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Nematode Damage

(Wang et al., 2017)

Healthy roots Infected by root-knot 
nematodes

Yield loss (%)

Tomato 
(Komohana, 
root-knot 
resistant var) 53

Zucchini (‘Felix’)

72

SH+Velum

Velum I

Control

Control



Nematode Damage on Sweet Potato

(Waisen, Wang et al., 2019)

PPN/symptoms Healthy roots Infected by nematodes Yield loss (%)

Root-knot 
nematodes

Root cracking

Marketable yield 
= 81.6%

Total yield = 
47.3%

Reniform 
nematodes

Delay storage 
roots 
development

Marketable yield 
= 35.6 %

Total yield = 36%

Velum I Control

ControlSH+Velum



Root-knot nematode (Meloidogyne spp.)

egg

J2
(infective stage)

male

female

J2
(move inside 
root tissues 

until a feeding 
site is found)

J3-J4 
(sausage shape)

Feeding site 
undergoes 

hypertrophy and form 
giant cells

Egg masses erupt 
from root galls

Male 
spends 
most time 
outside of 
the roots

Root-knot nematodes can produce 
eggs parthenogenetically (without 

sexual reproduction)

Marisol Davila



Okra

tomato Beet

Root Galls formed by Root-knot Nematodes

Picture: Koon-Hui Wang

Eggplant

Basil



Reniform Nematode (Rotylenchulus reniformis)

Pre-adult female slightly swollen

Kidney-shape 
female

anhydrobiosis

Difficult to manage 
(can survive in dry 

fallow soil for years)

Easy to manage

male

J2
J3

J4

egg

Vermiform stages stay 
outside of roots
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Reniform nematode has a broad host range

Pineapple

Papaya Cowpea Sweet potato

…and wide 
range of 
vegetable 
crops

7

Picture: Koon-Hui Wang

http://www.google.com/imgres?imgurl=http://mossagrow.files.wordpress.com/2008/06/papaya1.jpg&imgrefurl=http://mossagrow.wordpress.com/2008/06/20/the-papaya/&usg=__2k5_qFBKh11r_GiM7nlgfh2CrIc=&h=480&w=640&sz=89&hl=en&start=5&um=1&itbs=1&tbnid=g9-pZ9hAJ1vUoM:&tbnh=103&tbnw=137&prev=/images?q=papaya&um=1&hl=en&sa=N&rlz=1T4WZPC_enUS360US361&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.all-creatures.org/recipes/images/i-blackeyedpeas.jpg&imgrefurl=http://www.all-creatures.org/recipes/i-blackeyedpeas.html&h=627&w=724&sz=38&tbnid=i9FxaRNPSLCgRM:&tbnh=121&tbnw=140&prev=/images?q=cowpeas&usg=__yFW6kKHfNrxhuR8p-4z-aqcOy8Q=&sa=X&ei=CaoMTK-xEJvcMd7PrbYE&ved=0CDMQ9QEwBA
http://www.all-creatures.org/recipes/images/i-blackeyedpeas.jpg
http://www.google.com/imgres?imgurl=http://www.hort.purdue.edu/ext/senior/vegetabl/images/large/sweetpotato.jpg&imgrefurl=http://www.hort.purdue.edu/ext/senior/vegetabl/sweetpotato1.htm&usg=__Z1SHPycEXbSKfnd6Ei8dd-3zcMY=&h=480&w=640&sz=55&hl=en&start=24&itbs=1&tbnid=Poz3CCRmG8X3JM:&tbnh=103&tbnw=137&prev=/images?q=sweet+potato&start=20&hl=en&sa=N&ndsp=20&tbs=isch:1


Principals of 
Sustainable Nematode Management

Enhance crop diversity 

Support natural enemies 

Induce host plant resistance

Improving plant health (tolerance)

Targeting on vulnerable stages of nematodes

(Wang and Uchida, 2014)



Integrated Nematode Management

Pre-plant rotation 

Soil amendment  

Post-plant drenching

Host plant resistance

Suppressive soil



Preplant rotation Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

Brown mustard 
Brassica juncea
-- glucosinolate

Sunn hemp
Crotalaria juncea
-- monocrotarine

French Marigold
Tagetes patula
-- α-terthinyl

Sorghum-sudangrass
-- Dhurrin

T. erecta and T. 
polynema are resistant 
to root-knot but very 
susceptible to reniform 
nematodes.

Velvet 
Bean

(Macuna 
prupriens)
-- L-DOPA

Cover Crops Allelopathic against Plant-parasitic Nematodes



How to manage nematode efficiently using marigold?

