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	Annual Report


	1. Industry challenges the project is addressing 
(300 words max)

Nematodes in the family Trichodoridae (Trichodorus and Paratrichodorus spp.) commonly known as stubby root nematodes (SRN), are known to cause damage to economically important crops by either feeding directly on the roots or indirectly through transmission of viruses belonging to the tobravirus group. In sugar beet Longidorus spp., Trichodorus and Paratrichodorus spp. attack young sugar beet seedlings causing a condition known as docking disorder, which leads to foliage appearing to be deficient in nitrogen or magnesium. In fields where the symptoms persist, roots yield 17.5 t /ha less and are more fangy than those from unaffected fields. A yield loss of up to 50 % has been recorded as a result of the fangy root symptoms. For many years, management strategies to minimise sugar beet yield losses caused by nematodes has been prophylactic use of pesticides i.e., use of soil fumigants. Vydate (Oxymyl), which has been the nematicide applied by the sugar beet growers in the recent past, was banned in UK in December 2020, leaving growers with no chemistry for the management of SRN. As the pressure to develop other active ingredients seems hard to execute., other cultural and crop management strategies need to be evaluated for recommendations to sugar beet growers. Cover crops such as brassicas have been successfully used in management of plant parasitic nematodes as they contain a class of thioglucoside secondary metabolites known as glucosinolates (GSLs) that are known to protect them from attack by pathogens. When brassica plants are macerated and incorporated into the soil in the process of biofumigation, the glucosinolates are involved in an enzymatic reaction producing bioactive compounds called isothiocyanates (ITCs), which have been shown in other studies to have nematicidal effects. This study also investigates the potential of cover crops from other families in suppression of SRN. 



	

	2. Key objectives of the project	
The objective of the current study was to
I. Evaluate the efficacy of different cover crop species from diverse plant families in the suppression of stubby root nematodes under field conditions in Docking, Norfolk. Nematode densities were assessed before cover crop drilling (Pi), four weeks after planting (4WAP), before incorporation of cover crop residues (Bi) and six weeks post incorporation (Pf). 
II. Evaluate the sensitivity of stubby root nematodes to commercially available isothiocyanates associated with Brassica cover crops under laboratory conditions. An in vitro experiment was carried out using three pure commercially available ITCs i.e., Allyl (AITC), 2-phenylethyl (PEITC) and sulforaphane (SITC). The effect of ITC concentration i.e., 25, 50 and 100ppm and exposure time i.e., 24, 48 and 72hours on nematode mobility and mortality was evaluated. 
III. Assess the effect of plant extracts obtained from phacelia, opium poppy and endophyte grass on SRN mobility and mortality


	

	3. Results summary (including relevant tables, graphs & photos)	

i) Field experiment at Docking 
The cover crops drilled in the field experiment are shown in Table 1. Results from the field experiment showed that different cover crops had different abilities to multiply nematodes during the growth cycle. Some cover crops such as opium poppy, phacelia, oilseed radish and endophyte grass had significantly lower reproduction factor compared to Indian mustard and Nil-endophyte grass which highly multiplied the nematodes (Fig.1). A sharp decrease in nematode densities was recorded as soon as the cover crop residues were incorporated into the soil except for the susceptible control Italian ryegrass and fallow control (Fig.2)
	Species name 
	Common name 
	Variety 
	Seed rate 

	Festulolium loliaceum +U2 endophyte
	Barrier festulolium 
	Green Solutions
	25 kg/ha

	Brassica juncea
	Brown mustard 
	Brons
	10 kg/ha

	Papaver somniferum 
	Opium poppy  
	Marianne 
	1.5 kg/ha

	Raphanus sativus oleiferus 
	Oilseed radish
	Terranova
	20 kg/ha 

	Phacelia tanacetifolia 
Lolium multiflorium 
Festulolium loliaceum -U2 endophyte
	Phacelia
Italian ryegrass 
Barrier festulolium
	Factotum 
Syntilla 

