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Objectives

Develop Organic IPM strategies :
v~ 1) against key insect pests

2) against key plant-parasitic - ORGAN l c
nematodes, and

3) to improve soil health ‘ ORE'
properties.




a. Sweet potato weevil (Cylas
formicarius)

b. Rough sweet potato weeuvil
(Blosyrus asellus)

c. West Indian sweet potato
weevil (Euscepes
postfasciatus)

d. Sweetpotato stem borer
(Omphisa anastomosalis)



Weevil Adult Pupa Larva

Sweet potato weevil

(Cylas formicarius) Euscepes
batatae

47 days from eggs to adult, adult can live for 42 days.

Cylas

Sformicarius
Sweetpotato
weevil
. : Elytroteinus
nside sweet potato roots/ stem geophilus

: B

(Stathers et al., 2018 by International Potato Center CIP) (Fatiaki et al., 2018)



https://www.semanticscholar.org/paper/Abundance-and-distribution-of-West-Indian-sweet-in-Fatiaki-Palomar/af5c62262454ddb64a987ff05cb2f77b6b32c44c
https://www.sweetpotatoknowledge.org/wp-content/uploads/2018/12/xCIP_SP_T7_PestandDiseaseManagement_v40.pdf
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https://www.sweetpotatoknowledge.org/wp-content/uploads/2018/12/xCIP_SP_T7_PestandDiseaseManagement_v40.pdf

(HODA, 2011) N ; e {
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polalo weevil
(Blosyrus asellus) |

Table 1. Mean = SE of percentage of tubers damaged by

50 RSW based on the grade of tubers
a0
RSW-damaged REW-damaged
i) Treatment | marketable tubers, | off-grade tubers,
% %
Sewin 10.6 + 7.2-4 10.8 =4 6A
i Belay 26.2 + 5.5A 5.4 + 1.6A
BotaniGard 48.8 £+ 9.5BC 31.2=72B

Botanigard 'rovado srol
Provado 56.8 £10.1C 30.2+21B

Coantrol 60.8 £ 101C 25.2 +6.3B

Senin

Figure 4. Percent of all tubers with characteristic
damage caused by rough sweetpotato weevil (RSW)
Note: Figures followed by the same letters are not

after treatment with four insecticides and a control. Bars ote: 4
denoted by same letters are not significantly different. significantly different.

Long residue chemical is effective (Pulakkatu-thodi et aI., 2016)



https://www.ctahr.hawaii.edu/oc/freepubs/pdf/IP-38.pdf
https://hdoa.hawaii.gov/pi/files/2013/01/NPA-Sweet-Potato-Weevil.pdf

West Indian sweet

polalo weevil
(Fuscepes postfasciatus)

33 days from egg to adult,
adult longevity is about
75-105 days (O'sullivan,
year unknown)



https://keys.lucidcentral.org/keys/sweetpotato/key/Sweetpotato%20Diagnotes/Media/Html/TheProblems/Pest-Root&StemInsects/WestIndianSPWeevil/WestIndianWeevil.htm#:~:text=The%20adult%20weevil%20is%20reddish,prominent%2C%20downward%2Dcurving%20snout
https://keys.lucidcentral.org/keys/sweetpotato/key/Sweetpotato%20Diagnotes/Media/Html/TheProblems/Pest-Root&StemInsects/WestIndianSPWeevil/WestIndianWeevil.htm#:~:text=The%20adult%20weevil%20is%20reddish,prominent%2C%20downward%2Dcurving%20snout
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Organic Treatments

/3-Dodecenyl-E2- Entomopathogenic Entomopathogenic
butenoate nematode (EPN|) fungi (EPF)

—




Pheromone trap
+

Cover Crops
+

Alpha Scents, Inc.

