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Objectives:
• To determine:

– whether green manure crops are effective at 
reducing soil-borne potato pests and diseases;

– which green manure crop is most effective at 
reducing specific potato pests and diseases;

– the impact of using green manure crops on yield 
and quality in subsequent potato crops, and   

– to provide economically viable alternatives to soil 
fumigation. 



Approach Taken:

• Located in commercial potato fields in southern 
Alberta

• Intention was to utilize “experienced” potato land, 
where Verticillium had been observed or was 
expected

• Planted after spring rush and grew until just before 
main harvest

• Evaluated the potato crop in the following year



Treatments:
• Check - wheat 
• Sorghum Sudan grass 
• Canadian Forage Pearl Millet 101
• Hairy Vetch (2006); Oat-Pea-Vetch (2008 & 2009)
• Oilseed radish (2006, one field only)
• Oriental Mustard (2006; one field only)
• Annual Ryegrass
• Phacelia
• Teff (2009 only)
• Control – surrounding crop 



Planting Green Manure Crops



Plots in Commercial Field



Wheat



Sorghum Sudan Grass



CFPM 101



Oat – Pea - Vetch



Oilseed Radish



Oriental Mustard



Phacelia



Annual Ryegrass



Teff
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2006 - Field 1
2006 Field 2
2007 - Field 1
2007 - Field 2


FW

		Wheat		1143		2875

		CFPM 101		5210		2595		708

		Sudangrass		3380		2445		944

		Vetch		1168

		OPV				2885		1455

		Ryegrass				3270		517

		Oilseed Radish		3828

		Oriental Mustard		2010

		Phacelia						1827



2006 - Field 1

2006 - Field 2

2007 - Field 1

2007 - Field 2

Fresh Biomass (g)

1317

6925

6865

3780

2770

5435



DW

		Wheat		175		575

		CFPM 101		711		566		280

		Sudangrass		524		514		342

		Vetch		417

		OPV				542		340

		Ryegrass				583		105

		Oilseed Radish		626

		Oriental Mustard		481

		Phacelia						308



2006 - Field 1

2006 Field 2

2007 - Field 1

2007 - Field 2

Dry biomass (g)

479

1094

1405

541

393

766
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						2006		Oudman		2006		Miyanaga		2007		Torsius		2007		Klassen

						FW		DW		FW		DW		FW		DW		FW		DW

				Wheat		1317		479		1143		175		2875		575

				CFPM 101		6925		1094		5210		711		2595		566		708		280

				Sudangrass		6865		1405		3380		524		2445		514		944		342

				Vetch		3780		541		1168		417

				OPV										2885		542		1455		340

				Ryegrass		2770		393						3270		583		517		105

				Oilseed Radish						3828		626

				Oriental Mustard						2010		481

				Phacelia		5435		766										1827		308
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Verticillium

• Typical levels in “experienced” fields in the 
range of 10 cfu/g soil

• Verticillium in soil decreased after most green 
manure crops

• Disease incidence not always affected, but 
reduced in some cases

• Other species implicated in early dying



Root Lesion Nematodes
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YPMA fld1

		counted Dec 2008

								Pratylenchus counts

		plot		rep		trt		/60ml soil						millet		opv		ryegrass		sudan		teff		wheat						millet		opv		ryegrass		sudan		teff		wheat

		1006		1		millet		302				1		302		534		240		170		41		90				1		2.4814426285		2.728353782		2.3820170426		2.2329961104		1.6232492904		1.9590413923

		2001		2		millet		22				2		22		60		31		49		20		19				2		1.361727836		1.785329835		1.5051499783		1.6989700043		1.3222192947		1.3010299957

		3001		3		millet		49				3		49		2		86		40		60		30				3		1.6989700043		0.4771212547		1.9395192526		1.6127838567		1.785329835		1.4913616938

		4002		4		millet		45				4		45		17		33		15		0		96				4		1.6627578317		1.2552725051		1.531478917		1.2041199827		0		1.9867717343

		1005		1		opv		534

		2002		2		opv		60				Anova: Two-Factor Without Replication																Anova: Two-Factor Without Replication

		3004		3		opv		2

		4003		4		opv		17				SUMMARY		Count		Sum		Average		Variance								SUMMARY		Count		Sum		Average		Variance

		1004		1		ryegrass		240				1		6		1377		229.5		31323.9								1		6		13.4071002462		2.2345167077		0.1552281264

		2003		2		ryegrass		31				2		6		201		33.5		294.7								2		6		8.9744269441		1.495737824		0.0422467872

		3006		3		ryegrass		86				3		6		267		44.5		803.9								3		6		9.0050858972		1.5008476495		0.2746501572

		4001		4		ryegrass		33				4		6		206		34.3333333333		1154.2666666667								4		6		7.6404009707		1.2734001618		0.4707558733

		1003		1		sudan		170

		2006		2		sudan		49				millet		4		418		104.5		17477.6666666667								millet		4		7.2048983005		1.8012245751		0.22849434

		3005		3		sudan		40				opv		4		613		153.25		65035.5833333333								opv		4		6.2460773769		1.5615193442		0.8937666947

