in number of silos

Grain Storage Problem and
the Governmental Efforts

Egypt’s average production of
wheat amounts to 8.45 million tons
and expected to be in 2020 about 9.5
million tons and imports more than
six million tons. Where in 2020, the
total cultivated area of wheat is 3.4
million Feddans (1 Feddan = 0.42
ha), compared to 3.1 million Fed-
dans last year, Fig. 1.

Due to poor wheat storage system,
50% of wheat production was wast-
ed (Arabfinance, 2015). The govern-
ment has determined the defects in
the wheat storage system, and in or-
der to implement the largest national

Fig. 1 Annual wheat production in Egypt from 2010 to 2018,

(Statista, 2020)
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project for wheat storage to maintain
its quality and reduce its waste, and
eventually reduce the huge cost of
food. The project includes 50 silo
plants for wheat and grain storage
to be implemented and constructed
in 17 governorates, Fig. 2, with a
storage capacity of 1.5 million tons,
and they are: Burgash in Giza, Mitt
Ghamr and Sherbine in Dakahlia
and Qantara in eastern North Sinai,
Tanta in Gharbia and Menouf in Me-
noufia, Heya in Sharkia, Damanhur
in Beheira, Sabahiya in Alexandria,
Qena and East Al-Aweinat in Al-
Wadi Al-Jadid, Banha in Qalyubia,
Bani Sweif, Bahnasa, Sheikh Fadl in
Minya, Tamiya in Fayoum, and Al
Maphalsa in Aswan, (SIS, 2020).

Silo Storage
There are two main companies for

Fig. 2 Silos locations over the country
Mill z

Fig. 3 Field silos for wheat storage in
Sharkia

silos and storage in Egypt, the oldest
one is General Cooperation for Silos
and Storage (GCSS). The GCSS
Company was established by a de-
cree issued by the prime minister
on May 25, 1888 (GCSS, 2020). The
second company is Egyptian Hold-
ing Company for Silos and Storage
(EHCSS) which was created at 2002
(EHCSS, 2020), that belongs to the
Ministry of Supplies and Internal
Trade (MSIT). The national project
for wheat storage was launched at
January 20, 2015, on an area of 20
thousand square meters for one silo
plant.

The total number of silos at the
national level reached 74 silo plants,
with a storage capacity of 3,880
million tons in August 29, 2020
(EHCSS, 2020).

of Egypt

Rehab

Field Silos Plan

Sharkia Governorate has suffered
for long periods of poor infrastruc-
ture to store and receive wheat sup-
plied by farmers, even though it is
ranked second in wheat production.
The project to establish field silos
close to the collection centers for
farmers to save transport costs for
them and reduce their burdens so
that crops can be better collected to
enhance the supply processes, Fig.
3.

Open-field Storage (Shona)

The majority of government stor-
age consists of a traditional flat stor-
age system called the Shona. The
poor quality of this storage causes
specific losses from exposure to
weather and pests. In addition, the
wheat is handled manually in jute
bags, which adds impurities and
losses (bags tear easily and are easy
to steal). While there are no official
estimates available of the losses at
the Shona, they are believed to be in
the range of 10-20 percent, Fig. 4.
The government in parallel with the
building of the huge iron silos - ex-
ecuted an integrated project to prog-
ress 105 open-field storage systems
and convert them into modern so-
phisticated wheat storage “hangers”
in 79 locations in 20 governorates.

