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Overview	

1.  Can	we	predict	pathogen	changes	well	enough	for	targeted	IPM?	
2.  Complexity,	connec?vity,	heterogeneity	and	diversity:	the	

parameters	of	resilience?	
3.  Can	complexity,	connec?vity,	heterogeneity	and	diversity	be	

managed	PRACTICALLY?	
4.  SYSTEMS	that	exploit	such	resilience…	
5.  [APPROACHES	to	resistance	breeding	and	management…]	

ConservaJon	Jllage		
SYSTEMS	

Crop	management		
SYSTEMS	
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Representa?ve	current	and	emerging	pest	and	disease	problems	that	could	threaten	barley	food	security.		
a)	cereal	cyst	nematode,	b)	Barley	Yellow	Dwarf	Virus,																																																							
c)	orange	blossom	midge,	d)	Fusarium	head	blight,	
e)	cereal	bacterial	leaf	streak,	f)	rice	blast	(on	barley),		
g)	Ramularia	Leaf	Spot,	h)	rhynchosporium	or	scald,	i)	stem	rust	(on	barley)	
	
Image	a	courtesy	R	Cook,	b	courtesy	B	Cunfer,	d	and	i	courtesy	B	Steffenson,	e	courtesy	V	Peterson,	all	reproduced	by	permission	from	Compendium	of	Barley	Diseases,	2nd	Ed.,	1997,	American	Phytopathological	Society,	St.	Paul,	MN,	USA;	image	c	courtesy	and	copyright	of	
Rothamsted	Research	Ltd,	Harpenden,	UK.	Image	f	courtesy	of	B.	Steffenson;	image	g	courtesy	of	Dr	Neil	Havis	at	SAC,	Edinburgh,	UK;	image	h	by	permission,	from	Paulitz,	T.	C.,	and	Steffenson,	B.	J.	2011.	Bio?c	Stress	in	Barley:	Disease	Problems	and	Solu?ons.	Pages	307-354	in:	
Barley:	Produc?on,	Improvement,	and	Uses.	S.E.	Ullrich,	Ed.	John	Wiley	&	Sons,	Inc.,	Ames,	IA.	

Journal:	Food	Security	3,	141-178 	 	Crops	that	feed	the	world	4.		
	

Barley:	a	resilient	crop?	Strengths	and	weaknesses	in	the	context	of	food	security.	
		

Adrian	C	Newton,	Andrew	J	Flavell,	Timothy	S	George,	Philip	Leat,	Barry	Mullholland,	Luke	Ramsay,	
Cesar	Revoredo-Giha,	Joanne	Russell,	Brian	Steffenson,	J	Stuart	Swanston,	William	T	B	Thomas,	
Robbie	Waugh,	Philip	J.White,	Ian	J	Bingham	
	

Barley	

1





B. L. Mikkelsen, R. B. Jørgensen, M. F. Lyngkjær 
Plant Pathology, Volume: 64, Issue: 2, Pages: 319-327, 
First published: 08 July 2014, DOI: (10.1111/ppa.12272)  

Complex interplay of future climate levels 
of CO2, ozone and temperature on 
susceptibility to fungal diseases in barley 

Spot	blotch	infec?on.	Percentage	leaf	area	covered	
with	symptoms	and	amount	DNA/ng	barley	DNA	

Powdery	mildew	
infec?on.	Successful	
fungal	penetra?on	

PredicJon	of	pathogen	change	–	possible?	
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Influences	on	pest	and	pathogen	threat	to	food	security	
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Newton,	Johnson	&	Gregory,	2011.	EuphyJca	179,	3-18	
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Where	does	“diversity”	(complexity,	connecJvity,	

heterogeneity	and	diversity)	fit	in?	



