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Agriculture	
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Historical	context	
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From	agricultural	revolu9on	to	industrial	
revolu9on	

4	

Bri9sh	Agricultural	Revolu9on	:	unprecedented	increase	in	agricultural	
producFon	in	Britain	due	to	increases	in	labour	and	land	producFvity	
between	the	mid-17th	and	late	19th	centuries.	
	
AMributed	to	social,	economic	and	technology	changes	
	
-  Crop	rotaFon:	Fodder	crops,	parFcularly	turnips	and	clover,	replaced	

leaving	the	land	fallow	
-  Improved	Chinese	plough	(pulled	by	fewer	oxen	or	horses)	
-  TransportaFon	infrastructures	(roads,	canals,	railways)	
-  Land	conversion,	land	drains	and	reclamaFon	
-  Increase	in	farm	size	
-  SelecFve	breeding	

More	and	more	food,	less	farmers:	industrial	revoluFon	
	
Industrial	revoluFon	accellerated	agricultural	revoluFon:	
-  Tractors	
	



History	of	corn	yield	
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Green	revolu9on	

•  1930s-1960s	
•  Normal	Borlaug	(1940s)	
•  Breeding	of	high-yield	crop	varieFes		
•  SyntheFc	ferFlizers	
•  SyntheFc	pesFcides	
•  Expansion	of	irrigaFon		
•  ModernizaFon	of	management	techniques	
– Monoculture,	dependence	on	ferFlizers	and	pesFcides	
–  Breeding	under	the	assumpFon	of	ferFlizers	and	pesFcides	
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Plant	selec9on:	wheat	example	

•  Ideotype:	idealized	plant	type	to	achieve	
high	yield	in	a	specific	environment	and	
cropping	system	

•  Traits:		
–  short	stem	(no	lodging...	but	less	

compeFFve)		
–  fewer	leaves	(just	enough	to	intercept	

available	light)	
–  single,	nonbranching	stem	(don’t	waste	

resources	contesFng	space	with	
neighbors)		

–  early	flowering	(longer	grain	fill	period)	
–  high	harvest	index	(more	grain,	less	

leaf+stem)	
–  erect	leaves	(spreads	available	light	over	

more	leaf	area)	

7	From:	Paul	Gepts	(UC	Davis)	hMp://www.plantsciences.ucdavis.edu/gepts/pb143/Lec13/PB143L13.htm	
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Pieter	Breughel,	1565,	The	Harvesters		



9	

Modern	wheat	



Wheat	yield	

10	

United	Kingdom	

Yield	

T	(°C)	

France	



Rice	yield	
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12	Tilman	et	al	2002	



Green	revoluFon		:	dominant	monoculture		



From	AlFeri	



Less	efficient		
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Yield/ha	is	currently	levelling-off		
	
Diminishing	returns	of	ferFlizaFon	



Unsustainable	
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Soil	erosion,	
drought	



Unsustainable	
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Pests,	diseases	



Evolu9onary	perspec9ve	
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Pathogens	evolve	to	undo	pest	control	

•  Pest-resistant	maize	hybrids	last	about	4	years	
•  Herbicide-resistant	weeds	ogen	evolve	in	10-20	
years	

•  InsecFcide-resistant	insects	ogen	evolve	in	<10	y		
•  Resistant	strains	of	bacterial	pathogens	appear	
within	1–3	years	

19	Palumbi	2001,	Tilman	2002	



From	AlFeri	



From	AlFeri	



Response	to	climate	change	?	
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Climate	change	

From	IPPC	(2014)	



Is	agriculture	resilient?	

•  Modern	agriculture	may	be	consider	to	be	resilient	
(according	to	some	definiFon)		

•  Assuming	the	conFnued	use	of		
–  PesFcides	
–  FerFlizers	

•  And	assuming	their	conFnued	efficacy	
–  Or:	conFnued	development	of	new	pesFcides		
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Is	agriculture	sustainable?	

•  PolluFon	of	soil	and	water	
•  Loss	of	biodiversity	through	land-use	change	
•  Climate	change	
•  Dependence	on	phosphorus	
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What	is	needed	for	agricultural	systems?	

•  Constant	producFon	despite	perturbaFons	
•  Absence	of	epidemics	
•  ProducFon	without	pesFcides	or	ferFlizers	
•  Recovery	of	producFon	ager	climaFc	extreme	event	
perturbaFon	(flooding,	drought,		
hurricane,	etc)	
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What	is	an	agro-ecosystem?	

27	



What	is	an	ecosystem?	
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What	is	biodiversity?	
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What	is	an	ecosystem?	

•  The	system	of	all	organisms	
and	the	non-living	
components	of	their	
environment		
–  i.e.,	“everything”	
–  in	a	delimited	space	(lake,	

forest,	prairie,	valley,	ocean…)	
•  In	terms	of	

–  Energy	flow	
–  MaMer	cycling	(C,	N,	P,	…)	
–  Food	chain,	food	web:	who	eats	

whom?	
–  Ecological	interacFons	

LOSS	

N2	
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Food	chain	(+recycling)	
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Food	web	(+recycling)	
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What	is	an		
agro-ecosystem?	

