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Abstract

Today the world faces many environmental challenges including climate change, pollution,
and biodiversity loss. As nature is the key input for agriculture, climate change is, thus, an
integral part of any agricultural discussion. In the meantime, agriculture also contributes to
environmental changes and greenhouse gas emissions. Key GHG emitting activities include
plowing, water management, enteric fermentation, fertilizer usage, manure management, fuel
consumption, rice cultivation, among others. With such complexity, this article seeks to
understand the changing landscape of agricultural innovation and technology under climate
change from a holistic perspective rather than from an agricultural perspective alone.
Important trends include changes toward 1) a sustainably energized world, 2) a data-driven
world, 3) a hyper-connected world and 4) a biosphere-modified world. With such changes, the
government needs to provide incentives and encourage more new agriculturists by means of
the following policies: 1) enhance business models for smallholders; 2) web 2.0 for citizen
science of agricultural knowledge; and 3) support agricultural technology for local plants. The
new agriculturists shall be knowledgeable of the nature and technology alike so that their
agriculture practices can bring financial sustainability as well as environmental sustainability in

the long run.
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Climate-smart
agriculture
practices

Climate

Support climate change
mitigation and adapt to the
effects of climate change

Nature
Enhance soil health,
biodiversity and
ecosystem services

Economics

Improve farmer incomes and
enhance food security by
producing sufficient,
high-quality food

DT 2 NANNITYBNKLINNNISINYATYIYRAIAND T8N (climate-smart agriculture; CSA) Usvenilsamsy

annmglsy

77'12‘.1/7: (World Economic Forum, 2022)

Climate-smart inputs

Organic inputs (organic fertilizers;
harvest and pruning residues)

Energy-efficient tools and machinery
Low-carbon mineral fertilizers
Biostimulants

Improved crop varieties (e.g. drought
resistant, more nutrients or water
efficient, or higher yielding)

Biological crop protection products

Biodegradable plastic ground
cover (prevents weeds and improves
water retention)

Nitrification inhibitor for fertilizers (slow
fertilizer decomposition, increasing
nitrgoen uptake by plants and
reducing overall application need)

Agro-ecological
practices
No-till farming and direct seeding

Sail coverage or permanent cover
(with crop residue or pruning residues)

Buffer strips or permanent vegetation
Cover crops

Rotational grazing

Efficient irrigation
technology

Use of water efficient irrigation
technology such as drip irrigation

Fertigation (applying fertilizer
through irrigation systems to
increase fertilizer use efficiency)
| Dynamic irrigation based on soil
' moisture sensing and digital
' decision support tools

Precision farming
techniques
" Nutrient management planning tocls
! (using farmland analyses to optimize or
reduce overall fertilizer use)
Irrigation management planning tools

Variable rate fertilizer application (different
. rates and/or types of fertilizers withina !
 field according to a pre-set field map)

! Remote sensing (e.g. satellite, drone)
. Farm management software

! Decision support apps for crop protection
! (optimizing or reducing pesticide use)

Private weather station
Soll nutrient cartography
Soil analysis modelling
Variable rate seeding

Dynamic fertilizer application according
| to crop growth ]

Targeted application of herbicides

. enabled by cameras and sensors

Digital practices

D91 3 UM NNISIAEUMUAIFULUUAINTIUN I SN YA TIne UTUsenaNn15Yey CSA dmsuanamglsy
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mstfudeyalunnune (real time data) sinldndosinly wagnioiwuwosvszianens q u
maifudeya 1Wu ndesdunanediandu (multispectral camera)’ ndasdugamnil (thermographic
camera)® lans (LIDAR)* wazloun (SONARY udfu nmdeyasnndesuazieuigedong « waty
ingnihunldaueiudiuiumaluladaueinadaaioe (artificial intelligence; Al lunsiasent wan
139 uazuansHavestoyafimnzauiunsiadulasng 9 rdendafunsunuiiaudaddulsusasdu
JdlensspanmussiukazulanaifioudaiuliiFesnsiiuieseinisnmaguasdidls madudeya
Wuildmiunisinuns Jenanedugiuddglunisiauinisinensuiugigs (precision farming)
desnuianssumaril awannsouddandanudesnisiiuandistusesiulfudasduuazdn fusay
ildograduilaan lubagsuiinsiauilusunsufidisudsanundoulunnfusandn udsdos

Tsalunssauitvwaz Ty Ananysalvesiy waznsiaaudninlguiu (King 2017)
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, 2566; SnUNUAR, 2561) weanand FalBnvatewendintunsiudeyavainalgdiuie $1A15uTe

