
Use of variety mixtures to reduce 
disease, increase resource-use efficiency 
resulting and enhance profitability

Workpackage 2: 
wheat-based rotations

Adrian C Newton



In advanced IPM treatments:

use diverse varieties in conjunction with 
other agronomic practices such as:

• Reduced fungicide dose
• Disease forecasting
• Resistance elicitors
• Reduced seed rate
• Reduced herbicide rate
• No growth regulator
• Reduced tillage
• Reduced fertiliser
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Sheet1 2004-8

		dwt								Mono		2-comp		3&4-comp

																		N2

				comp		N1		2004		2.398		2.402		2.431				2004		3.434		3.552		3.635				3.4		5.9		3.0		4.1

								2005		3.026		3.049		3.066				2005		3.62		3.737		3.741				3.2		3.3		2.6		3.9

								2007		2.831		2.78		2.79				2007		3.613		3.562		3.657				-1.4		1.2		-1.4		0.1

								2008										2008		3.725		3.724		3.722				-0.0		-0.1		-0.2		0.9

				conven		N1		2004		2.468		2.573		2.524				2004		3.546		3.635		3.668				2.5		3.4

								2005		2.956		2.977		2.915				2005		3.563		3.645		3.663				2.3		2.8

								2007		2.857		2.846		2.845				2007		3.649		3.679		3.577				0.8		-2.0

								2008										2008		3.967		3.885		3.979				-2.1		0.3

				Deep		N1		2004		2.487		2.561		2.553				2004		3.635		3.707		3.733				2.0		2.7

								2005		2.975		3.105		3.076				2005		3.674		3.708		3.795				0.9		3.3

								2007		2.74		2.744		2.738				2007		3.623		3.507		3.643				-3.2		0.6

								2008										2008		3.816		3.837		3.748				0.6		-1.8

				minimum		N1		2004		2.25		2.272		2.27				2004		3.389		3.485		3.531				2.8		4.2

								2005		2.83		2.893		2.934				2005		3.461		3.548		3.647				2.5		5.4

								2007		2.629		2.571		2.562				2007		3.501		3.366		3.448				-3.9		-1.5

								2008										2008		3.397		3.214		3.403				-5.4		0.2

				zero		N1		2004		2.17		2.249		2.217				2004		3.343		3.48		3.49				4.1		4.4

								2005		2.796		2.823		2.833				2005		3.289		3.428		3.446				4.2		4.8

								2007		2.386		2.249		2.328				2007		2.957		2.975		3.016				0.6		2.0

								2008										2008		2.742		2.901		2.904				5.8		5.9

		audpcsqrt

				compact		N1		2004		4.096		2.33		1.971				2004		10.978		8.542		6.498				-22.2		-40.8

								2005		6.526		3.437		2.708				2005		7.941		4.765		3.401				-40.0		-57.2

								2007		2.783		1.891		1.731				2007		3.932		3.314		2.997				-15.7		-23.8

								2008										2008		3.295		3.2		2.805				-2.9		-14.9

				conven		N1		2004		3.823		2.626		1.985				2004		11.29		8.689		6.321				-23.0		-44.0

								2005		6.303		3.579		2.516				2005		7.435		4.489		3.452				-39.6		-53.6

								2007		3.154		1.969		1.568				2007		3.982		3.21		2.333				-19.4		-41.4

								2008										2008		2.97		2.849		3.516				-4.1		18.4

				Deep		N1		2004		3.529		2.12		1.862				2004		10.707		7.831		5.617				-26.9		-47.5

								2005		6.149		3.312		2.574				2005		7.525		4.337		2.88				-42.4		-61.7

								2007		2.787		1.635		1.279				2007		3.98		3.248		2.841				-18.4		-28.6

								2008										2008		2.512		2.165		2.721				-13.8		8.3

				minimum		N1		2004		2.792		2.475		2.011				2004		10.801		8.195		7.546				-24.1		-30.1

								2005		7.173		4.671		3.569				2005		8.986		6.488		5.453				-27.8		-39.3

								2007		2.148		1.28		1.245				2007		2.987		2.502		2.115				-16.2		-29.2

								2008										2008		2.834		3.205		2.67				13.1		-5.8

				zero		N1		2004		3.516		2.364		2.314				2004		12.891		9.273		7.798				-28.1		-39.5

