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The  central  question  facing  agriculture  today  is  no  longer
whether it  will  be possible to produce more.  It  is  whether this
production  can  be  done  sustainably,  more  efficiently  and  at  a
sufficient  scale,  while  ensuring  that  scientific  progress  is
implemented as solutions that work on farm. In this sense, the
future of agriculture will not be determined by discovery alone.
It  will  be  determined  by  how  well  agricultural  science  and
technology is engineered into integrated systems that are field-
ready,  scalable  and  capable  of  delivering  both  productivity
gains and environmental benefits.

This is the challenge of the new era. For much of the history of
modern  agriculture,  the  overriding  imperative  has  been  to
increase output. That task remains fundamental, especially in a
world  shaped  by  population  growth,  dietary  change,  resource
scarcity  and  climate  pressure.  However,  the  terms  of  success
have  changed.  Higher  yields  achieved  through  ever  greater
dependence on fertilizer, water and other inputs are no longer
sufficient.  The  true  measure  of  progress  now  lies  in  whether
productivity  growth  can  be  coupled  with  greater  resource  use
efficiency,  lower  environmental  cost  and  more  resilient  farm
livelihoods.

Meeting  that  challenge  requires  a  shift  in  perspective.
Agriculture  must  no  longer  be  understood  simply  as  a  set  of
discrete technologies or as  production confined to the field.  It
is  increasingly  a  connected  and  engineered  system,  spanning
soil  improvement,  seed  selection,  nutrient  and  water

management,  mechanization,  digital  monitoring,  service
delivery,  and  the  wider  organization  of  production.  Its  future
competitiveness  will  depend  not  on  excellence  of  isolated
components,  however  important  those  remain,  but  on  the
capacity to integrate these components into coherent technical,
organizational  and  operational  solutions.  The  future  of
agriculture, in other words, lies in engineering agriculture.

Scientific  discovery  remains  the  foundation  of  agricultural
progress. Yet discovery alone is not the endpoint. The endpoint
is  a  system that  performs under real  ecological,  economic and
institutional  conditions;  a  solution  that  can  be  deployed,
evaluated, improved and adopted beyond an experimental plot.
Agricultural  science  achieves  its  fullest  meaning  when  it  is
organized for application.

China’s  agricultural  experience  offers  an  especially  important
example of this transition. Since reform and opening-up, China
has  demonstrated  how  scientific  advance,  institutional
adaptation and practical innovation can support major gains in
food  production  under  severe  constraints  of  land,  water  and
farm size.  Today,  China is  entering a  new stage,  one in which
the goal is no longer productivity growth in a narrow sense but
instead  green  productivity  growth  in  a  broader  and  more
demanding  sense.  The  key  question  is  not  simply  how  to
increase yield, but how to do so while reducing environmental
pressure,  improving  nutrient  and  water  efficiency,  and
sustaining  economic  returns  to  agricultural  producers.  As  a

PERSPECTIVE

2026 / Volume 13 / Issue 4 / 26688

 
https://doi.org/10.15302/J-FASE-2026688 26688-1

https://doi.org/10.15302/J-FASE-2026688
https://doi.org/10.15302/J-FASE-2026688
https://doi.org/10.15302/J-FASE-2026688
https://doi.org/10.15302/J-FASE-2026688
https://doi.org/10.15302/J-FASE-2026688


brief  international  reference,  a Nature commentary  once
described China as “an experiment for the world”, highlighting
efforts  to  raise  yields  while  reducing  fertilizer  use,  water
consumption  and  nutrient  losses  through  more  integrated
approaches[1].  That  observation  remains  relevant  because  the
central  issue  is  no  longer  discovery  alone  but  also  how
discovery is organized into systems that can deliver more with
less.

This transition matters not only for China,  but also because it
addresses a challenge shared across many agricultural  regions,
namely  how  to  sustain  productivity  growth  under  tighter
resource and environmental  constraints.  Recent developments
in China show how this logic is being put into practice. Among
the  most  compelling  examples  is  the  Green  Ton-and-a-Half
Grain  (GTHG)  initiative  in  Quzhou  County  on  the  North
China Plain.

At  its  core,  the  initiative  establishes  a  demanding  benchmark
for  cereal-based  cropping  systems.  A  single  unit  of  farmland
(i.e.,  1  mu being only 667 m2),  planted over 1 year with crops
such  as  wheat,  maize  or  rice,  is  expected  to  stably  produce  at
least 1.5 t  of grain, equivalent to 22.5 t·ha–1·yr–1.  This target is
pursued through integrated innovation across the full chain of
soil,  fertilizer,  water,  seed  and  crop  management.  Yet  the
ambition  of  the  initiative  lies  not  in  yield  alone.  Its  defining
aim  is  to  achieve  high  output  together  with  efficient  nutrient
and  water  use,  environmental  safety,  and  improved  farmer
income. In this sense, its significance lies not simply in meeting
a  demanding  production  target  but  also  in  showing  how

engineering-based  agricultural  science  and  technology  can  be
organized to deliver productivity, efficiency, sustainability, and
income gains in concert.