2 v ' | A . o = ~ & A = a a =
NADNANYNTNUAIY T NARUY (multlspectral camera) @1U1505UTWARULEINANUDIYAU AD RGB @LAg ALy Lhagd
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H13uld wazannlniuRerduiinuedlaidiu 1wy aaulndsumsise (Near infrared: NIR) lgsUluUYeINIs
avTtaundiusng q Wil avannsatisdmisunsnsesagriofivnssald

> néesdugamadl (thermographic camera) Sild3utsnauBuNTLIA (infrared) Feazidundunasidissuenis
SEAUANLTOUTRITRANA

*1ann3 (light detection and ranging; LIDAR) l¥nsduanuiiuassuiuunisasviouveuaniagesndainmn
nszvuinguils q mmLémﬁuuaﬂumiaxﬁau%ﬂhaﬂwamwwaﬁmqfu 9 MNBULDT wazgUiUUNITEYIOU
ilmsnsranefaunntiosifiedlaaztistvendstanuesingtiu q Meduieaty

> Tgw13s (sound navigation and ranging; SONAR) T¥n1sduanunsiuazguuuunisasieureademaminannssny
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o |
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I8 0 @ 1%

favamnsaiiuanuusiugilriulnealunswernsalldunn wifsuduazdedinszuiunmsiinseid
Fudousnndetunumn Tuvasfentu iaveamslinsgitarianideyaning  Aifdnuinuasnslu
Inessasuaglusziunia (nsuaniouinen, 2566) 3 slidreronisdndulavesnusnsnsuinin
\eannlianunsnesureiennuunninsvesnienniaszdugos (micro climate) #iagnansidy
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NWAINTUNNGUINTIY 1Y nduegluinumsiusdaya (contract farming) NwWnsNSNUGNAYLAAT
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dlanfiweusieafiulunnany (Hyper-connected world)
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A 1

AoLilae T2 N1SITaNRaTraslng STUULATOUIBUSIIUNIINNENIUAT (low-power, wide-area
network; LPWAN) szuulniuas seuudumasiinlsane (wifi) ssuudumnesiidn 56 1Judu Jade
Y & o w v & 1% =% o W v a i Ao =~ v v P v
Fuindisudiaguesuilduil adreadsiudusuliunslisuivasglaniduindeunedeyadnsiu
A = @ ) | a a v & &
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Lazuvandnnleuiu ludunisinens nsfeusdedulunneayduiugiuddydnisesnuuy

WInNIsuMTNunsenluds Ndaiudseansamlunisnseneduiuazideudnainiilnaludnemie

ndadeduimdounaasugiatazinalulagteny aunsaninnisallainlueuannisdsse
Toyanasn1sdeansazsiauarasadwiedeyalaungsdu (Goedde, Katz, Ménard, & Revellat,

2020) nswdousions o wardidunisluiiugiudidgiinelimiamalulagdumesidaynassnds
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91A589assElufiufinIsinums (Goedde et al, 2020)
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JuindiaudiAyNYIeneulangguasd AuraINateveIeIMis NedeyieasnenulunmIaeIvig
(food security) Tu un v1aLaauvialan (Paarlberg, 2010) ALY DUADAINANIUDNAINALVIVIN
nwnsnsinatnfivenediundu dadunsiiunsudsduliuninunsnsiiesdiuiagseantaiusinves
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Qﬁanﬁu'%w%'smw,ﬂ?iau‘lﬂ (Biosphere-modified world)

< [ N a = A & 1 = [ [ 4 LY

nsinwasdunsusuasuusuninmidudiuniweinmsiaunludnuuyeduvaie iy
Yuda wu nisdnsefuaznsAndeniug wienszuiunisugndnanuiaiudalaidndussdedd
NITUIUNMITIL usussnygwrasysdriundahluivasnetesiuliiviylaivuuuwdesiviuing @
vneaaudnauiliiinnisuasy GHG diuussennietuiu (Fleming, 2019) fsdnduazsioadiisd
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Wasuulasanmgionielandadudndadeduindowrinlissuunssssusnfasuldimeuniu
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Snivialudsinlufealnevhiuegaunivats TnsmsuSunipumaniudsumailuningy
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T SudsudSuunsusundaninly “wanzan” uwninsdlunuieiunsineniens usnis
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Hadeduind sumanaluladuazauanvasuluauuuilduiig q Aldesuiglithedu sauluds
LLuwmmimwsﬁ'mmaammqﬁmﬂm (climate-smart agriculture; CSA) A2@INANTENUAD
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5 dy [ I I3 [y} 1 a v
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Faaseganununuhvedudileglidndurziosmdatinnufsundasing o inauintu vl
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Y < 1 = = 1 o a
wansliiiuinneasnstulssmaianglasdlunaialanidueg1aun (Finnuasegianisinens,
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msiumsididsteya wnaudilalunsdadulaamu waznsuulumansgsialivangau i
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