(Marahatta et al., 2012)

Row switching technique
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Preplant rotation
Marigold

Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

α-terthinyl

Vulnerable stage

Solar activated



Sunn hemp Strip-Till Cover Cropping 
• Preplant Treatment:
 Sunn hemp (SH): 40 lb seeds/acre

 Marigold (MG): 2.6 lb seeds/acre

 Bare ground (BG): fallow with weeds
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Preplant rotation
Sunn hemp

Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

Most toxicity from SH is in the leaves of 2- 
to 3-month-old plants. (Wang et al., 2011)



Preplant rotation
Brown mustard

Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

‘Calientee 199’ Brown Mustard Biofumigation 

Isothiocynate

T=till M = Maceration BP = Black plastic

glucosinolate

Mustard leaf tissues

Vulnerable stage

Brown mustard is very 
susceptible to root-
knot nematodes.

Grow for 5 weeks. maceration



Preplant rotation
Sorghum

Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

+ Glucose

Busk and Moller, 2002

HCN

Dhurrin
• Suppress root-knot female 

development
• Most varieties are not suppressive > 

2-mon old except for NX-2 (NX-D-61).
• NX-2 generated > 40 tons/acre in 2.5 

months.



Velvet bean against renifrom nematodes 
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5 months after planting sweet potato

BG = Bacre ground, MG=Marigold, SG=Sorghum, SH=Sunn hemp, VB = Velvet bean 15

Preplant rotation
Velvet bean

Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

L-dopa, a neorotransmiter, paralyzed nematodes



Preplant rotation Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

methyl isothiocyanate
(MITC)

Papaya Ground Seeds 
(PGS)

PGS Crude Extract



Preplant rotation
Sunn hemp

Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

untreated Sunn hemp + Molt-X

Chemigation

Neem product

a.i. Azadirachtin

Velum One alone

Purpureocillium 
(Paecilomyces) 
lilacinum strain 251 
– egg parasite



Velum 0 = apply at planting; 
Velum 1 = apply 1 wk after planting; 
SH +Velum = Preplant of sunn hemp 

(SH)+Velum at 1 wk; 
SH+Molt-X = SH+ monthly injection of 

Molt-X
Control = no treatment

Sunn hemp + Molt-X  only effective against reniform nematodes

Velum suppressed root-knot, Molt-X 
suppressed reniform nematodes. 

• Root-knot affected sweet 
potato yield more than 
reniform nematodes. 

• Sunn hemp improved yield 
in SH+Velum.

(Waisen and Wang, 2021 Journal of Nematology 53:1-15) 18

Root-knot nematodes Reniform nematodes



Preplant rotation Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

• A = Actinovate (Steptomyces lydicus), 
• L = Lobster meal, 

• M = Mustard (ground), 
• Sb = Subtilex (Bacillus subtilis), 

• Sh = Shrimp shell meal, 
• V = Vermicompost tea, 

• W = Water

Banana Panama wilt

Chitin



 Actinovate AG is a high concentration of a patented 
beneficial organisms on a 100% water soluble powder.
 a.i. = Streptomyces lydicus strain WYEC 108
 An effective preventative spray for many soil-borne and 

foliar fungal diseases. 
 Effect on nematode suppression is not convincing.

 Shrimp shell meal is a slow-release organic fertilizer (5% 
N, 8% P, 15% Ca & 18% chitin & trace minerals), derived 
from ground-up shrimp shells.
 Used in Asia for its nematicidal properties.
 Enhance beneficial soil chitin-feeding microbes.
 Nematode egg shell is composed of chitin.