Z3-Dodecenyl-E2- butanoate
Sweet potato weevil lure

Beauvaﬁa 1 /60 m (200 ft) diameter
bd&‘s l.a”a 45 T . . 1.4 5
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Beauvaria bassiana

Hanai‘A1 51 BG = Bare ground, MG=Marigold, SG=Sorghum, SH=Sunn hemp, VB = Velvet bean



https://gms.ctahr.hawaii.edu/gs/handler/getmedia.ashx?moid=72226&dt=3&g=12

Enhance JVatural Enem:ies
of weevils/ stem borers
Entomopathogenic Fungi

e Prelimina ry data shown that 2 months after cover crop termination Beauveria

velvet bean (VB) residues also
increased the frequency of
waxworm baits colonized by
Metarhizium and Beauveria
in the sweet potato field.
These are entomopathogenic
fungi (EPF) that can parasitize
insect pests including SPW,
RSPW and WISPW. BG
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Enlomopathogenic JVNematodes

Soil tub bioassay of sweet potato roots (infested with Hawaiian strain of

SPW) treated with 1,000 or 10,000 Heterorhabditis indica Heterorhabditis indica on
A. Infested tuberous root fully buried Galleria mellonella (WaX WOI’m)

B. Partially buried root
C. Root not buried (Roxana Myers, USDA ARS PBARC) 12



Mortality of SPW larvae
and pupae in tuberous roots
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(Myers et al., 2020) 13


https://doi.org/10.1093/jee/toaa054

Myers: apply Vs (o field soon afler
harvest (o reduce pressure on next crop

Remove cull
sweet potato
tuberous roots
from soil surface
before EPN
application

14



SPW mortality (%)
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(Landon Wong, 2023)
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(Landon Wong, 2023) 17



Summary

Multiple arthropod pests especially weevils and stem borers are very damaging to sweet potato
production in HI. Good news is they share similar natural enemies e.g. EPN, EPF.

Commercial EPNs are regulated and not allowed to be imported into Hawaii, even though a few
species can be imported, distributors are reluctant to import them due to short shelf life and
lack of farmers buying them.

Local strains of EPN and EPF (e.g. Metarhizium Ko-002) are viable and effective but needs to be
cultured.

Rotating sweet potato with velvet bean cover crop enhanced indigenous EPF in the soil that led
to less rough sweet potato weevil damaged roots.

Alpha Scent SPW lure keep SPW in check.
Biweekly or monthly spray of Beauvaria bassiana is worth while to reduce pest pressure.

Sanitation to ensure no weevil infested roots left on soil surface is recommended.



Objectives

Develop Organic IPM strategies :

1) against key insect pests

v/ 2) against key plant-parasitic - ORGAN l c
nematodes, and

3) to improve soil health ‘ ORE'
properties.




Root-knot and Rengform /Nematodes

Ch

Root-knot

Reniform

20



Sandy soil

J2
(move inside root
tissues until a feeding
site is found)

(infective stage)

\

ege

Root-knot nematode (J/Meloidogyne spp.)

#E#’éﬂ?i?zta
Feeding site undergoes

hypertrophy and form
\ giant cells

13-14
(sausage shape) s gl jlale s.pends
o " most time
Root-knot nematodes can produce - outside of the
eggs parthenogenetically (without roots

sexual reproduction)

High clay soil
Reniform
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Marisol Davila



Integrated JVNematode Management

SR
et
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1)

2)

3)
4)

5)

enhancing high biological diversity through polyculture
instead of conventional preference of monoculture systems;

increasing ecosystem community stability by promoting
natural enemies of multiple pests and pathogens;

stimulating inherent plant defenses;

improving plant health by maintaining nutrient cycling and
energy flow; and

targeting on vulnerable stages of pests or pathogens
through the understanding of their ecology.

22
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Cover Crops with Allelopathic against PPN

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

Sunn hemp i T
Crotalaria juncea ‘Erench Marigold
-- monocrotarine Tagetes patula

-- a-terthinyl

23

Brown mustard
Brassica juncea
-- glucosinolate

Sorghum-sudangrass
-- Dhurrin

Velvet
Bean
(Macuna
prupriens)
-- L-DOPA
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sunn hemp Strip-Till Cover Cropping

* Preplant Treatment:
L Sunn hemp (SH): 40 Ib seeds/acre

d Marigold (MQ): 2.6 Ib seeds/acre
 Bare ground (BG): fallow with weeds

Nematodes/250 cm3 soil

Nematodes/250 cm3 soil

1000
900
800
700
600
500
400
300
200
100

Bacterivores

—@— SH a a
—O0- MG
—AN - BG
a
_aob
A ~ a/ - Dtr
D_"<~—D’ . --Ac
~ ﬁb - — - - ﬂc
6/27/08 8/1/08 8/12/08 9/25/08
Herbivores A

