Biofumigation Approaches to help Farmers Reduce
Soil-borne Disease Pathogen Problems in
Agroecosystems
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Reniform and Roaot
knot Nematodes are
two common Plant
parasitic Nematodes

Meloidogynespp.

found on wide range of
crops in Hawali

Rotylenchulus
reniformis
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Root-knot Nematode Damage on Tomato & Zucchini in Hawall

Healthy roots

Infected by root-knot

Yield loss (%)

nematodes

Tomato
(Komohana,
root-knot
resistant var) 53
Zucchini

72

(Wang et al., 2

N17)
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Root-knot nematode (Meloidogynespp.)

Feeding site
J2 \% » undergoes
(move inside / iy hypertr_ophy and form
root tissues until B 3334 giant cells
a feeding site is ‘ (sausage shape) e

found
) Root-knot nematodes can produce spend;
/ eggsparthenogenetically(without / mOSF time
sexual reproduction) l outside of

the roots

J2

(infective stage)

\

€gg

‘ 4  erupt
from root galls

Marisol Davila



Gilant cells

= enlarged, multinucleate cell formed in roots by repeated nuclear divisions without «
wall formation, this phenomenon is known as hypertrophy. It is induced by secretiol
of root-knot nematodes. =z - Giant cell

This lead to swollen of roots, thus forming root galls or root knots.

Picture: Society oNematologists


http://www.google.com/url?sa=i&rct=j&q=giant+cell+of+root-knot+nematodes&source=images&cd=&cad=rja&docid=FKwwlhrHJtcZKM&tbnid=ZxGoQahC5zWBJM:&ved=0CAUQjRw&url=http://coursewares.mju.ac.th:81/e-learning47/PP300/0016sugarteam1014/5605nematode/004%20under%20microscope/page_01.htm&ei=Jxb-UYPcHoqaiALc-4DACw&bvm=bv.50165853,d.cGE&psig=AFQjCNEh-TNTQNEAapowbJI8x5UVyZYgdA&ust=1375692618661792

Reniformnematode has a broad host range

A
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et potato
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range of
vegetable
crops



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

ReniformNematode Rotylenchulusreniformis)

Pre-adult female slightly swollen

Difficult to manage
(can survive in dry
fallow soil for years)

an hydroblosis

: Kidney-shape
J4 L R e female
Vermiform stages sty jo W e
outside of roots A

Easy to manage



Anhydrobiosis

= Some nematodes can survive the loss of all their body water and enter
a state ofanhydrobiosisn which their metabolism comes reversibly to
a standstill.

Scanning electromicrographyof a nematode after dehydration.
(Sugar Teannttp://coursewares.mju.ac.th:81/dearning47/PP300/0016
sugarteam1014/5605nematode/004%20under%20microscope/page _01.htm)

This i1s makingreniform nematode very difficult to manage.


http://coursewares.mju.ac.th:81/e-learning47/PP300/0016sugarteam1014/5605nematode/004%20under%20microscope/m450818d161729_p031.jpg
http://coursewares.mju.ac.th:81/e-learning47/PP300/0016
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Cover Crops witiAllelopathic
Compounds against PPN

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

432 e TR 1
Brown mustard
(Brassica juncea)

-- glucosinolate

Sunn hemp
Crotalaria juncea
-- monocrotarine

French Marigold AR
Tagetes patula Sorghum-sudangrass
-- g-terthinyl -- Dhurrin



Oil radish Brown mustard

Benefits of
Brasicaceous cover
crops

Biodrill

Nutrient scavenging
Nematode trap crop
Biofumigation

BEST FORAGE

Picture Credit: Joel Gruver



;. 0
R=GQ I
N—O —ﬁ—OH
o)
5 D,
.9 Myrosinase
)
m Glucose
=2 S oy
L 0
E : c*u—o —8—oH
- I
e - o _
@
E ESP/TFP
R—C=N
Nitrile,
Epithionitrile

The use of glucosinolate (GL)-derived isothiocyanate (ITC) from brassica cover crops is known
to suppress soil -borne pests and pathogens (Kirkegaard et al., 1993).




A Zucchini nematodes
A Lettuce Fusarium Wilt

A Banana Fusarium Wilt
(Panama Wilt)

A Asparagus Crown and
Root Rot

N = %70’ Asparagus crown and root rot
Rhizoctonia bottom rot




Biofumigation by MTBP

(= Macerated, Till, cover with Black Plastic)

Cover with plastic
(1 week)



Suppression of Roeknot Nematodes by MTBHBIiofumigation

Change in soil sulfate a Root-knot nematodes b
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A Higher soil sulfate concentration in MTBP indicated higher efficacy of biofumigation than bareground (BG),
no-till (NT), macerated no-till (MNT), no-till with black plastic (NTBP), till (T), and (macerated till).
A Thus, MTBP resulted in lowest population of root-knot nematodes after a zucchini crops.

(Waisen et al., 2020 Applied Soil Ecology 154)



Using nematodes as soil health indicators
Ferris et al, 2001; Neher, 2001
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(modified from Inghanet al, 1985)
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1.0

-1.0

Fungi

First two canonical analysis explained 89.0% of variance

A Efficacy obiofumigation(indicated by

[Sulfate] Su) was negatively related to
abundance of plarparasitic nematodes
(Rk= rootknot, Reni ¥eniform, Herb =
combination of planparasitic
nematodes) but positively related to
abundance of bacterivoreB4c),
predatory nematodedred and
Enrichment index (EI = indicate soll is
enriched with nutrients).

A Thus biofumigationdid not compromise

bacterial decomposition and soil health
conditions.