Resilience/sustainability	index	
calculaJon	

Complexity	 Heterogeneity	 ConnecJvity	 Diversity	high	(8)	 Diversity	low	(2)	

[Total	number]	 [uniform	/	patchy	
distribuJon]	

Complexity/
heterogeneity	 How	different	 How	different	

8	 high	 2	 low	 4	 high	 512	 		 128	 		

8	 high	 8	 high	 1	 medium	 512	 		 128	 		

2	 low	 2	 high	 1	 medium	 32	 		 8	 		

2	 low	 8	 low	 0.25	 low	 8	 		 8	 		
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q  Crop	genotypes	/	traits	
q  Agronomy	
q  Spa?al	deployment	
q  Temporal	deployment	
	
Ø  Policy	drivers	
Ø  Supply	chain	implica?ons	
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SelecJon	for: 	a)	Simple	 	 	b)	Complex 	 	 	c)	Simple	and	Complex	and	Groups	
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2	

Structured	resistance	gene	deployment	

Mildew1	 	4.09a 	 	 	4.69a	 	 	 	 	2.61b	
	 	 	 	 	 	 	 	 	LSD 		1.06						1	Percentage	whole	plant	infec?on.				 3	
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But	on	a	REAL	farm…	

Pre-mixed	

Drill	hopper	
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Simultaneous	

A	 B	 C	

3	different	varie?es	
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Yield           In situ   Pre-mix 
Mixtures cf. mono mean:  2005   +13%***  -4% 

        2006   +17%***  +10% 

R1	
R2	 R3	 R4	

	Patchy	arrangements	in	the	field	

Rhynchosporium        In situ   Pre-mix 
Mixtures cf. mono mean:  2005   -34%***   +10% 

        2007   -58%***   -35% 
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Intercrops	=	bigger	trait	interac?on	poten?al	=	bigger	responses		



Mature	direct	drilled	wheat	compared	with	inversion	?llage	(plough	&	harrow)	showing	
effect	of	disrup?ng	soil	microbe	–	crop	on	disease	resistance	expression	in	the	field	(UK,	
2018)	
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Centre	for	Sustainable	
Cropping	(CSC)	-	Balruddery	
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www.plant-teams.eu	Thank you! 

Thanks	to:	

Sconsh	Government	(RESAS)	

EU	&	other	funders	

Doug	ChrisJe	(Durie)	

Hupon	Farm	staff	and	Dave	Guy	



	Examples	of	trophic	interacJons	
	
1 	Rhynchosporium	secalis	on	Hordeum	vulgare	
2a 	Ramularia	collo-cygni	on	Hordeum	vulgare	
2b 	Pectobacterium	atrosec9cum	on	Brassicae	and	Solanum	tuberosum	
2c 	Leptosphaeria	maculans	on	Brassica	napus	
3 	Arbuscular	mycorrhizal	symbioses 		
4	 	Ceratobasidium	cornigerum	on	Goodyera	repens	

Newton	AC,	Fim	BDL,	Atkins	SD,	Walters	
DR,	Daniell	T,	2010.	Pathogenesis,	
mutualism	and	parasiJsm	in	the	trophic	
space	of	microbe-plant	interacJons.	
Trends	in	Microbiology	18,	365-373.	

Beneficial	
/	benign	
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All	these	are	affected	by	climate	change	
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Soil: biology and physics 
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Chakraborty	&	Newton,	2011.	Plant	Pathology	60,	2-14	(special	issue	on	climate	change)		

Ø  How	do	we	choose	/	prioriJse	these	opJons?			
Ø  Are	opJons	addiJve	/	synergisJc	/	antagonisJc?	
Ø  How	do	we	promote	and	manage	these	opJons?	
	

In	Integrated	Pest	Management	(IPM):	
	Complexity,	connecJvity,	heterogeneity	and	

diversity	

Figure	2	Influence	of	climate	change	on	rate-determining	processes	that	are	the	result	of	the	complex	interac?on	between	
the	‘enhancing’	(right)	and	‘mi?ga?ng’	(leq)	influences	on	plant	and	pest	⁄	pathogen	interac?ons.	Rankings	for	likelihood	
probabili?es	and	manipula?on	feasibility	are	ini?al	approxima?ons	requiring	cri?cal	review.	



Crop	system	diversity	signalling	influences.	


