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Economic Importance of Plant-parasitic Nematodes

» $100 billion/yr loss worldwide (S10 billion loss in USA).
» Form disease complex with other opportunistic soil-borne pathogens.
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Cover Crops with Allelopathic Effects: Natural Nematicides
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Biofumigation
Soil fumigation with plant-derived allelopathic compounds (isothiocyanates)
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Biofumigation Methods
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Trap Cropping Effect
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Objectives

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

v/ 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.
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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.

e Roots were stained with acid fuchsin.
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Heat units accumulated by Meloidogyne incognita to reach egg-laying female

Female

A

Heat units to reach egg-laying female = 274.5 DD (3.5 weeks)

Heat unit (degree days, DD) = [2.(T- Thase)] % total hour/24hr
T = soil temperature for each hour
Tbase = base temperature of M. incognita, 9.8°C
————————————————————————— (modified from Fraisse et al., 2011)



Objective 1
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Treatments: Oil radish was planted for different length of time (0O, 2, 4, 6 and 8 weeks).
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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.
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When is the best time to terminate oil radish?

Repeated measure over 3 sampling dates at monthly interval RG|: 12

Nematodes/250 cm?3 soil

Herbivores 0 2 4 6 8
Root-knot nemamtode 178 A 140A 213 A 160A 467 A
Reniform nematode 371 A 256 A 874A 168A 312A

Stubby root nematode 36 A 20A 32A 22 A 33A

Root Gall Index on pumpkin at 4 months after planting
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Objectives

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

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.

v 2. Determine the best termination method for brassicaceous cover
crops to maximize biofumigation effect.
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Determine the Best Termination Method of Cover Crop for Biofumigation Effect

n RCBD.

w3

Experimental design: 7 treatments with 4 replications |

Ib/acre
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__Seeding: 10

Treatmen_ts: | | MSNT = mustard + sickle + weed mat;
ORNT = oil radish + sickle + weed mat; MST = mustard + line trim + till:
ORT = oil radish + line trim + till; MSBP = mustard + line trim + till + black plastic:

ORBP = oil radish + line trim + till + black plastic; BG = bare ground fallow
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Results (Trial Il)

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

Field Trial II: Biofumigation against Plant-parasitic Nematodes
(repeated measures over 3 months; n = 84)

Root-knot nematodes
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ORNT = oil radish + sickle + weed mat; MSNT = mustard + sickle + weed mat;
ORT = oil radish + line trim + till; MST = mustard + line trim + till;
ORBP = oil radish + line trim + till + black plastic; MSBP = mustard + line trim + till + black plastic;

BG = bare ground fallow



Objective 2
Field Trial Il = Brown mustard only

Experimental design: 7 treatments with 4 replications in RCBD.

Seeding: 10 Ib/acre (brown mustard)

Treatments:

BG = bare ground fallow; T = till without maceration;

NT = sickle + weed mat; MT = macerate + till

MNT = maceration + no-till; MTBP = maceration + till + black plastic tarp.

NTBP = maceration + no-till + black plastic tarp;
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Plant-parasitic Nematodes

Root-knot nematodes
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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.
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Field Trial Il

R—G, | Glucosinolate

At 1 week after biofumigation:

1) Quantify myrosinase activity —
glucose diagnostic kit (Al-Turki and -
Dick, 2003).

SH
2) Quantify sulfate (Fahey et al., 2001). R—c’ 0
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Myrosinase Activity

Change in glucose level Change in soil sulfate
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BG = bare ground fallow; T = till without maceration,

NT = sickle + weed mat; MT = macerate + till

MNT = maceration + no-till; MTBP = maceration + till + black plastic tarp.

NTBP = maceration + no-till + black plastic tarp;
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Results
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BG = bare ground fallow; T = till without maceration,;
NT = sickle + weed mat; MT = macerate + till
MNT = maceration + no-till; MTBP = maceration + till + black plastic tarp.

NTBP = maceration + no-till + black plastic tarp;
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Soil Health Benefits of Biofumigation

% bacterivores Enrichment index (1-mo after biofumigation)
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BG = bare ground fallow; T = till without maceration;
NT = sickle + weed mat; MT = macerate + till
MNT = maceration + no-till; MTBP = maceration + till + black plastic tarp.

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



Summary

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 Ib/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).