	8  kg/ha 
25 kg/ha
25 kg/ha

	Fallow 
	Control 
	---------
	----------

	Sterile fallow 
	Control 
	---------
	----------



Table1: Cover crop treatments used in field experiment at Docking, Norfolk





































Fig 1: Average reproduction factor of different cover crops before incorporation, calculated as densities before incorporation (BI) / initial densities (PI), Vertical bars show the standard error of the mean 
Fig 2: Trend in Average densities (±SE) of SRN in 200ml soil, at different sampling points, before planting (PI), 4 weeks after cover crop drilling (4W AP), before incorporation (BI) and final density (PF). Vertical bars show the standard error of the mean (n = 4). 

[image: ]



A
B
C




















Fig.3: Field operations during field experiment at Docking, Norfolk: Flailing (A), incorporation of cover crop material into the soil (B) and rolling to seal the soil incorporated with brassica material using a roller (C). Nematode densities were assessed (1) before cover crop planting (Pi), (2) Four weeks after planting (4W AP), (3) before cover crop residue incorporation (Bi) and (4) 6 weeks post incorporation (Pf). Photographs by A. Wright

ii) In-vitro experiment with ITCs associated with brassica cover crops: 

Results from this study showed that stubby root nematodes (SRN), are sensitive to isothiocyanates (ITCs). Allyl and sulforaphane were the most toxic ITC, causing 98% and 93% mortality respectively at the lowest dose of 25 ppm (Fig.4). A dose response was recorded for PEITC where significantly higher mortality of 98% (p<0.05) was recorded at 100 ppm compared to 5% and 30% mortality at 25 ppm and 50 ppm respectively. Nematode immobility was highest after 24h exposure time across all doses for allyl and sulforaphane except for 2-phenylethyl where nematode immobility was highest after 48h and 72h exposure time (Fig.5). These results indicate the potential use of brassica associated with the tested ITC in the process of biofumigation for SRN suppression. 
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Fig 4: Mean mortality (%) of SRN (Trichodorus and Paratrichodorus spp.) following exposure to allyl (AITC), 2-phenylethyl (PEITC) and Sulforaphane (SITC) for 72 h and recovery in water for 48 h. Error bars represent the standard error. Significant differences (P<0.05) compared to the control are indicated by differences in compact letter display
[image: ]
Fig 5: Mean percentage immobility of SRN (Trichodorus and Paratrichodorus spp.) at different exposure times of 24h,48h and 72h. Error bars represent the standard error.



iii) Invitro experiment with plant extracts 
Results obtained from plant extracts from Phacelia, opium poppy, Barrier festulolium endophyte grass and Nil-barrier festulolium showed that the extracts crops had a nematostatic effect where SRN were immobile when exposed to the extracts as compared in the water control. SRN immobility was highest after 24h exposure period for all the plant extracts tested except for phacelia where the highest immobility was after 48h. (Fig.6). The nematodes recovered after 48h incubation in distilled water, hence confirming that their effect was nematostatic in this experiment. Only one concentration of the extract was used in this study, hence a wide range of concentrations need to be tested to confirm this effect. 
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Fig.6 Mean percentage immobility of SRN (Trichodorus and Paratrichodorus spp.) at different exposure times of 24 and 48h. Error bars represent the standard error.








	

	4. Key grower findings to date (messages summarised)
The field experiment provides information on how stubby root nematodes (SRN) reproduce on different cover crops. Cover crops like Indian mustard appeared to increase stubby root nematode populations, but we observed a post incorporation effect where SRN decreased when the residues were incorporated into the soil. In this experiment, we were unable to achieve the recommended brassica biomass of 50t/ha fresh weight for successful biofumigation, where 20t/ha fresh weight was achieved for Indian mustard and 10t/ha for oilseed radish, hence this limited effective suppression of SRN. Lower SRN reproduction occurred in field plots where phacelia, opium poppy and endophyte grass were cultivated when compared with other cover crops indicating that they are poorer hosts for the nematodes. The laboratory experiment on isothiocyanates, helps support the post incorporation effect that we observed in the field; it confirms that SRN are indeed sensitive to the isothiocyanates that are produced when brassica residues are incorporated. The nematostatic effect recorded in the plant extracts experiment, validates the reduced reproduction of SRN observed in the field experiment. Results from these experiments show that cover crops can be successfully used in management of SRN, with more laboratory underpinning to investigate the different modes of action, effective concentrations of residues incorporated in the soil, so that these can be optimised under field conditions. 