•  A	simplified	ecosystem	
–  A	single	plant	species:	the	crop	
–  Genotype:	arFficially	selected	

(opFmized	for	performance	under	
ferFlizaFon	and	pesFcide	treatments)	

–  Modified	environment	to	favor	crop	
growth:		
•  Increase	nutrients	(ferFlizaFon)	
•  Reduce	herbivores,	disease	and	compeFtors	

(pesFcides,	fungicides,	herbicides,	plowing)	

–  HarvesFng:	biomass	export	
–  Poor	soil	acFvity,	high	nutrient	loss		
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Norwood	Farm,	UK	(125	ha)	

35	
Pocock	et	al	2012	

560	species	
1501	interacFons:	
-  Trophic	
-  MutualisFc	

(pollinisaFon)	



Characteris9cs	of	natural	ecosystems,	
tradi9onal	and	modern	agriculture	

36	Malézieux,	2012	



What	is	biodiversity?	

GENES	

SPECIES	

FUNCTIONS	

Diversity	of:	
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Soil	ferFlity	

Water	quality	

Nutrient	cycling	

Carbon		
sequestraFon	

Pathogen	transmission	

PollinisaFon	

Fossile	energy	

Natural	
resources	

Pharmacology	

Epidemic	risk	

Trophic	interacFons	

Primary	producFon	

Water	cycle	

Geochemistry	

Sol	stability	

Air	quality	

Agricultural	
producFon	

Climate	regulaFon	

Resistance	to	invasion		
of	exoFc	species	

Ecosystem	“func9ons”	and	“services”	

GENES	

SPECIES	

FUNCTIONS	

“FUNCTIONS”	

“SERVICES”	

Diversity	of:	
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What	is	agroecology?	
•  A	social	movement	

–  Focus	on	tropical	countries	
–  Small	scale,	tradiFonal	agriculture	
–  Focus	on	social	jusFce,	role	of	mulFnaFonals	in	world	
inequaliFes,	peasant	independence	

–  ConservaFon	of	biodiversity,	cultural	diversity	
–  AlternaFve	economical,	societal	system,	human	well	being	

•  An	agricultural	producFon	system	
–  Us	ecological	processes	to	improve	producFon	and	reduce	
dependence	on	pesFcides	and	ferFlizers	

•  A	scienFfic	discipline	
–  How	to	design	sustainable	agricultural	systems	using	ecological	
principles	and	knowledge?		
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What	are	the	scien9fic	principles	
underlying	agroecology?	

•  Use	ecological	processes	to	improve	agricultural	
performance	while	reducing	environmental	impact	

•  Biodiversity:	instead	of	using	monocultures,	use	
mixtures	of	species	and	varieFes	

•  Use	ecological	interacFons	between	species	to	
regulate	pests		

•  Use	ecological	processes	to	improve	soil	
characerisFcs	
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Diversity,	complexity,	recycling,	self-regulaFon	(resilience?)	

“Agroecology”	Natural	ecosystem	 Modern	agriculture	



Bohan	et	al	2013	
•  Mimicry	of	natural	ecosystems:		

–  not	expected	to	provide	the	yields	obtained	in	modern	
agriculture,	

–  Key	ecological	concepts	in	natural	systems			
•  resilience,	stability	and	capacity	for	self-organizaFon	

–  not	necessarily	readily	transferable	or	relevant	to	
agroecosystems	(Malézieux,	2011).		

•  Some	key	ecological	principles	should	hold	in	
agroecosystems	
–  maintaining	diverse	complementary	funcFonal	traits	in	species	
assemblages,		

–  for	sustaining	the	‘predictable’	assembly	of	communiFes	of	
species	around	a	crop		

–  for	the	management	of	the	microbial,	plant	and	animal	species	
naturally	present	in	the	system.		
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Biological	control	

•  Natural	enemies	of	agricultural	pests	may	be	used	to	
limit	pest	densiFes	below	economic	thresholds	
(Costanza	et	al.,	1997).		

•  Such	regulaFon	should	allow	pesFcide	inputs	to	be	
reduced	and	system	resilience	and	sustainability	to	
be	enhanced.		

•  Under	what	condiFons	do	we	expect	biological	
control	to	be	effecFve,	and	in	what	type	of	network	
structure?		

44	Bohan	et	al	2013	



Common	principles	in	agroecology	

•  High	biodiversity	(polyculture)		

•  Combining	animal	husbandry	and	crops	

•  SFmulate	acFve,	alive	soils	

•  OpFmize	spaFal	organizaFon	
(landscape)	

-  OpFmal	use	of	soil	nutrients	
-  PosiFve	effect	on	hydrology	
-  Buffer	against	unfavorable	

condiFons	

-  FerFlizaFon	
-  Weed	control	
-  Herbivore	control	

-  Nitrogen	fixaFon	
-  Nutrient	recycling	
-  Favorable	hydrology	

-  Reduce	pest	and	disease	dispersal	
-  Reduce	wind	damage	
-  Reduce	soil	erosion	
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“Tradi9onal”					vs				“Agroecological”	view	
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