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Alternatives to pesticides are in need

* Insecticide resistant pest b,m-'n“t'tmologyz (Tabashnik et al. 2008)
populations are increasing. m - T

o Bt only kill 25-33% of Bt-resistant
diamondback moth compare to 100% kill of Bl -
the susceptible population (Tabasnik 1990).
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* Some insect pests are cryptic

o pickleworm
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» Effective fruit flies management
require area-wide collaboration
(Vargas et al., 2008).
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Farmscaping with

* Insectary plants

* Cover crops




Insectary Plants

Plants that attract insects, either by producing
abundant flowers with pollen and nectar for
beneficial insects, or by luring insect pests away
from the cash crop.

Lady beetles
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Functions of insectary plants

Provide nectar and pollen for many beneficial insects which are
critical for the survival, development and reproductive success of
many natural enemy species such as hoverflies and parasitoids

(Cowgill et al., 1993; Lavandero et al., 2005; Hogg et al., 2011),

Ground cover type insectary plants provide habitats for ground
surface arthropods, which are food for spiders (Taylor and
Pfannenstiel, 2008).

Some plants produce Extra-Floral Nectaries (nectar glands not
associated with flowers). Parasitic and predatory insects use extrafloral
nectaries as food sources and mating sites during periods when few
plants are in bloom (drought or early spring). Peonies, sweet potato,
bachelor button and lima bean are examples of plants with extrafloral
nectaries located on various parts of the plant.

http://www.extension.org/pages/18573/tarmscaping:-making-use-of-natures-pest-

management-services#.UuPnarRujIU



Exira-floral Nectarines

» Extra-Floral Nectarines = nectar glands not associated with
flowers.

* Good for attracting beneficial insects when most flowers
are not in bloom.
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Parasitic /Parasitoid of Insect Pests

« Tachinid fly larvae are
endoparasites (internal
parasites) of caterpillars of
butterflies and moths, larvae and
adult of beetles, and etc.

« Trichogramma wasps: Female
wasps inject their own eggs into
the egg of > 200 spp. of insect
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pests (mostly moths or Trichoglmmma
/ " wasps lay eggs
,\ / butterflies), and her larvae ors o J
\\/ consume the embryo and other i earworm egg. \ /
| A ff contents of the egg. WA



//upload.wikimedia.org/wikipedia/commons/5/52/Thomas_Bresson_-_Tachina_fera_(by).JPG

Braconid Wasp

* The Braconid wasp is among the most important of
the aphid parasites, as well as, the larvae of
butterflies, Sawflies, moths and many beetles. If you
see any hornworms or caterpillars with cocoons
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covering it, don't remove it from your garden, it has
I\ been parasitized. This wasp will attack various
i caterpillars or aphids. The adults feed on the nectar .
\\/\ ! \ from the flowers of weeds and flowers of the daisy \ [
J b A A P (Chrysanthemum) and carrot (Umbellifers) families. ™\~“ % a(
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http://www.organicgardeninfo.com/beneficial-insectary-plants.html

Lady beetle (Cycloneda sp. ) f

* The lady beetle, both the
larvae and adult, eat aphids,
scales, and mealybugs.

HainaAi V15: Not all lady beetles are created equal
http://www.ctahr hawaii.edu/WangKH/Downloads/LB-Poster.pdf

Plants that attract lady beetle:

® Marigolds
" ® Mexican Tea" (Chenopodium ambrosioides)
/\ ) ® Morning Glory (Convolvulus minor) ~d
\\/ / m Oleander (Nerium oleander) Mexican T.eaW
W i \ = Yarrow (Achillea spp.) (Chenopodium

ambrosioides)



http://www.hear.org/starr/images/image/?q=070308-5259&o=plants
http://www.hear.org/starr/images/image/?q=031108-0212&o=plants

Green Lacewing (Chrysopa sp.)

* The lacewings, both the adult
and the larvae eat aphids,
various larvae and the eggs of
other insects.