	

	5. Knowledge exchange summary to date 
International congress of nematologists in Antibes, France- Poster presentation 
IIRB conference, Belgium – Poster submitted online 
Harper Adams University  research conference – Poster presentation

	

	6. Any issues identified that could affect delivery of the final project output



48h	0	3.634096060525589	15.590735650250748	5.7941235978497323	13.677988763029244	0	3.634096060525589	15.590735650250748	5.7941235978497323	13.677988763029244	DH20 	Opium Poppy 	Nil-endophyte 	Endophyte grass 	Phacelia 	0	7.7631578947368416	37.607758620689651	65.08196575731742	85.413043478260875	24h	DH20 	Opium Poppy 	Nil-endophyte 	Endophyte grass 	Phacelia 	0	88.740079365079367	72.408963585434165	100	79.730392156862749	72h	DH20 	Opium Poppy 	Nil-endophyte 	Endophyte grass 	Phacelia 	0	0	11.547619047619047	34.393814997263263	82.595693779904309	


24h	0	3.3062168650661343	5.8501945963039397	5.0744152676167769	10.840946072732317	0	3.3062168650661343	5.8501945963039397	5.0744152676167769	10.840946072732317	DH20 	Opium Poppy 	Nil-endophyte 	Endophyte grass 	Phacelia 	0	88.740079365079367	72.408963585434165	100	79.730392156862749	48h	0	3.634096060525589	15.590735650250748	5.7941235978497323	13.677988763029244	0	3.634096060525589	15.590735650250748	5.7941235978497323	13.677988763029244	DH20 	Opium Poppy 	Nil-endophyte 	Endophyte grass 	Phacelia 	0	7.7631578947368416	37.607758620689651	65.08196575731742	85.413043478260875	72h	0	2.675210261869426	2.1881169719861786	0	12.831421728568628	0	2.675210261869426	2.1881169719861786	0	12.831421728568628	DH20 	Opium Poppy 	Nil-endophyte 	Endophyte grass 	Phacelia 	0	0	11.547619047619047	34.393814997263263	82.595693779904309	
% immobility 



Reproduction factor 	0.96476704526343404	0.53865210953335085	0.91732114787121366	0.51275811753161427	0.14555554177965013	1.3952853997937835	1.5121039426353378	1.6382790767550366	1.9827493423690421	1.8694812005215027	0.96476704526343404	0.53865210953335085	0.91732114787121366	0.51275811753161427	0.14555554177965013	1.3952853997937835	1.5121039426353378	1.6382790767550366	1.9827493423690421	1.8694812005215027	Sterile fallow 	Opium poppy 	Phacelia 	Fallow Undisturbed 	Terranova 	Endophyte grass 	Italian ryegrass	Fallow disturbed 	Indian mustard 	Nil-endophyte grass 	2.09794464794465	2.4075977785655205	2.4149917542774682	2.5283119658119659	3.6820728291316525	3.8470230334637114	4.083333333333333	5.583333333333333	6.3276143790849675	7.4358197358197344	
Reproduction factor before incorporation 