								2005		6.63		3.84		3.064				2005		9.012		6.048		4.899				-32.9		-45.6

								2007		2.06		1.341		1.268				2007		2.4		1.823		1.703				-24.0		-29.0

								2008										2008		2.42		2.896		2.774				19.7		14.6
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Sheet1 2004-7 N1+2

				dwt						Mono		2-comp		3&4-comp																audpcsqrt

				compact				2004		2.398		2.402		2.431				-0.2		-1.4		-2.6022051886		-2.8876828922						compact		N1		2004		4.096		2.33		1.971

								2005		3.026		3.049		3.066				-0.8		-1.3		-2.1585024076		-2.6841210473										2005		6.526		3.437		2.708

								2007		2.831		2.78		2.79				1.8		1.5		1.7752459432		0.6939528653										2007		2.783		1.891		1.731

						N2		2004		3.434		3.552		3.635				-3.3		-5.5												N2		2004		10.978		8.542		6.498

								2005		3.62		3.737		3.741				-3.1		-3.2														2005		7.941		4.765		3.401
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Sheet1

		

				treat		cvar		year		2004		2005																																																																2006		2007		2008

				compact		AB				2.8872		3.5172								cvar		year		2004		2005		2006		2007		2008																																												2.1633		3.1883		3.2522

						ABC				2.9711		3.3544								AB				2.9871		3.3973		2.5392		3.0592		3.0349																																												2.065		3.2321		3.1949

						ABCD				3.0839		3.405								ABC				2.9624		3.294		2.4971		2.9963		3.0447																																												2.1483		3.2417		3.0621

						ABD				3.0728		3.4939								ABCD				3.0312		3.3544		2.484		3.0469		3.0519																																												2.0356		3.2439		3.3667

						AC				2.9194		3.2861								ABD				3.0309		3.3657		2.4746		3.113		3.1362																																												2.0533		3.3089		3.4579

						ACD				2.955		3.3506								AC				2.8887		3.2186		2.4407		3.0543		3.1455																																												2.135		3.1772		3.406

						AD				2.9717		3.4261								ACD				2.948		3.2516		2.4606		3.0843		3.173																																												1.9767		3.1422		3.1996

						BC				3.03		3.3683								AD				2.985		3.2878		2.4471		3.0476		3.0901																																												1.9883		3.1883		3.2064

						BCD				3.0822		3.415								BC				3.0124		3.2787		2.497		2.9931		3.0558																																												2.0022		3.22		3.4375

						BD				3.0161		3.5028								BCD				3.0537		3.2924		2.4729		3.0619		3.1636																																												1.9856		3.1083		3.3685

						CD				3.0394		3.255								BD				3.0647		3.373		2.464		2.9916		3.0765																																												1.9239		3.0911		3.3826

						FanfareB				3.0461		3.4811								CD				3.0093		3.1918		2.389		3.0212		3.1506																																												2.0856		3.3228		3.3887

						PastoralC				2.9106		3.0878								FanfareB				3.106		3.4377		2.5068		3.1327		3.0054																																												1.9661		3.1933		3.4623

						PipkinD				2.76		3.2611								PastoralC				2.8699		3.0502		2.3749		2.9851		3.2331																																												1.6556		3.0306		3.2334

						SumoA				2.9483		3.4628								PipkinD				2.8163		3.0858		2.208		2.9994		3.1289																																												2.1378		3.3428		3.3179

																				SumoA				2.8562		3.3023		2.4923		3.1972		3.1391

				conven		AB				3.1422		3.3972																																																																2.505		3.3172		3.3938

						ABC				3.0594		3.335																																																																2.4544		3.1228		3.5601

						ABCD				3.1133		3.3311																																																																2.44		3.235		3.5889

						ABD				3.1078		3.3706																																																																2.4817		3.2321		3.4987

						AC				3.0172		3.1967																																																																2.3511		3.2672		3.6292

						ACD				3.0644		3.2478																																																																2.37		3.2467		3.6454

						AD				3.0967		3.3544																																																																2.3989		3.3383		3.5178

						BC				3.0872		3.2278																																																																2.4333		3.2561		3.5031

						BCD				3.1344		3.1617																																																																2.5006		3.2228		3.4773

						BD				3.1589		3.4517																																																																2.3489		3.1072		3.3668

						CD				3.1211		3.2389																																																																2.3711		3.2872		3.439

						FanfareB				3.2117		3.44																																																																2.4072		3.2567		3.5518