Preplant rotation Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil



ActinoStar /
Shrimp shell meal
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 Shrimp shell meal (SS) 
+/- (35 lb/1000 sq ft)

 Actino-Star (AS) 
6 oz/acre

 Actinovate (AG) 
6 oz/acre 

 Untreated control (C) 

Preplant rotation Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil
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NVC: Water
CVC:  completely cured VC(> 2 

months)
PVC:  partially cured VC (1-1.5 

months)
UVC: uncured VC (< 1 week)

  UVC and PVC  consistently suppressed 
RKN penetration, but CVC occasionally 
suppressed RKN penetration.
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Preplant rotation Soil 
amendment

Post-plant 
drenching

Induce 
Systemic 

Resistance

Suppressive 
soil

Vermicompost Tea



Root-knot nematode Resistant varieties 
(ADSC)

N-5, N-63, N-65, 
Komohana

Healani, 
Kewalo

Poamoho Pole 
Bean

Preplant rotation Soil 
amendment

Post-plant 
drenching Resistance Suppressive 

soil

Grafting clips used for 
securing the graft

Grafting

 Coffee farmers in Hawaii graft commercial coffee variety, Kona 
typica (Coffea arabica ‘Guatamala’) to root-knot nematode 

resistant root stock, Fukunaga (Bittenbender et al., 2001).

Fukunaga root stock 

‘Guatamala’

http://www.google.com/imgres?imgurl=http://fulchinovineyard.com/images/tomato%20tumbler.jpg&imgrefurl=http://fulchinovineyard.com/nursery_veggies.htm&usg=__xcdIoX14cgHjByEZFC6KdOuuDrc=&h=300&w=300&sz=19&hl=en&start=21&um=1&itbs=1&tbnid=Dt7IarmW9BGKMM:&tbnh=116&tbnw=116&prev=/images?q=vine+type+tomato&start=20&um=1&hl=en&sa=N&rlz=1T4WZPC_enUS360US361&ndsp=20&tbs=isch:1
http://www.google.com/imgres?imgurl=http://forum.globaltimes.cn/forum/attachment.php?attachmentid=10948&d=1257901985&imgrefurl=http://forum.globaltimes.cn/forum/showthread.php?t=8705&usg=__ciz5bt8spS0goD9pLRs53GfCqzA=&h=435&w=442&sz=80&hl=en&start=2&um=1&itbs=1&tbnid=NARsU_bys6UcAM:&tbnh=125&tbnw=127&prev=/images?q=tomato&um=1&hl=en&sa=N&rlz=1T4WZPC_enUS360US361&tbs=isch:1
http://www.google.com/imgres?imgurl=http://img4.sunset.com/i/2000/04/pole-beans-m.jpg&imgrefurl=http://www.sunset.com/garden/fruits-veggies/best-bean-00400000019856/&usg=__QmsD9kSR9cGA7tGab0nyflKBfTY=&h=300&w=300&sz=24&hl=en&start=5&um=1&itbs=1&tbnid=WO88mXCcBMcRLM:&tbnh=116&tbnw=116&prev=/images?q=pole+beans&um=1&hl=en&sa=N&rlz=1T4WZPC_enUS360US361&tbs=isch:1


Preplant rotation Soil 
amendment

Post-plant 
drenching Resistance Suppressive 

soil

Mycorrhizae

Pasteuria penetrans endospores
Nematode-trapping fungi



Summary:
Sustainable Nematode Management

Enhance crop diversity 

Support natural enemies 

Induce host plant resistance

Improving plant health (tolerance)

Targeting on vulnerable stages of nematodes
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• NIFA OREI (HAW09705-G), 
• NRCS CIG (NR1992510002G001 and NR2192510002G002).
• CTAHR Plan of Work (POW16-964), Multi-state (HAW09034-R) 

and Hatch (HAW09048-H).  
• Roshan Paudel, Philip Waisen, Ben Wiseman, Lauren Braley, 

Jensen Uyeda, Josh Silva, Donna Meyer, Farm Crews from 
Poamoho Experiment Station, Koaloa Ranch.

Please complete a survey at: 
https://docs.google.com/forms/d/e/1FAIpQLSc4p6-
IDFZleX7zdkxpqD1ihxyqyqjch8OyKZ13VLe3_mYTZg/viewform

Dr. Koon-Hui Wang: Cover Crop 
Information (hawaii.edu)

koonhui@hawaii.edu

Mahalo

OREI

https://docs.google.com/forms/d/e/1FAIpQLSc4p6-IDFZleX7zdkxpqD1ihxyqyqjch8OyKZ13VLe3_mYTZg/viewform
https://docs.google.com/forms/d/e/1FAIpQLSc4p6-IDFZleX7zdkxpqD1ihxyqyqjch8OyKZ13VLe3_mYTZg/viewform
https://cms.ctahr.hawaii.edu/wangkh/Research-and-Extension/Cover-Crops
https://cms.ctahr.hawaii.edu/wangkh/Research-and-Extension/Cover-Crops
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