Perishable Products Storage
Problem

The losses of perishable products
(Fruits and vegetables) are deter-
mined to be 45-55% of annually
production. Grapes and tomatoes
are the most vulnerable to loss in

Fig. 4 Open field storage (Shona) Before (A) and After (B) developing
A B

e I
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production. The ancient methods
of fruit harvesting, packing, trans-
portation and distribution are still
followed in many farms, and studies
for determining the stages of fruit
picking according to the marketing
system near or faraway the markets
did not take sufficient attention, es-
pecially in many fruit crops, as the
means of precooling, refrigerated
transport and refrigerated stores are
not sufficient to preserve the fruits
from harvest until packing with the
least amount of spoilage, knowing
that the vast majority of horticultur-
al products are perishable because
they contain a high percentage of
moisture, many of horticulture
products contain a high percentage
of sugars that promote the growth
of pathogens, in addition to that. In-
sufficient packaging houses and the
failure to keep pace with the new in
the science and arts of packaging
and packing, and the insufficiency
of land and sea refrigerated trans-
port and reliance on air freight in-
creases marketing costs and reduces
price competition for the product in
foreign export markets. The serious
loss was at retail and wholesale of
the value chain. To reduce this loss
percentage the value chain should
be developed. The development

Fig. 6 Tomatoes paste and juice plants
in Egypt

should start from postharvest to
marketing and eventually to the pro-
cessing stage, (FAO, 2020b). FAO
launched a project starting in 2015
to 2019 focusing on the value chains
of tomato and grape, they realizing
an awareness campaigns to small-
scale farmers about the techniques
should they follow at harvesting and
if the market prices are low, they
will dry the tomatoes and grapes.
This solution in application is not
economically feasible if there is not
a tomato processing plant nearby
the field to correctly receive the
dried tomatoes or at least drying
and packaging station as shown in
Figs. 5 and 6. Grapes need also this
drying station to handle the excess
production safely.

The Program of Cold Chain for
Agricultural Products

The program of cold chain is
an important to consider in the
advanced supply chain to reduce
the respiration rate, microbial ac-
tivities and ripening process. After
harvesting, the cold chain program
starts instantly including packing,
precooling, transportation, cold
storage, and eventually market sup-
plying. Cold chain program interests
field heat removal from the perish-
able products. Quick precooling en-
hances freshness, progressing cold
storage, and prevent chilling hurt
(‘vahia and Smolak, 2014) Post har-
vest losses is nearly up to 25-30%
without precooling, which reduced
to be only 5-10% by precooling
(ang et al., 2007).

Fig. 7 Forced air precooler

__,Rnlrn air plenum

Pallet

Lateral -
supply air .
zone -

Fig. 5 Training on tomato drying as
a sustainable solution to food losses

and waste reduction
. A —~

Methods for Precooling
the Produce

There are seven principal meth-
ods of precooling horticulture
crops; room, forced air, hydro, ice,
vacuum, cryogenic and evaporative
cooling. The perishable products
enter the precooling mean either as
raw material or after packing. The
precooling facility works on heat
removal from the produce caused
by temperature gradient between
the internal air and the agricultural
product, which is called heat driv-
ing force. With larger heat gradient,
quicker heat transfer is occurred.
The room cooling method may take
several days to cool down from 20
to 5 °C (Elansari et al., 2019). Room
cooling has less field heat capac-
ity than other precooling methods;
due to the heat transfer depends on
convection transfer. Forced air pre-
cooling method, Fig. 7, can reduce
the temperature of grapefruit of 14.6
°C in 2.5 hour. However, the cool-
ing room method reduces only 3.5
°C in 2.5 hour (Barbin et al., 2012).
(Wu et al., 2018) studied the influ-
ence of package type on cooling rate

Fig. 8 Mobile precooling system
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and heterogeneity that indicates the
open top packs have slowest cooling
rate and highest heterogeneity.

It is recommended to use mobile
pre-cooler, Fig. 8, which can move
to the harvesting location to reduce
the delaying time between harvest
and precooling and reduces the
handling processes (Kitinoja and
Thompson, 2010).

The mobile precooler can be stand
next to the picking crew which al-
lows the crop to rapidly accommo-
date as they are harvested.

Poultry and Beef Cold Storage

According to statistical report of
Ministry of Agriculture and Land
Reclamation (MALR) that only 86.7
million from 589 million broiler
chicken have been slaughtered by
slaughterhouses, If all broiler farm-
ing uses its full growing capacity,
the slaughtering deficit will 35%. In
addition, the slaughterhouses have
an inferior infrastructure of equip-
ment of cold storage, FAO, 2017 and
MALR, 2015, Table 1. Fig. 9 shows
most of cold storages concentrated
on the districts of Cairo and Giza.