						PastoralC				2.9861		3.0728																																																																2.3894		3.1406		3.6071

						PipkinD				2.8661		3.185																																																																2.1806		3.1867		3.6354

						SumoA				2.9639		3.34																																																																2.3039		3.4283		3.464

				Deep		AB				3.1633		3.5628																																																																2.4417		3.2572		3.4295

						ABC				3.0856		3.3428																																																																2.4489		3.0678		3.1247

						ABCD				3.1544		3.4861																																																																2.3528		3.11		3.4816

						ABD				3.1728		3.5417																																																																2.3817		3.2517		3.258

						AC				3.0367		3.3361																																																																2.3583		3.1372		3.6011

						ACD				3.115		3.3478																																																																2.2506		3.2394		3.3362

						AD				3.1467		3.4144																																																																2.4367		3.1189		3.364

						BC				3.1561		3.3694																																																																2.365		2.9689		3.5591

						BCD				3.1872		3.4578																																																																2.4094		3.2839		3.28

						BD				3.2161		3.45																																																																2.43		3.1606		3.3488

						CD				3.0856		3.3056																																																																2.23		3.1094		3.3052

						FanfareB				3.3261		3.5122																																																																2.4028		3.3256		3.3508

						PastoralC				2.9261		3.0761																																																																2.1422		3.0267		3.3832

						PipkinD				2.89		3.2356																																																																2.0261		3.0356		3.3772

						SumoA				3.1022		3.4733																																																																2.555		3.3378		3.3922

				minimum		AB				2.8783		3.3244																																																																2.9239		2.9372		2.7731

						ABC				2.8439		3.2656																																																																2.7833		2.9856		2.8517

						ABCD				2.9867		3.3583																																																																2.7494		3.0061		2.742

						ABD				2.9506		3.2672																																																																2.8328		3.0817		3.024

						AC				2.7619		3.225																																																																2.7417		2.8906		2.5606

						ACD				2.7861		3.265																																																																2.88		3.0294		2.9583

						AD				2.8183		3.1494																																																																2.735		2.97		2.933

						BC				2.9289		3.3389																																																																2.8911		3.04		2.5337

						BCD				2.935		3.2961																																																																2.8189		2.9228		3.1078

						BD				2.9822		3.2033																																																																2.755		2.9506		2.893

						CD				2.8894		3.0822																																																																2.7989		3.0228		2.9214

						FanfareB				2.9328		3.3794																																																																2.8628		3.0994		2.8021

						PastoralC				2.9106		3.1294																																																																2.7517		3.0383		3.3356

						PipkinD				2.7694		2.8778																																																																2.7128		3.0506		2.8182

						SumoA				2.6667		3.1956																																																																2.8139		3.0717		2.9522

				zero		AB				2.8644		3.185																																																																2.6622		2.5961		2.3257

						ABC				2.8522		3.1722																																																																2.7339		2.5733		2.4922

						ABCD				2.8178		3.1917																																																																2.7294		2.6417		2.3848

						ABD				2.8506		3.155																																																																2.6411		2.7556		2.5334

						AC				2.7083		3.0489																																																																2.6989		2.6678		2.4785

						ACD				2.8194		3.0467																																																																2.6672		2.7289		2.5189

						AD				2.8917		3.0944																																																																2.6883		2.6683		2.4362

						BC				2.86		3.0889																																																																2.8072		2.5122		2.4766

						BCD				2.9294		3.1317																																																																2.6333		2.66		2.5152

						BD				2.95		3.2572																																																																2.8006		2.6311		2.4052

						CD				2.9111		3.0772																																																																2.6211		2.5956		2.7049

						FanfareB				3.0133		3.3756																																																																2.7756		2.6589		1.9334

						PastoralC				2.6161		2.885																																																																2.625		2.5267		2.3775