Microsoft_Excel_Chart.xls
Chart1

		Sterile fallow		0.9647670453		0.9647670453

		Opium poppy		0.5386521095		0.5386521095

		Phacelia		0.9173211479		0.9173211479

		Fallow Undisturbed		0.5127581175		0.5127581175

		Terranova		0.1455555418		0.1455555418

		Endophyte grass		1.3952853998		1.3952853998

		Italian ryegrass		1.5121039426		1.5121039426

		Fallow disturbed		1.6382790768		1.6382790768

		Indian mustard		1.9827493424		1.9827493424

		Nil-endophyte grass		1.8694812005		1.8694812005



Reproduction factor

Reproduction factor before incorporation

2.0979446479

2.4075977786

2.4149917543

2.5283119658

3.6820728291

3.8470230335

4.0833333333

5.5833333333

6.3276143791

7.4358197358



Initial densities@Pi

						Trichodorus spp						Paratrichodorus spp

		Treatment		block		Males		Females		Juveniles		Males		Females		Juveniles		Tylenchorynchus		Pratylenchus		Longidorus		Total Trichodorids

		IR		1		2		10		3		0		1		0		36		8		3		16

		IM		1		7		18		24		0		2		0		74		12		9		51

		FD		1		2		4		2		0		0		0		22		2		1		8

		PH		1		0		6		13		0		1		2		45		7		6		22

		TER		1		3		4		9		0		2		0		28		7		4		18

		SF		1		8		9		13		0		6		0		31		2		7		36

		EG		1		2		4		16		1		3		0		60		4		7		26

		FUN		1		4		8		12		1		1		0		35		0		8		26

		NEG		1		0		5		8		0		0		0		20		1		1		13

		OP		1		1		6		16		0		2		1		30		7		6		26

		IR		2		0		0		13		1		2		0		35		6		2		16

		IM		2		0		5		7		2		1		1		20		5		1		16

		FD		2		1		1		17		0		1		0		25		8		1		20

		PH		2		1		14		33		1		0		0		34		7		1		49

		TER		2		0		10		19		3		2		0		33		0		2		34

		SF		2		5		12		43		1		4		0		35		12		1		65

		EG		2		6		10		37		0		3		3		68		7		1		59

		FUN		2		3		4		14		0		3		0		32		6		3		24

		NEG		2		0		3		26		0		1		0		5		4		0		30

		OP		2		5		8		28		0		0		1		25		7		1		42

		IR		3		1		3		22		0		0		0		6		2		1		26

		IM		3		0		0		3		0		1		0		3		2		0		4

		FD		3		0		3		2		0		0		0		18		3		0		5

		PH		3		1		6		17		0		0		0		12		2		1		24

		TER		3		5		7		22		0		1		0		10		2		1		35

		SF		3		0		3		11		0		0		0		17		6		3		14

		EG		3		1		1		11		0		1		1		5		8		0		15

		FUN		3		1		4		11		0		0		0		19		2		0		16

		NEG		3		1		5		15		0		1		0		23		0		0		22

		OP		3		0		9		19		0		3		0		16		2		0		31

		IR		4		0		3		15		1		1		1		18		4		0		21

		IM		4		0		0		4		2		3		1		15		1		0		10

		FD		4		0		2		13		0		0		2		17		5		1		17

		PH		4		1		1		23		1		1		0		39		2		0		27

		TER		4		0		1		13		0		0		0		7		0		0		14

		SF		4		0		2		5		0		0		1		5		0		0		8

		EG		4		0		1		11		0		0		0		12		4		0		12

		FUN		4		1		0		5		0		0		0		5		0		0		6

		NEG		4		0		2		8		0		0		0		10		3		0		10

		OP		4		3		3		16		0		1		0		25		4		0		23





Densities @4wks 

						Trichodorus spp						Paratrichodorus spp

		Treatment		block		Males		Females		Juveniles		Males		Females		Juveniles		Tylenchorynchus		Pratylenchus		Longidorus		Total Trichodorids