The cold storage plants are not
only for poultry and meet storage
that will be competing with fruits
and vegetable.

Freezing Equipment

The freezing industry has emerged
as one of the primary means of pre-
serving this expected agricultural
production. However, freezing as a
means of preserving food, despite
its spread, leads to the emergence of
some defects that negatively affect
the quality and safety of frozen food,
most notably the mechanical effect
on the tissues of the food item. As a
result of the natural increase in the
volume of the nutrient, by converting
its moisture content into ice crystals,
the freezing period becomes slower.

The slow freezing process leads to
the growth of these crystals in size,
which results in severe damage to
the tissues of the food item, which
appears in the form of separation of
the cellular juice for these materi-
als after melting them. It also leads
to the activation of some chemical
reactions that negatively affect the
quality of frozen food. There are
many types of traditional freezing
equipment can be used to store the
agricultural products. Type selec-
tion depends on different factors as:
produce sensitivity, shape and size,
storage space and production rate.
Freezing equipment can be catego-
rized into different groups (1) Direct
contact freezers such as; plate freez-
ers (Dopazo and Fernandez-Seara,

Fig. 9 Refrigerators, freezers and cold storage locations in Egypt

Baltim

2012), scraped surface freezer
(Bongers, 2006; Drewett and Har-
tel, 2007) and contact belt freezer
(Awonorin, 1997) (2) Air as cool-
ing medium freezers such as; still
air freezers, air blast tunnel, belt
freezer, fluidized bed freezer, and
impingement freezer, and (3) Liquid
as cooling medium freezers such as;
immersion freezers and cryogenic
freezers.

Development in Freezing Tech-
niques

Recently, a number of modern
technologies have appeared that
address the phenomenon of rapid
freezing, so that frozen food ap-
pears in a more fresh state. Among
these techniques are freezing under
a magnetic field and freezing under
high pressure, which depends on a
single scientific basis called “hyper
cooling”, where the food is exposed
to a temperature very lower than its
freezing temperature, without these
materials being frozen by external
influence and after homogeneous
cooling occurs in all parts of the
food item are separated. The rapid
and homogeneous freezing in all
parts of the food item leads to the
formation of very small ice crystals
that do not cause significant damage
to the tissues of the food item. The
advanced freezing techniques are
(1) High-Pressure Freezing (LeBail
et al., 2002) (2) Dehydrofreez-
ing (James et al., 2014) (3) Hydro-

Rasheed Samietta fluidization Freezing (4) Ultrasound
g 5 ponisad Freezing (Islam et al., 2014) (5)
o,-' Damar::li'éiur o Iyi.ansoura ¢
Emy 803 2 W‘““ | Table 1 Cold storage growth and its capacity
SRR _ g | Years Number of | Size in cubic |Actual storing
. A cold storage meters capacity, tons
_ Ll By 2007 1,328 2,607,204 2,052,605
AL Badr For 3 2008 1,386 2,647,718 1,883,063
'_"‘__?S‘"‘*"fs_f“"z?”*‘ Ml F’“"Eg*@moeforsngmeemg 2009 1,475 2,679,494 1,670,702
°f 9 99 D S 2010 1572 2,587,819 1837518
" @% Qs e Svez 2011 1,607  2,665611 1,977,471
* : gl
clelal a0 ‘ 2012 1,650 2,752,304 2,734,599
__________ o e srisgors 2013 1,560 2,380,710 2,328,310
: ¢ 2014 1667 2365710 2,214,436
sinuris LS ] 2015 1,739 2,151,529 2,153,448
JFayyn - AT : 2016 1,843 2474974 2,170,525
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Magnetic Resonance Freezing
(Fikiin, 2008).
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