						PipkinD				2.7961		2.8694																																																																2.465		2.6939		2.5801

						SumoA				2.6		3.04																																																																2.6511		2.8056		2.5693
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Sheet3

		

						treat		year		2004		2005		2006		2007		2008

						compact				2.9796		3.3778		2.0215		3.2021		3.3158

						conven				3.0754		3.29		2.3957		3.243		3.5252

						Deep				3.1176		3.3941		2.3487		3.162		3.3728

						minimum				2.8694		3.2239		2.8034		3.0064		2.8804

						zero				2.832		3.1079		2.68		2.6477		2.4488

						FanfareB				3.106		3.4377		2.5068		3.1327		3.0054

						PastoralC				2.8699		3.0502		2.3749		2.9851		3.2331

						PipkinD				2.8163		3.0858		2.208		2.9994		3.1289

						SumoA				2.8562		3.3023		2.4923		3.1972		3.1391

						ABCD				3.0312		3.3544		2.484		3.0469		3.0519

						treat		cvar		ABCD		SumoA		FanfareB		PastoralC		PipkinD				treat		cvar		ABCD		SumoA		FanfareB		PastoralC		PipkinD

						compact				2.9882		3.0419		3.0648		2.924		2.7881				compact				-0.1837191435		1.4832657201		0.8927866003		0.7358818179		-2.092917091

						conven				3.1417		3.1		3.1735		3.0392		3.0108				conven				4.9437151351		3.4215864204		4.4711753707		4.7046826337		5.7274291534

						Deep				3.117		3.1721		3.1835		2.9109		2.9129				Deep				4.1186491632		5.8269723497		4.8003739696		0.2845685307		2.289567019

						minimum				2.9685		2.94		3.0153		3.0331		2.8458				minimum				-0.8417677122		-1.916301911		-0.7367464644		4.4945291183		-0.0667205113

						zero				2.7531		2.7332		2.7513		2.606		2.6809				zero				-8.0368774426		-8.8155225793		-9.4275894762		-10.2196621007		-5.8573585701

						mean				2.9937		2.99744		3.03768		2.90264		2.8477				mean				2.9937		2.99744		3.03768		2.90264		2.8477