		IR		1		0		0		2		0		2		0		3		1		0		4

		IM		1		2		2		16		2		1		1		54		0		0		24

		FD		1		0		0		1		0		1		0		9		2		0		2

		PH		1		0		0		0		0		0		2		0		0		0		2

		TER		1		3		2		2		1		0		0		24		0		0		8

		SF		1		0		1		5		0		0		0		0		0		0		6

		EG		1		0		2		4		0		0		0		7		4		7		6

		FUN		1		1		4		12		1		2		0		13		1		0		20

		NEG		1		2		7		12		0		2		0		47		2		2		23

		OP		1		0		2		3		1		1		0		3		1		0		7

		IR		2		1		5		6		0		2		0		27		4		0		14

		IM		2		0		7		15		1		1		0		43		4		0		24

		FD		2		3		3		9		0		1		0		16		3		2		16

		PH		2		2		6		27		1		0		0		12		2		0		36

		TER		2		2		0		6		0		0		0		0		1		0		8

		SF		2		3		5		22		0		0		0		24		1		1		30

		EG		2		3		8		7		0		0		0		9		0		0		18

		FUN		2		1		5		12		0		0		0		2		0		0		18

		NEG		2		1		7		17		2		3		0		32		4		1		30

		OP		2		3		3		30		2		1		0		12		3		1		39

		IR		3		5		14		33		1		2		0		16		5		1		55

		IM		3		0		2		10		1		1		1		3		0		0		15

		FD		3		2		7		28		0		1		0		13		14		0		38

		PH		3		2		18		34		0		0		0		19		0		0		54

		TER		3		0		2		6		0		0		0		14		6		0		8

		SF		3		3		9		32		2		3		0		22		3		1		49

		EG		3		4		13		27		1		1		1		11		2		0		47

		FUN		3		2		3		12		0		0		0		10		0		0		17

		NEG		3		3		14		33		0		0		1		17		1		0		51

		OP		3		2		7		12		0		0		0		28		1		1		21

		IR		4		0		13		13		0		2		0		26		5		0		28

		IM		4		1		1		7		0		0		0		12		0		0		9

		FD		4		1		6		20		0		0		0		39		6		1		27

		PH		4		2		2		20		0		1		0		20		6		0		25

		TER		4		0		2		3		0		0		0		8		2		0		5

		SF		4		3		1		20		0		4		0		9		9		0		28

		EG		4		1		10		17		0		1		0		16		7		0		29

		FUN		4		0		5		12		0		1		0		3		5		0		18

		NEG		4		0		13		34		0		1		0		16		2		0		48

		OP		4		2		9		21		0		0		0		24		4		0		32





Pre-incorporation

						Trichodorus spp						Paratrichodorus spp

		Treatment		block		Males		Females		Juveniles		Males		Females		Juveniles		Tylenchorynchus		Pratylenchus		Longidorus		Total Trichodorids