		4005		4		sudan		15				ryegrass		4		390		97.5		9673.6666666667								ryegrass		4		7.3581651906		1.8395412976		0.1703318367

		1001		1		teff		41				sudan		4		274		68.5		4785.6666666667								sudan		4		6.7488699541		1.6872174885		0.1789786638

		2004		2		teff		20				teff		4		121		30.25		673.5833333333								teff		4		4.7307984201		1.182699605		0.6584971063

		3002		3		teff		60				wheat		4		235		58.75		1590.25								wheat		4		6.7382048161		1.684551204		0.1170309388

		4004		4		teff		0

		1002		1		wheat		90

		2005		2		wheat		19				ANOVA																ANOVA

		3003		3		wheat		30				Source of Variation		SS		df		MS		F		P-value		F crit				Source of Variation		SS		df		MS		F		P-value		F crit

		4006		4		wheat		96				Rows		166434.125		3		55478.0416666666		6.3391341277		0.0054501224		3.2873828104				Rows		3.1635030701		3		1.0545010234		4.4210225528		0.0203986774		3.2873828104

												Columns		36608.7083333333		5		7321.7416666667		0.8366103251		0.5439586676		2.9012952041				Columns		1.1366090498		5		0.22732181		0.9530525113		0.4761734843		2.9012952041

												Error		131275.125		15		8751.675										Error		3.5777956709		15		0.2385197114

												Total		334317.958333333		23												Total		7.8779077908		23





YPMA fld2

		counted Dec 2008

								Pratylenchus counts

		plot		rep		trt		/60ml soil						millet		opv		ryegrass		sudan		teff		wheat						millet		opv		ryegrass		sudan		teff		wheat

		1006		1		millet		560				1		560		734		1084		596		228		300				1		2.748188027		2.8656960599		3.0350292822		2.7752462597		2.357934847		2.4771212547

		2001		2		millet		44				2		44		49		80		48		47		73				2		1.6434526765		1.69019608		1.903089987		1.6812412374		1.6720978579		1.8633228601

		3001		3		millet		39				3		39		38		179		44		54		84				3		1.591064607		1.5797835966		2.252853031		1.6434526765		1.7323937598		1.9242792861

		4002		4		millet		46				4		46		46		98		27		23		42				4		1.6627578317		1.6627578317		1.9912260757		1.4313637642		1.361727836		1.6232492904

		1005		1		opv		734

		2002		2		opv		49				Anova: Two-Factor Without Replication																Anova: Two-Factor Without Replication

		3004		3		opv		38

		4003		4		opv		46				SUMMARY		Count		Sum		Average		Variance								SUMMARY		Count		Sum		Average		Variance

		1004		1		ryegrass		1084				1		6		3502		583.6666666667		96122.2666666666								1		6		16.2592157306		2.7098692884		0.0627565953

		2003		2		ryegrass		80				2		6		341		56.8333333333		239.7666666667								2		6		10.4534006989		1.7422334498		0.0123284102

		3006		3		ryegrass		179				3		6		438		73		2988								3		6		10.723826957		1.7873044928		0.0681562168

		4001		4		ryegrass		98				4		6		282		47		720.8								4		6		9.7330826296		1.6221804383		0.0487470872

		1003		1		sudan		596

		2006		2		sudan		48				millet		4		689		172.25		66830.9166666667								millet		4		7.6454631422		1.9113657856		0.3121492192		b

		3005		3		sudan		44				opv		4		867		216.75		118931.583333333								opv		4		7.7984335682		1.9496083921		0.3751883287		b

		4005		4		sudan		27				ryegrass		4		1441		360.25		234660.25								ryegrass		4		9.1821983759		2.295549594		0.2650968509		a

		1001		1		teff		228				sudan		4		715		178.75		77459.5833333333								sudan		4		7.5313039378		1.8828259844		0.366056025		b

		2004		2		teff		47				teff		4		352		88		8887.3333333333								teff		4		7.1241543008		1.7810385752		0.1742884008		b

		3002		3		teff		54				wheat		4		499		124.75		13966.25								wheat		4		7.8879726913		1.9719931728		0.1302875088		b

		4004		4		teff		23

		1002		1		wheat		300

		2005		2		wheat		73				ANOVA																ANOVA

		3003		3		wheat		84				Source of Variation		SS		df		MS		F		P-value		F crit				Source of Variation		SS		df		MS		F		P-value		F crit

		4006		4		wheat		42				Rows		1241068.45833333		3		413689.486111111		19.3228996037		0.0000206274		3.2873828104				Rows		4.5213330463		3		1.5071110154		64.9867139549		0.000000008		3.2873828104

												Columns		179214.875		5		35842.975		1.6741788967		0.2014090861		2.9012952041				Columns		0.6120755939		5		0.1224151188		5.2785469861		0.0053974489		2.9012952041

												Error		321139.291666667		15		21409.2861111111										Error		0.3478659538		15		0.0231910636