				treat		nit		cvar		year		2004		2005		2006		2007		2008				2005		2008

				Comp		N1		ABCD				2.5156		3.0911		1.7578		2.7722		2.6271

								FanfareB				2.5167		3.2389		1.8111		2.9567		3.0356				3.2389		3.0356

								PastoralC				2.4178		2.7789		1.75		2.8456		3.1207				2.7789		3.1207

								PipkinD				2.2933		2.9867		1.2956		2.5856		2.8471				2.9867		2.8471

								SumoA				2.3644		3.1		1.8256		2.9378		2.9021				3.1		2.9021

								ABCD				3.6522		3.7189		2.5389		3.7111		3.497

						N2		FanfareB				3.5756		3.7233		2.36		3.6889		3.7418				3.7233		3.7418

								PastoralC				3.4033		3.3967		2.1822		3.5411		3.8039				3.3967		3.8039

								PipkinD				3.2267		3.5356		2.0156		3.4756		3.6197				3.5356		3.6197

								SumoA				3.5322		3.8256		2.45		3.7478		3.7337				3.8256		3.7337

				Conv		N1		ABCD				2.6111		2.89		2.0089		2.8044		3.1374

								FanfareB				2.6378		3.1022		1.9489		2.8378		3.1044				3.1022		3.1044

								PastoralC				2.4756		2.7722		2.1456		2.72		3.2378				2.7722		3.2378

								PipkinD				2.4167		2.8489		1.7811		2.7656		3.2335				2.8489		3.2335

								SumoA				2.3422		3.1022		1.9278		3.1044		3.074				3.1022		3.074

						N2		ABCD				3.6156		3.7722		2.8711		3.6656		4.0403

								FanfareB				3.7856		3.7778		2.8656		3.6756		3.9992				3.7778		3.9992

								PastoralC				3.4967		3.3733		2.6333		3.5611		3.9763				3.3733		3.9763

								PipkinD				3.3156		3.5211		2.58		3.6078		4.0373				3.5211		4.0373

								SumoA				3.5856		3.5778		2.68		3.7522		3.854				3.5778		3.854

				Deep		N1		ABCD				2.6267		3.1622		1.9511		2.6756		3.0596

								FanfareB				2.6789		3.1944		1.9889		2.9422		2.9104				3.1944		2.9104

								PastoralC				2.4222		2.7111		1.6478		2.5856		2.9322				2.7111		2.9322

								PipkinD				2.3833		2.9467		1.71		2.6144		2.994				2.9467		2.994

								SumoA				2.4644		3.0478		2.1967		2.8189		2.9073				3.0478		2.9073

						N2		ABCD				3.6822		3.81		2.7544		3.5444		3.9037

								FanfareB				3.9733		3.83		2.8167		3.7089		3.7912				3.83		3.7912

								PastoralC				3.43		3.4411		2.6367		3.4678		3.8342				3.4411		3.8342

								PipkinD				3.3967		3.5244		2.3422		3.4567		3.7603				3.5244		3.7603

								SumoA				3.74		3.8989		2.9133		3.8567		3.8772				3.8989		3.8772

				Min		N1		ABCD				2.3267		2.9056		2.3211		2.57		2.2489

								FanfareB				2.2678		3.1		2.4733		2.6411		2.3552				3.1		2.3552

								PastoralC				2.3189		2.6767		2.2922		2.5644		2.8414				2.6767		2.8414

								PipkinD				2.2511		2.69		2.4344		2.6189		2.4651				2.69		2.4651

								SumoA				2.1633		2.8544		2.4978		2.6922		2.5679				2.8544		2.5679

						N2		ABCD				3.6467		3.8111		3.1778		3.4422		3.235

								FanfareB				3.5978		3.6589		3.2522		3.5578		3.2491				3.6589		3.2491

								PastoralC				3.5022		3.5822		3.2111		3.5122		3.8298				3.5822		3.8298

								PipkinD				3.2878		3.0656		2.9911		3.4822		3.1713				3.0656		3.1713

								SumoA				3.17		3.5367		3.13		3.4511		3.3364				3.5367		3.3364

				Zero		N1		ABCD				2.15		2.9367		2.35		2.4044		2.0016

								FanfareB				2.3278		3.0789		2.3089		2.5356		1.5428				3.0789		1.5428

								PastoralC				2.0333		2.6878		2.19		2.2511		2.0065				2.6878		2.0065

								PipkinD				2.26		2.6022		2.0778		2.3489		2.1976				2.6022		2.1976

								SumoA				2.06		2.8167		2.3556		2.4067		2.2062				2.8167		2.2062

						N2		ABCD				3.4856		3.4467		3.1089		2.8789		2.768

								FanfareB				3.6989		3.6722		3.2422		2.7822		2.324				3.6722		2.324

								PastoralC				3.1989		3.0822		3.06		2.8022		2.7484				3.0822		2.7484

								PipkinD				3.3322		3.1367		2.8522		3.0389		2.9627				3.1367		2.9627

								SumoA				3.14		3.2633		2.9467		3.2044		2.9324				3.2633		2.9324
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Mixtures advantage: 2005 +13%*** ns
2006 +17%*** ns
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Patchy arrangements in the field

Disease
Mixtures advantage: 2005 -34%*** ns

2007 -58%*** ns
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Optic-Westminster Concerto-Quench Optic-Waggon

Small proportions of a resistant variety have 
disproportionately large effect on disease reduction 

(barley data)



Impact of cultivars 
and mixtures on a 
rare weed species

Average number of Valerianella 
rimosa individuals for the 
different combinations of barley 
variety cultivar (including 
unsown controls and mixtures as 
cultivars) at 120 seed m-2.



Conclusions

• Variety mixtures are an important agronomic method that can contribute to 
Integrated Pest Management

• Mixtures contribute to stability and increased resource use efficiency
• Mixtures to 76% disease reduction and 17% increase in yield (winter barley 

data)
• The greater the number of components the more disease is reduced
• The spatial arrangement, patch size and distribution can affect their efficacy
• Resistance components can contribute disproportionately, a 10% proportion 

of a resistant component accounting for up to 50% disease reduction
• Mixtures can help maintain functional diversity amongst weeds
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