		IR		1		0		10		15		0		2		1		6		0		0		28

		IM		1		27		43		56		3		4		0		22		0		0		133

		FD		1		1		10		7		0		0		0		11		2		4		18

		PH		1		5		7		7		0		1		0		1		0		0		20

		TER		1		14		23		33		0		1		1		17		0		0		72

		SF		1		3		5		12		0		3		0		0		2		0		23

		EG		1		11		33		29		0		1		0		16		0		0		74

		FUN		1		15		17		32		3		4		0		8		2		0		71

		NEG		1		39		42		66		0		4		1		17		2		0		152

		OP		1		12		9		15		1		1		2		4		3		0		40

		IR		2		24		47		47		0		2		0		13		2		0		120

		IM		2		16		22		43		6		6		1		28		5		2		94

		FD		2		23		20		67		0		4		0		0		0		0		114

		PH		2		16		29		45		0		2		0		2		3		0		92

		TER		2		20		47		51		1		4		0		5		1		1		123

		SF		2		15		30		40		1		3		0		4		4		0		89

		EG		2		18		28		47		3		4		0		2		1		0		100

		FUN		2		7		12		15		0		0		0		2		0		1		34

		NEG		2		30		52		92		3		1		0		14		2		1		178

		OP		2		21		30		28		2		6		0		8		1		1		87

		IR		3		25		29		21		1		2		0		7		1		0		78

		IM		3		20		10		12		0		0		0		1		2		1		42

		FD		3		7		14		23		0		0		0		3		0		0		44

		PH		3		25		26		54		1		1		0		9		2		0		107

		TER		3		19		36		56		3		6		0		17		1		0		120

		SF		3		6		13		35		0		5		1		4		4		1		60

		EG		3		18		21		47		3		8		8		2		0				105

		FUN		3		7		16		32		0		0		0		1		1		0		55

		NEG		3		32		36		29		2		3		1		4		0		0		103

		OP		3		29		39		40		2		2		0		4		2		1		112

		IR		4		14		25		16		2		1		0		3		0		0		58

		IM		4		21		38		37		0		5		1		6		5		2		102

		FD		4		4		10		15		3		0		0		0		0		0		32

		PH		4		11		13		30		0		1		0		1		1		0		55

		TER		4		19		19		32		6		2		0		0		0		0		78

		SF		4		1		6		17		1		0		0		0		3		0		25

		EG		4		15		26		20		5		6		0		1		3		0		72

		FUN		4		2		4		6		0		0		0		1		0		0		12

		NEG		4		17		20		18		2		5		0		11		2		0		62

		OP		4		12		20		11		0		0		0		0		2		0		43





RF Graph

		

																				Cover crop		Reproduction factor		SE

		Row Labels		StdDev of RF				SE												Sterile fallow		2.0979446479		0.9647670453

		EG		2.7905707996																Opium poppy		2.4075977786		0.5386521095

		FD		3.2765581535																Phacelia		2.4149917543		0.9173211479

		FUN		1.0255162351																Fallow Undisturbed		2.5283119658		0.5127581175

		IM		3.9654986847																Terranova		3.6820728291		0.1455555418

		IR		3.0242078853																Endophyte grass		3.8470230335		1.3952853998

		NEG		3.738962401																Italian ryegrass		4.0833333333		1.5121039426

		OP		1.0773042191																Fallow disturbed		5.5833333333		1.6382790768

		PH		1.8346422957																Indian mustard		6.3276143791		1.9827493424

		SF		1.9295340905																Nil-endophyte grass		7.4358197358		1.8694812005

		TER		0.2911110836

		Grand Total		2.7888207946

								StdDev of RF		SE

						EG		2.7905707996		1.3952853998

						FD		3.2765581535		1.6382790768

						FUN		1.0255162351		0.5127581175

						IM		3.9654986847		1.9827493424

						IR		3.0242078853		1.5121039426

						NEG		3.738962401		1.8694812005

						OP		1.0773042191		0.5386521095

						PH		1.8346422957		0.9173211479

						SF		1.9295340905		0.9647670453

						TER		0.2911110836		0.1455555418
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																		trt		block		counts		mean		stdev		CV

		Row Labels		Average of Total Trichodorids														EG		1		26		28		21.5251790546		76.8756394808						STDEV		MEAN		CV