— — —[

b

6/27/08

8/1/08

8/12/08

9/25/08

Nematodes/250 cm3 soil

Nematodes/250 cm3 soil

600 4 Fungivores
a a
500 - a
400 -
300 -
. / /DQ ~ -~
200 A~_// \D'ag——'[‘b
r - ) .- b
100 T ~ ﬁ Cuo — = - ﬂ 6 -
0
6/27/08 8/1/08 8/12/08 9/25/08
12 -
Omnivores
9 -
6 .
3 -
0

6/27/08 8/1/08 8/12/08 9/25/08




Sunn hemp + Molt-X
chemigation

Zucchini

»

NN

untreated Sunn hemp + Molt-X




Sunn hemp + Moll-X only effective against reniform

1200 2500 18
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Velum!l VelumIl SH+Velum SH+MoltX Control

o

Velum | Velum Il SH+Velum SH+MoltX Control

o
o

Velum! VelumIl SH+Velum SH+MoltX Control

Velum 0 = apply at planting;

Velum 1 = apply 1 wk after
planting;

SH +Velum = Preplant of sunn
hemp (SH)+Velum at T wk;

SH+Molt-X = SH+ monthly injection
of Molt-X

Control = no treatment

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

Velum One is not registered

for sweet potato.

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

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

Sunn hemp improved
yield in SH+Velum.

26




How to manage nematode efficiently using marigold?

18

Row switching technique

Tl e

Marigold | Nema-
Gone | 2000 See..

$9.95
Burpee Gardening

27

(Marahatta et al., 2012)



N

‘Calientee 199° Brown Mustard

Isothio
cynate

Biofumigation

/

Nematodes
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¥ o}

months

> 20 tons/acre in 2.5

Flail mow a

Grow
eggplant for

£ 5 months

JVX-2° Sorghum

nd strip-till

« Suppress root-knot female development

//4- —
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;—n 30 +
3
© 20
£
Q
W 10 f
0
NA BK MII BKP CV SH 512 LBMR 535 LA NX1 NX2

Increased soil C in 1 year.

Improved water infiltration G stable

_ enriched enriched
In 1 year.

Improved soil food web El

structure In 2 crop cycles. trese ctable

Improved soil aggregate daplletet | cipllaid

stability in year 2.
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Velvet bean against renifrom nematodes 45

% 5 months after planting sweet potato
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BG = Bacre ground, MG=Marigold, SG=Sorghum, SH=Sunn hemp, VB = Velvet bean
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X Natural Enemies of Plant-parasitic Nematodes

Arthrobotrys dactyloides

-- form constricting rings

Dactylaria ellipsospora
-form adhesive knobs

« Occur naturally in soil, but
they take time to build up their
populations. They can be

enhanced by cover crop
-form adhesive 3°nets residues.

« Paecilomyces lilacinum is a
commercial product available
from Symplot

ria penetrans
31

Purpureocillium
(Paecilomyces)
lilacinum strain 251
— egg parasite

MeloCon' | C

BICLOGICAL NEMATICIDE



http://coursewares.mju.ac.th:81/e-learning47/PP300/0016sugarteam1014/5605nematode/004%20under%20microscope/m450809d100726.jpg

v~ 3) toimprove soil health

32
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properties.
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Soil Microbial Biomass using Phospholipid
Fatty Acid Analysis (PLFA) assay

P i 3

‘Regen :x..

At 2-weeks after cover crop termination. AgLab
ACT Fungi AMF

Trt DIV (ng/g) GN(ng/g) (ng/g) (ng/g) GP/GN S/U F/B
BG 1.11b  140.51a 120.28 b 13.05b 0.00b 3.68a 9.16 @ 0.03 b
MG 1.14b 132.43a 145.73 b 51.80ab 3.79b 3.53c 9.26 @ 0.06 b
SG 1.16 b 153.45a0b  217.39 ab 27.96 b 486b 243ab 591 ab 0.04 ab
SH 1.13b  157.60ab  201.29 ab 22.70b 040b 2.77ab 742ab 0.03b
VB 1.30a |141.66b 288.49 @ 105.96a 33.06a] 1.89b 417 b | 0.13 ol

DIV = Microbial biomass diversity, ACT = Actinomycetes, GN = Gram negative bacteria, AMF =
Arbuscular mycorrhizal fungi, GP/GN = Gram positive/ Gram negative bacteria, §/U = Saturated/ .,
Unsaturated PLFA, F/B = Fungi/ Bacteria Ratio.