												Total		1741422.625		23												Total		5.481274594		23

																												LSD =		0.2294715162





combined

		site		plot		rep		trt		/60ml soil

		fld2		1006		1		millet		560

		fld2		2001		2		millet		44

		fld2		3001		3		millet		39

		fld2		4002		4		millet		46

		fld2		1005		1		opv		734

		fld2		2002		2		opv		49

		fld2		3004		3		opv		38

		fld2		4003		4		opv		46

		fld2		1004		1		ryegrass		1084

		fld2		2003		2		ryegrass		80

		fld2		3006		3		ryegrass		179

		fld2		4001		4		ryegrass		98

		fld2		1003		1		sudan		596

		fld2		2006		2		sudan		48

		fld2		3005		3		sudan		44

		fld2		4005		4		sudan		27

		fld2		1001		1		teff		228

		fld2		2004		2		teff		47

		fld2		3002		3		teff		54

		fld2		4004		4		teff		23

		fld2		1002		1		wheat		300

		fld2		2005		2		wheat		73

		fld2		3003		3		wheat		84

		fld2		4006		4		wheat		42

		fld1		1006		1		millet		302

		fld1		2001		2		millet		22

		fld1		3001		3		millet		49

		fld1		4002		4		millet		45

		fld1		1005		1		opv		534

		fld1		2002		2		opv		60

		fld1		3004		3		opv		2

		fld1		4003		4		opv		17

		fld1		1004		1		ryegrass		240

		fld1		2003		2		ryegrass		31

		fld1		3006		3		ryegrass		86

		fld1		4001		4		ryegrass		33

		fld1		1003		1		sudan		170

		fld1		2006		2		sudan		49

		fld1		3005		3		sudan		40

		fld1		4005		4		sudan		15

		fld1		1001		1		teff		41

		fld1		2004		2		teff		20

		fld1		3002		3		teff		60

		fld1		4004		4		teff		0

		fld1		1002		1		wheat		90

		fld1		2005		2		wheat		19

		fld1		3003		3		wheat		30

		fld1		4006		4		wheat		96





CDCS

		counted Dec 2008

								Pratylenchus counts

		plot		rep		trt		/60ml soil						millet		nshade		opv		ryegrass		sudan		wheat

		1006		1		millet		0				1		0		12		0		3		0		0

		2001		2		millet		4				2		4		0		0		1		0		0

		3001		3		millet		0				3		0		0		0		0		0		0

		4002		4		millet		4				4		4		0		4		2		0		0

		1001		1		nshade		12

		2004		2		nshade		0				Anova: Two-Factor Without Replication

		3002		3		nshade		0

		4004		4		nshade		0				SUMMARY		Count		Sum		Average		Variance

		1005		1		opv		0				1		6		15		2.5		23.1

		2002		2		opv		0				2		6		5		0.8333333333		2.5666666667

		3004		3		opv		0				3		6		0		0		0

		4003		4		opv		4				4		6		10		1.6666666667		3.8666666667

		1004		1		ryegrass		3

		2003		2		ryegrass		1				millet		4		8		2		5.3333333333

		3006		3		ryegrass		0				nshade		4		12		3		36

		4001		4		ryegrass		2				opv		4		4		1		4

		1003		1		sudan		0				ryegrass		4		6		1.5		1.6666666667

		2006		2		sudan		0				sudan		4		0		0		0

		3005		3		sudan		0				wheat		4		0		0		0

		4005		4		sudan		0

		1002		1		wheat		0

		2005		2		wheat		0				ANOVA

		3003		3		wheat		0				Source of Variation		SS		df		MS		F		P-value		F crit

		4006		4		wheat		0				Rows		20.8333333333		3		6.9444444444		0.866851595		0.4798382661		3.2873828104

												Columns		27.5		5		5.5		0.6865464632		0.6410036251		2.9012952041

												Error		120.1666666667		15		8.0111111111

												Total		168.5		23







RLN Control

• In a combined analysis, teff supported significantly lower 
Pratylenchus population densities than ryegrass, millet 
and wheat; population densities under sudangrass and 
oat-pea-vetch were intermediate in value and not 
significantly different from either teff or ryegrass.  

• These results are somewhat consistent with the 2008 
cover crop results from the YPMA fields in that the oat-
pea-vetch plots had low nematode population densities 
(teff was not evaluated in 2007).



Unexpected Findings
• Agronomics and pest control in green manure crops is critical 

to successfully using them in potato production systems.
• Verticillium dahliae may not be the primary cause of Early 

Dying in southern Alberta potato fields. 
• Verticillium dahliae was not very prevalent in soil samples.
• The eggplant bioassays indicated a much higher prevalence of 

Colletotrichum coccoides than Verticillium dahliae in soils 
collected from experienced fields.  

• Teff may require additional evaluation in southern Alberta for 
its impact on root lesion nematode population levels.



Conclusions

• Several green manure crops can be grown in 
southern Alberta, but more work is required on 
insect and pest control.

• Soil health is more complex than simply reducing 
inoculum of one pest.

• Rotation crops may be a better fit for southern 
Alberta than green manures per se.
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