		1		24.2														EG		2		59												12.318008497		24.2		50.900861558

		2		35.5														EG		3		15												17.6776695297		35.5		49.7962521962

		3		19.2		1												EG		4		12												10.2934715017		19.2		53.6118307378

		4		14.8		2												FD		1		8		12.5		7.1414284285		57.1314274283						6.9729636613		14.8		47.1146193333

		Grand Total		23.425		3												FD		2		20

						4												FD		3		5

																		FD		4		17

																		F-UN		1		26		18		9.0921211313		50.5117840629

																		F-UN		2		24

																		F-UN		3		16

																		F-UN		4		6

																		IM		1		51		20.25		21.0772389084		104.0851304116

																		IM		2		16

																		IM		3		4

																		IM		4		10

																		IR		1		16		19.75		4.7871355388		24.2386609559

																		IR		2		16

																		IR		3		26

																		IR		4		21

																		NEG		1		13		18.75		9.0691785736		48.3689523926

																		NEG		2		30

																		NEG		3		22

																		NEG		4		10

																		OP		1		26		30.5		8.346656017		27.3660853017

																		OP		2		42

																		OP		3		31

																		OP		4		23

																		PH		1		22		30.5		12.503332889		40.9945340623

																		PH		2		49

																		PH		3		24

																		PH		4		27

																		SF		1		36		30.75		25.8118189983		83.9408747912

																		SF		2		65

																		SF		3		14

																		SF		4		8

																		TER		1		18		25.25		10.8128010555		42.8229744774

																		TER		2		34

																		TER		3		35

																		TER		4		14





Sheet2

		

		Row Labels		StdDev of Total Trichodorids

		EG		17.4164673035

		FD		15.3920975395

		FUN		1.2583057392

		IM		7.3484692283

		IR		22.1415898255

		NEG		13.638181697

		OP		13.9612559129

		PH		21.7466472512

		SF		17.5949803448

		TER		1.5

		Grand Total		15.3288524668

				STDEV		SE

		EG		17.4164673035		8.7082336517

		FD		15.3920975395		7.6960487698

		FUN		1.2583057392		0.6291528696

		IM		7.3484692283		3.6742346142

		IR		22.1415898255		11.0707949127

		NEG		13.638181697		6.8190908485

		OP		13.9612559129		6.9806279565

		PH		21.7466472512		10.8733236256

		SF		17.5949803448		8.7974901724

		TER		1.5		0.75





Sheet6

		Treatment		block		PI		4W		AI		RF

		IR		1		16		4		28		1.75

		IM		1		51		24		133		2.6078431373

		FD		1		8		2		18		2.25

		PH		1		22		2		20		0.9090909091

		TER		1		18		8		72		4

		SF		1		36		6		23		0.6388888889

		EG		1		26		6		74		2.8461538462

		FUN		1		26		20		71		2.7307692308

		NEG		1		13		23		152		11.6923076923

		OP		1		26		7		40		1.5384615385

		IR		2		16		14		120		7.5

		IM		2		16		24		94		5.875

		FD		2		20		16		114		5.7

		PH		2		49		36		92		1.8775510204

		TER		2		34		8		123		3.6176470588

		SF		2		65		30		89		1.3692307692

		EG		2		59		18		100		1.6949152542

		FUN		2		24		18		34		1.4166666667

		NEG		2		30		30		178		5.9333333333

		OP		2		42		39		87		2.0714285714

		IR		3		26		55		78		3

		IM		3		4		15		42		10.5

		FD		3		5		38		44		8.8

		PH		3		24		54		107		4.4583333333

		TER		3		35		8		120		3.4285714286

		SF		3		14		49		60		4.2857142857

		EG		3		15		47		105		7

		FUN		3		16		17		55		3.4375

		NEG		3		22		51		103		4.6818181818

		OP		3		31		21		112		3.6129032258





Graph 

		

		Row Labels		StdDev of Total Trichodorids																														Pi (Initial density)		Density 4-weeks after planting

		EG		21.5251790546										Cover crop treatment		Average Trichodorids ±SD								EG								Endophyte grass		28		25

		FD		7.1414284285										Endophyte grass		28 ±21.53								FD								Fallow disturbed		12.5		20.75

		FUN		9.0921211313										Fallow disturbed		12.5 ±7.14								FUN								Fallow Undisturbed		18		18.25

		IM		21.0772389084										Fallow Undisturbed		18 ± 9.09								IM								Indian mustard		20.25		18

		IR		4.7871355388										Indian mustard		20.25 ±21.08								IR								Italian ryegrass		19.75		25.25

		NEG		9.0691785736										Italian ryegrass		19.75 ±4.79								NEG								Non endophyte grass		18.75		38

		OP		8.346656017										Non endophyte grass		18.75 ±9.07								OP								Opium poppy		30.5		24.75