(Waisen, Wang et al., 2021 Pedosphere)
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Biofumigatioron Zucchini is Affordable and
Profitable

NME RS
Plastic | Seed+ | saved from

Plastic cost/ plastic | nematode
Biofumigation | cost/row | Plastic/ft2| acre |cost/acre control Source
Sellirzilols i $40.96 $0.0171 $743.42 $804 $11,021 Hardware World

Farm Plastic
SEQHER N $448.86 $0.0224 $977.62 $1,038 $14,327 Supply

Biofumigation Zucchini yield
Solarization ﬁZO% Compared
Black plastic ﬁ 26% 0BG
|Idealcondition 33,600Ib/acre



A Zucchini nematodes
A Lettuce Fusarium Wilt

A Banana Fusarium Wilt
(Panama Wilt)

A Asparagus Crown and Root Rot

Fusarium
oxysporum f.
sp. lactuca

Rhizoctonia bottom rot
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Biofumigation with macerated brown mustard, soil incorporated + water to reach
~40% soil moisture and tarp with solarization mulch for 1 week prior to lettuce
planting Increased lettuce marketable vyield by 5 folds compared to the C and M
only.
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AN (MITC)
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‘ Brassica spp.
| (e.g. Brassica juncea, brown mustard)

1 Alternative
= Biofumgation |
' Y Papaya Ground
allyl isothiocyanate Seeds (PGS)

GIre (Braley 2022)
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PGS Preparation
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. : Dry @ 50°C

Extract seed 48hrs

N

Papaya seed

Ground papaya
seed (PGS)

4 hrs

stir

Boiling water Decrease to Centrifucati
(100 °C) 70 °C entrifugation



Effects oBiofumigatioron Lettuce

Nematodes
10 A
a F
8 - 4 7
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£
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0 0 I
Auto PGS 0.5% PGS+CE PGS 1% Auto BM PGS 0.5% PGS+CE PGS 1%
All biofumigationreduced root gall formation compared

PGS 1% and brown mustard (Bdjfumigationincreased

to no amendment (NA) control.
lettuce growth




Biofumigationreduced colonization of
Manoa lettuce root pieces bly.oxysporum

Komaddnedium

Roots with F. oxysporum
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PGS 0.5% PGS+CE PGS 1% Auto BM NA PGS 0.5% PGS+CE PGS 1%




COOPERATIVE EXTENSION
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Biofumigation for Lettuce is profitable for small
scale production provides an alternative to
fumigation on infested soll

Dry
Amendment Seed Ib)/acre
Materials Ib)/acre Price ($ of amendment| Cost ($)/acre Source

SiegersSeed

mustard 4453.5 6.1/lb seed 16.63 101.44 Company
Hardware World
mulch - 0.0171/f? - 744.88 (include shipping cost

846.32

A CommerciaManoalettuce yields:15,692Ib/acre.
A Farm gate value (NASS, 2020) of head lettuce in HI i$2101¢/b or $32,403/acre
A Biofumigation can be profitable fdanoalettuce when needed.

A Once introduced into a fieldrusariumoxysporunt. sp.lactucaewill probably remain indefinitely.
This remains a viable option for farmers once in a while when needed.



A Zucchini nematodes &
A Lettuce Fusarium Wilt

A Banana Fusarium Wilt (Panama W
A Asparagus Crown and Root Rot

Fusariunoxysporunt. sp.cubensis




Soil Drenching Solution of Organlc Compounds agalnst Panama

Treatments: (5 gal water / plant) {‘: 1
AA =Actinovate(Steptomycesydicug, % w A
AL = Lobster meal, \
AM = Mustard (ground),

ASb =Subtilex(Bacillus subtiljs
ASh= Shrimp shell meal,

AV =Vermicompostea,

AW = Water

Banana root samples oKomadaselective medium MUStard (maCel'ated)



Soil Drenching Solution of Organic Compounds against Panama

AA =Actinovate(Steptomycesydicus, 8
r— AL = Lobster meal, " A
AM = Mustard (ground) ]
. . e ABC ABC
ASb =Subtilex(Bacillus subtills | § 4 - BC ABC
‘ ASh= Shrimp shell meal, g
pe o] o ' =Vermicompostea, | o 2 -
3 L B L AW = Water | ©
‘ > A L M Sbh Sh V
if Chitosan &
FOC Purple Colonies on Komada Medium
0.9 A
0.8 - A
E 07 -
g 0.6 -
g 0.5 A AB
A Lobster meal suppressédebg 2 041
. ; S 03 -
mustard meal increased soll ° 02 v A8
. . . . . AB
microbial activities. " g l ]
29 A L M Sb sh v




Organic Soil Drench on nematodes and soil health

& (8 weeks after treatment)
™ 1 =
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AMustard resulted in lowest abundance r@iform nematodes.

ALobster and mustard increased bacterivorous &mhivorousnematodes.
AVermicompost tea increase % omnivorous nematodes.

ALobster enhanced bacteria decomposition, mustard enhanced fungal decomposition.



Banana Fusarium W(Hflsariurmxysporurri. sp.cubenseFog

A Biofumigation with brown mustard +
soil drenching enhance bacterial and
fungal decomposition at 2 months after
treatment. Thus, improving soil
nutrient cycling.

A At the standard banana yield of

ActinovateAG 6.0 ozacre 117/180z 3.34 elected price of $1.104 (~$24,288

_ $33,1204r), combination of both
Subtilex® NG 0.4 ozacre 120/2 oz 2.06 crustacean meal and brown mustard
Shrimp shell meal 35.0 1b/1000 ft2 37.81/15 Ib 329.40 amendment can still be affordable an

Crustacean meal 35.0 1b/1000 ft2 52/40 Ib 169.88 worthwhile.
Brown mustard 1.7 Ib/plant 6.1/lb seed 16.07
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http://www.hawaiitropicalfruitgrowers.org/conferences/2019/2019 Crop Insurance for Banana Flye




