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Economic Importance of Plant-parasitic Nematodes

 $100 billion/yr loss worldwide ($10 billion loss in USA).
 Form disease complex with other opportunistic soil-borne pathogens.



Cover Crops with Allelopathic Effects: Natural Nematicides

Sunn hemp
Marigold

Sorghum
Brassicas



Biofumigation
Soil fumigation with plant-derived allelopathic compounds (isothiocyanates)

Oil radish               Brown mustard



Biofumigation Methods



Trap Cropping Effect

Galls

Terminate cover crop here to 
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Objectives

1. Determine the best time to terminate the cover crop for trap 
cropping effect: Avoiding root-knot nematode (Meloidogyne incognita) to 
reach the heat units of egg-laying females.

2. Determine the best termination method for brassicaceous cover 
crops to maximize biofumigation effect. 

Overall Goal: To develop best termination methods of brown mustard    
(Brassica juncea) and oil radish (Raphanus sativus) cover 
crops for nematode management.





Determine Heat Units of Root-knot Nematodes on Mustard

Experimental Design:
• Treatments: Mustard and tomato seedlings were inoculat

ed with 100 juveniles of M. incognita.

• Plants were destructively sampled at 3 days interval 

beginning at 9 days after inoculation (3 reps) until day 24. 

• Roots were stained with acid fuchsin. 

Objective 1



Heat units accumulated by Meloidogyne incognita to reach egg-laying female

Objective 1

Heat units to reach egg-laying female = 274.5 DD (3.5 weeks)
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Treatments: Oil radish was planted for different length of time (0, 2, 4, 6 and 8 weeks). 

Field Trial I: Field Trial Verification on Termination Time

Objective 1



Conventional Termination Method of Biofumigant Crops = No tissue maceration

Experiment was arranged in RCBD with 4 

replications. Pumpkin was planted after oil radish 

(OR) termination and incorporation, nematodes were 

sampled at OR termination and at 4-week interval 

over a 4-month period during pumpkin growth. 

Objective 1



When is the best time to terminate oil radish?
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Age of oil radish

Objective 1

Root Gall Index on pumpkin at 4 months after planting
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ORNT = oil radish + sickle + weed mat; 

ORT = oil radish + line trim + till;

ORBP = oil radish + line trim + till + black plastic;

Seeding: 10 lb/acre
Experimental design: 7 treatments with 4 replications in RCBD. 

Determine the Best Termination Method of Cover Crop for Biofumigation Effect

MSNT = mustard + sickle + weed mat; 

MST = mustard + line trim + till;

MSBP = mustard + line trim + till + black plastic;

BG = bare ground fallow

Treatments:

Objective 2



Results (Trial II)

Root Gall Index (n = 4, P = 0.0403)

Objective 2



Results

Field Trial II: Biofumigation against Plant-parasitic Nematodes 

(repeated measures over 3 months; n = 84)

ORNT = oil radish + sickle + weed mat; 

ORT = oil radish + line trim + till;

ORBP = oil radish + line trim + till + black plastic;

MSNT = mustard + sickle + weed mat; 

MST = mustard + line trim + till;

MSBP = mustard + line trim + till + black plastic;

BG = bare ground fallow

Objective 2



Seeding: 10 lb/acre (brown mustard)

Experimental design: 7 treatments with 4 replications in RCBD. 

Field Trial II – Brown mustard only

Treatments:

Objective 2

T MT MTBP



Plant-parasitic Nematodes 

BG = bare ground fallow; 
NT = sickle + weed mat; 
MNT = maceration + no-till; 
NTBP = maceration + no-till + black 
plastic tarp; 

T = till without maceration; 
MT = macerate + till
MTBP = maceration + till + black 
plastic tarp.

Objective 2



Field Trial II

At 1 week after biofumigation:
1) Quantify myrosinase activity –

glucose diagnostic kit (Al-Turki and 
Dick, 2003).

2) Quantify sulfate (Fahey et al., 2001).

Objective 2

Glucosinolate

Biofumigant



Myrosinase Activity

BG = bare ground fallow; 

NT = sickle + weed mat; 

MNT = maceration + no-till; 

NTBP = maceration + no-till + black plastic tarp; 

T = till without maceration; 

MT = macerate + till

MTBP = maceration + till + black plastic tarp.

Objective 2



Results

BG = bare ground fallow; 

NT = sickle + weed mat; 

MNT = maceration + no-till; 

NTBP = maceration + no-till + black plastic tarp; 

T = till without maceration; 

MT = macerate + till

MTBP = maceration + till + black plastic tarp.



Soil Health Benefits of Biofumigation

BG = bare ground fallow; 

NT = sickle + weed mat; 

MNT = maceration + no-till; 

NTBP = maceration + no-till + black plastic tarp; 

T = till without maceration; 

MT = macerate + till

MTBP = maceration + till + black plastic tarp.



Conclusions

• Root-knot nematodes reach egg-laying female stage in 3.5 weeks (274.5 
DD). 

• The most effective biofumigation method against root-knot nematodes 
was by growing brown mustard for around 4 weeks followed by 
termination with tissue maceration, till and covering with black plastic for 
1 week (MTBP).

• Glucose and soil sulfate levels were both good indicators of 
biofumigation effect, however, sulfate was more stable in soil and was 
significantly higher in MTBP than other biofumigation methods tested. 



Step-by-step protocol for effective biofumigation
against plant-parasitic nematodes:
1. Grow brown mustard or oil radish as cover crop at a 

seeding rate of 10 lb/acre (11 kg/ha) for 4-5 weeks 
(trap cropping is served at this time), producing 
dry biomass equivalent to 0.5-1.5 t/acre (1.2-3.7 
t/ha).

2.Macerate tissues using line trimmer or flail mower 
to enhance conversion of glucosinolates to 
isothiocyanates (Fig. 4A).

3.Incorporate macerated tissues using roto-tiller to 
4-6 inches (10-15 cm) soil depth (shallow till 
minimize soil disturbance).

4. Cover black plastic mulch to contain 
isothiocyanates from escaping into the air.

5. Uncover the plastic mulch 7 days after tarping then 
transplant cash crop seedlings immediately (avoid 
direct seeding of small seeded crops).

Summary
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