		PH		12.503332889										Opium poppy		30.5 ±8.35								PH								Phacelia		30.5		29.25

		SF		25.8118189983										Phacelia		30.5 ±12.50								SF								Sterile fallow		30.75		28.25

		TER		10.8128010555										Sterile fallow		30.75 ±25.81								TER								Terranova		25.25		7.25

		Grand Total		14.2826548922										Terranova		25.25 ±10.81

						SE (PI)		SE (4W)

		EG		21.5251790546		10.7625895273		8.7082336517

		FD		7.1414284285		3.5707142143		7.6960487698

		FUN		9.0921211313		4.5460605657		0.6291528696

		IM		21.0772389084		10.5386194542		3.6742346142

		IR		4.7871355388		2.3935677694		11.0707949127

		NEG		9.0691785736		4.5345892868		6.8190908485

		OP		8.346656017		4.1733280085		6.9806279565

		PH		12.503332889		6.2516664445		10.8733236256

		SF		25.8118189983		12.9059094991		8.7974901724

		TER		10.8128010555		5.4064005278		0.75





Graph 

						10.7625895273		10.7625895273		8.7082336517		8.7082336517

						3.5707142143		3.5707142143		7.6960487698		7.6960487698

						4.5460605657		4.5460605657		0.6291528696		0.6291528696

						10.5386194542		10.5386194542		3.6742346142		3.6742346142

						2.3935677694		2.3935677694		11.0707949127		11.0707949127

						4.5345892868		4.5345892868		6.8190908485		6.8190908485

						4.1733280085		4.1733280085		6.9806279565		6.9806279565

						6.2516664445		6.2516664445		10.8733236256		10.8733236256

						12.9059094991		12.9059094991		8.7974901724		8.7974901724

						5.4064005278		5.4064005278		0.75		0.75



Pi (Initial density)

Density 4-weeks after planting

Treatments

SRN densities



Graph SRN IN 200ML

		

		Row Labels		Average of Total Trichodorids

		1		24.2								Block I		Block II		Block III		Block IV

		EG		26						EG		26		59		15		12

		FD		8						FD		8		20		5		17

		FUN		26						FUN		26		24		16		6

		IM		51						IM		51		16		4		10

		IR		16						IR		16		16		26		21

		NEG		13						NEG		13		30		22		10

		OP		26						OP		26		42		31		23

		PH		22						PH		22		49		24		27

		SF		36						SF		36		65		14		8

		TER		18						TER		18		34		35		14

		2		35.5

		EG		59

		FD		20

		FUN		24

		IM		16

		IR		16

		NEG		30

		OP		42

		PH		49

		SF		65

		TER		34

		3		19.2

		EG		15

		FD		5

		FUN		16

		IM		4

		IR		26

		NEG		22

		OP		31

		PH		24

		SF		14

		TER		35

		4		14.8

		EG		12

		FD		17

		FUN		6

		IM		10

		IR		21

		NEG		10

		OP		23

		PH		27

		SF		8

		TER		14

		Grand Total		23.425





Graph SRN IN 200ML
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Graph  SRN STAGES 

		

		Row Labels																								Trichodorus spp						Paratrichodorus Spp

		EG																								Males		Females		Juveniles		Males		Females		Juveniles

		1																						EG		2.25		4		18.75		0.25		1.75		1

		2																						FD		0.75		2.5		8.5		0		0.25		0.5

		3																						FUN		2.25		4		10.5		0.25		1		0

		4																						IM		1.75		5.75		9.5		1		1.75		0.5

		FD																						IR		0.75		4		13.25		0.5		1		0.25

		1																						NEG		0.25		3.75		14.25		0		0.5		0

		2																						OP		2.25		6.5		19.75		0		1.5		0.5

		3																						PH		0.75		6.75		21.5		0.5		0.5		0.5

		4																						SF		3.25		6.5		18		0.25		2.5		0.25

		FUN																						TER		2		5.5		15.75		0.75		1.25		0

		1
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