Other Soi Health |77, . .
Properties °°

« VB increased Soil C by 0.38% (at 3 T me | s s w

Soil C (%)
o (] [ =
o n o tn

months after cover cropping). 50

« Though not significant, VB plots had € o

the highest water infiltration rate. 5]
« VB also increased ammonia-N in the £ ol

soll compared to BG indicating @ T e s s e

higher pool of organic N that is
potentially plant available (Solvita oo |

Labile Amino-Nitrogen (SLAN) test). iiéii i i '

(mg/Kg)

75 ~
50 A
25 A

BG MG SG SH VB 35




o months after sweet potato planting (@
harvest)

Samples

O O se L O wme £ O sc = [ sH VB

‘/VB increased arbuscular
mycorrhizal fungi (AMF),
saprophytic fungi (SF), and
resulted in a higher fungi:
bacteria (F/B) microbial
biomass ratio.

L
=

VB

‘/VB increased soil C and
NH,*-N in the soil = available
organic form N.

-0.2

VB mcre_osed SO!| C, by 0.38% (first two axis explained 87.37% of
was associated with increased variance)
in water infiltration, soil
moisture content.




Regenerative Agriculture
Happy Soil = Happy Farmers

* Velvet bean is drought
tolerant and most
effective in increasing
soil C among the CC

tested.

o Strip-till cover cropping
allow allelopathic  induction of PGPR (G+ or G-) or AMF by strip-till
compounds from VB cover cropping of VB might have an additional
and SH to suppress benefits of regenerative ag for nematode

reniform nematodes. management,

37
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Resources for
Jarmers
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o
Prescription for Soil Health

Sustainable pest Management (SPM) for

sweet potato

Farmer driven sweetpotato weevil IPM

using UNI-Traps. Hanai‘Ai 48: Newsletter

Cover crop plant-available nitrogen

calculator

Prescription for soil health chart

Fact sheet on root-knot on sweet potato

managed by different biological

nematicides (Alabama)

Biological nematicides
38


https://gms.ctahr.hawaii.edu/gs/handler/getmedia.ashx?moid=72226&dt=3&g=12
https://gms.ctahr.hawaii.edu/gs/handler/getmedia.ashx?moid=72226&dt=3&g=12
https://gms.ctahr.hawaii.edu/gs/handler/getmedia.ashx?moid=71762&dt=3&g=12
https://gms.ctahr.hawaii.edu/gs/handler/getmedia.ashx?moid=71762&dt=3&g=12
https://hawaiicovercropcalc.oahurcd.org/
https://hawaiicovercropcalc.oahurcd.org/
https://gms.ctahr.hawaii.edu/gs/handler/getmedia.ashx?moid=72149&dt=3&g=12
https://www.aces.edu/blog/topics/crop-production/integrated-management-of-southern-root-knot-nematode-on-sweet-potato/?fbclid=IwAR0z-GqVfW1wjfz8Ew96di5ClpA6uLQ5Vo7KwEUdSqqOj288BFl5eOlRu8A
https://www.aces.edu/blog/topics/crop-production/integrated-management-of-southern-root-knot-nematode-on-sweet-potato/?fbclid=IwAR0z-GqVfW1wjfz8Ew96di5ClpA6uLQ5Vo7KwEUdSqqOj288BFl5eOlRu8A
https://www.aces.edu/blog/topics/crop-production/integrated-management-of-southern-root-knot-nematode-on-sweet-potato/?fbclid=IwAR0z-GqVfW1wjfz8Ew96di5ClpA6uLQ5Vo7KwEUdSqqOj288BFl5eOlRu8A

Mahalo

* NIFA OREI (HAW09705-G),

* NRCS CIG (NR1992510002G001 and NR2192510002G002).

* CTAHR Plan of Work (POW16-964), Multi-state
(HAWO09034-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/1FAlpQLSc4p6-
IDFZleX7zdkxpgD1lihxyqyajch80yKZ13VLe3 mYTZg/viewfor
m

Video: Benefits of Cover Cropping (Chinese narration):
https://youtu.be/518m7F2f1G8

Dr. Koon-Hui Wang: Cover Crop
Information (hawadii.edu)
koonhui@hawail.edu



https://docs.google.com/forms/d/e/1FAIpQLSc4p6-IDFZleX7zdkxpqD1ihxyqyqjch8OyKZ13VLe3_mYTZg/viewform
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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