According  to  the  Quzhou  case  report,  in  2025  two  67  ha
(1000  mu)  demonstration  fields  in  Wangzhuang  and
Mazhuang  achieved  annual  grain  yields  of  about  23  t·ha–1

compared  with  a  county  average  of  about  16  t·ha–1.  Their  net
returns  were  also  markedly  higher  than  the  national  average
while  maintaining  high  nitrogen  productivity  and  improving
nutrient-use efficiency over  the local  average.  As illustrated in
Fig. 1,  these  gains  were  not  purchased  at  the  expense  of
sustainability.  Rather,  they  show  how  higher  productivity  can
be achieved through more intelligent,  more precise  and better
coordinated resource use.

Just  as  important  as  the  achievements  is  the  mechanism  that
produced  them.  The  Quzhou  breakthrough  was  not  the
consequence  of  a  single  cultivar,  a  single  machine,  or  a  single
management  adjustment.  It  emerged  from  the  integration  of
soil,  fertilizer,  water,  seed  and  crop  management  into  a  full-
process  technical  system.  It  drew  on  precision-enabled
technologies,  including  satellite-guided  seeding,  accurate
planting,  smart  water-fertilizer  integration,  green  intelligent
fertilizers  and deep straw incorporation for  salinity  control.  It
also  relied  on  something  equally  essential,  the  coordinated
participation  of  multiple  actors.  The  Science  and  Technology
Backyard  model[2] provided  long-term  field  presence,
continuous  observation,  technical  innovation,  and  iterative
refinement  of  the  production  package.  Local  government

 

 
Fig. 1    Engineering agriculture in action through the Quzhou Green Ton-and-a-Half Grain model.
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created  the  organizational  conditions  for  implementation,
including  dedicated  working  mechanisms,  policy  support  and
the  consolidation  necessary  for  contiguous  demonstration
plots.  Agricultural  socialized  service  organizations  then
transform the  technical  package  into  an  operational  reality  by
mobilizing fertilizer, irrigation, machinery and other resources
throughout  the  whole  production  process.  In  practice,
engineering  agriculture  is  not  about  isolated  invention.  It  is
about translating knowledge in an organized way into systems
that can be deployed, improved and scaled.

The  wider  implications  of  these  achievements  extend  well
beyond  Quzhou.  The  strategic  report  on  the  GTHG  initiative
notes  that  by  2025  the  model  had  already  achieved  success  in
19 demonstration fields or 67 ha (1000 mu) blocks across eight
provincial-level  regions  in  China.  It  further  argues  that  the
initiative  offers  a  practical  pathway  for  reconciling  high  yield
with  green  sustainable  development  and  may  serve  as  a
valuable reference for countries across the Global South, where
the  pressure  to  expand  food  production  often  coincides  with
severe  resource  and  environmental  constraints.  The
significance  of  this  experience  lies  not  in  offering  a  simple
model  to  be  copied,  but  instead  in  addressing  a  challenge
shared  by  many  agricultural  regions.  Many  developing
countries  still  face  a  difficult  trade-off  between output  growth
and resource dependence. China’s recent experience shows that

this  trade-off  is  not  fixed.  It  can  be  narrowed,  and  in  some
cases  overcome,  when  scientific  knowledge  is  implemented  in
engineered systems that are technically robust, organizationally
supported and scalable in practice.

This  is  precisely  why  a  journal  such  as ENGINEERING
Agriculture is  needed  at  this  transformative  juncture[3].  If  the
future of agriculture lies in engineering-based innovation, then
scholarly  publishing  must  evolve  accordingly.  It  should  not
merely  record  advances  within  individual  disciplines,
important though they are.  It  should also provide a forum for
work  that  connects  discovery  with  design,  design  with
implementation, and implementation with measurable impact.
It  should  welcome  contributions  that  move  beyond  proof  of
concept  and  toward  deployable  solutions;  beyond  isolated
innovation  and  toward  system  integration;  and  beyond
scientific  promise  and  toward  real  transformation  in
agriculture and agrifood systems.

The  future  of  agriculture  will  not  be  secured  by  science  in
isolation, but rather by science organized for application, scaled
through collaboration, and assessed by its capacity to improve
productivity, sustainability and livelihoods together. That is the
promise of engineering agriculture. It is also the responsibility
that lies before all agricultural science.
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