0il Radish vs Brown Mustard
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Fig. 5. Abundance of A) root-knot and B) bacterivarous

nematodes affected by ail radish (OR) and mustard (MS)
terminated by no-till (NT), macerated and tilled (T) or
macesated, tilled and covered with black plastic (BP) for
s week as compared to the bare ground {BG) cantral

0 COOPERATIVE EXTENSIOGN

Bmt’umigation is the use of brassica

R\anldnri\ued chemicals to manage soil-
ome  pests  and  pathogens in

agroecosystems,  Flants  in Brassicaceae
family such as brown mustard, Brossica
juncen and oil radish, Raphanus sativus
contain lucosinglates  {GLS)  and
myrosinase Myi] enzyme.  Upon
ion of tissue and di ion of the

plant cell, Myr comes in contact with GLS
and breaks it down into sulfate and
isothiocyanates (ITC) among other volatile
compounds (Fig. 1). OFf these compounds,
especially ITC, is toxic to  soil-borne
pathogens and pests including plant-
mraﬂrlc nﬂmtr\dnﬁ Hnwwnr

using hlmumlunm Ilas bcen inconsistent.
Current rescarch at the College of Tropical
Agriculture and Human Resources is
developing a step-by-step protocol to help
tarmers to perform biofumigation against
nematode pests.

To enhance the nematode suppressive
effects of biofumigation, researchers are
integrating trap cropping approach to
this ecological based nematode manage-
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‘When to terminate the trap crop?

Conventional trap crop of plant-parasitic
todes is a susceptible host that allow
of the nematodes, but if
ior to the nematode mass

V] Ny crop is a biofumigant crnp
the trapped Mgatodes would then be
tumigated at cr ermination and hence

reduce th Mypressure in the field
i termination  of

i
Results from a fiel
that terminating of
\r-MlS after planting provid
biomass {Fig. 2) to stimulate the sulg
pumpkin plant growth while reducing Wot-
gall index on the crop (Fig. 3).
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Fig. 3. Effect of oil radish growing time an A) pumpkin roat

gall index (110 scale) caused by roat-knot nematades, and
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Trap Cropping and
Biofumigation for Plant-
parasitic Nematode
Management

Sodbuster’ Oil radish (Raphanus sativus)

ion for best

practice is developed based on the
understanding that oil radish and brown
mustard are hosts of root-knot nematodes,
tissue maceration i required for GLC to be
converted to ITC, and ITC

is volatile.

e trimmer

Fig. 4. A) Flail mower and line trimmer; B) hand-held
rotatiller incorporating macerated tissues into sodl; C)
comes the soil with black plastic mulch.

St_ephy—;te? protocol  for  effective

[ nematodes:

. Grow brown mustard or ol radish as cover

4 Cover black plastic mulch to contain

against  plant- sitic

crop at a seeding rate of 1w Ibfacre (1
kgtha) for 4-5 weeks (trap cmppmg is
served at this time), producing dry biomass
equivalent to 0.5-1.5 tfacre {1.2-3.7 t/ha).

. Macerate tissues using line trimmer or flail
mower o enhance  conversion  of
?lucmmolams to isothiocyanates (Fig. 44).
Incorporate macerated Hasies Using roto-
tiller to 4-6 inches {10-15 em) soil depth
{shallow till minimize soil disturbance).

isothiocyanates from marlng inta the air.
Uncover the plastic mulch 7 days after
tarping then transplant cash crop seedlings
immediately {avoid direct seeding of small

seeded crops).




UNIVERSITY of HAWALL at MANOA Plant and Environmental Protection Sciences

Acknowledgements

Sustainable Agriculture
Research & Education \ &, CHANGINGLVES &/

\ N 4

EXTENDING KNOWLEDGE

Sustainable Pest Management Lab
University of Hawai’i at Manoa,
College of Tropical Agriculture and Human Resources

Adviser: Dr. Koon-Hui Wang
Rose Mathews

Dissertation committee members: Dr. Brent Sipes, Shelby Ching

Dr. Zhigiang Cheng, Dr. Joe DeFrank and Dr. James

Josiah Marquez
Leary

Jonathan Kam

Bishnu Bandari
Technical support staff: Donna Meyer, Gareth Shova Mishra

Nagai and Steve Yoshida

Poamoho Experiment Station: Farm crew

Extension Agents: Jari Sugano and Jensen Uyeda