Plants attract lacewing
m Carrot (Daucus sp.)
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® Oleander (Nerium oleander)

,\ . ® Red Cosmos

/\ | \ m Wild Lettuce (Lactuca sp.)
(o .
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Hover Fly

« Syrphid (Hover) fly larvae feed
on soft-bodied insects,
particularly aphids. Adults feed

y Hoverflies
on pollen, nectar, or aphids’ Hoverflies on on cilantro

honeyd ew buckwheat
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Minute Pirate Bug (Orius sp.)

Adult, and nymph of
minute pirate bug will
eat aphids, spider mites,

Macaranga plant

Thrips are always found associated with flowers of
macaranga plant in Hawaii. Thrips help pollinate the
flowers, but also serve as preys of minute pirate |
bugs. Thus, minute pirate bugs are commonly found
on macaranga flowers, especially the male flowers.




Criteria of Ideal Insectary Plants

Attractiveness to beneficial insects present in the agroecosystem
Early and long blooming period

Low potential to host crop viruses or attract pest species

Low potential to become weeds

Low seed cost and easy establishment

Ability to trap or lure insect pests from cash crop, while attracting
natural enemies of insect pests to feed on the target preys

(Hogg et al., 2011)



Healthy Diverse Ecosystems Help to Keep Pathogens in Check

Farmscaping

* FARMSCAPING is designing and
managing farm landscapes to achieve a
specific purpose, such as creating
habitat for beneficial arthropods that
provide crop pollination or crop
orotection, rotating crops to break pest
cycles or enhance on-farm diversity, or
managing buffers to protect water
quality or reduce soil erosion.

= WA

lowatem.

Not to Scale

Excerpted From: A Farmer’s Guide to Food Safety and Conservation published by WFA and CAFF, Oct. 2013




Farmscaping to Enhance Biodiversity

3

O Monoculture
production has lead

to low biodiversity in

v b 0 S ) agroecosystem.

g | 458 O Low plant
biodiversity often
resulted in low
diversity and
abundance of natural

enemies.
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How to Integrate insectary plants
Into farms?

2. As intercrop

1. As border cro

57 am aoc SANEIA AT 1 Y 25
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Buckwheat and zucchini

4. Sunn hemp no-till (surface mulch) &
% i Cowpea & buckwheat as border crop
@.% in onion plot 3.




1. Insectary Border For Hydroponic/
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WASPS NESTING BLOCK

Pollinators

Predators

Key hole Wasp

http://bugguide.net/node/view/241212
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COMPARING INSECTARY
SETTINGS AND METALLIC
REPELLANT FOR
HYDROPONIC BRASSICA
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Beneficial Insects Found In  Insectary setting suppressed
Insecta ry Treatment aphids and caterpillar damage
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Insectary Settings Reduced

Unmarketable Pak Choi, but did not
protect it against Thrips and

Whiteflies
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How to Integrate insectary plants Into farms?

1. As 2. As

border ‘/ inter-
Crop

Crop . Y
Buckwheat and zucchini
living living
mulch m u1 Ch

(Roshan Manandhar)

3. 4,
Surface /
Insectary . /
. organlc
corridor mulch > (




Virus Sink Hypothesis

Barrier Crop

virus particle
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Sunn hemp serves as trap crop for whiteflies,
thus reducing silverleaf symptomatic zucchini

Zucchini in bare ground

Si

erleaf symptom



Effect of Sunn Hemp Living Mulch on Silver leaf and Viral
Symptomatic Plants on Zucchini

Silver Leaf Symptomatic Plants

3.0

EN 21 DAP
/1 28 DAP
I 35 DAP

25 - Plants showing viral symptom

2.0 ~

Mean silver leaf infestation rate

80
1.5 —
g EEEE 21 DAP
[=) /3 28 DAP
1.0 Q ., | EEEE 35DAP
=
>
n
0.5 - =
-S ]
I\ oo I H I = 497
Bareground Sunnhemp i
! = —
\\/\r % \ ) S 20 -
\" \ HC_)
o
) pe 0 T - T

Bareground Sunnhemp




How to Integrate insectary plants Into farms?

1. As 2. As
border inter-
crop Crop N
Buckwheat and zucchini
a. Low b Tall
living vi1iving
mulch m u1 Ch

(Roshan Manandhar)

3. 4,
Surface /
Insectary . /
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Intercrop as Living I\/Iulch

Sunn hemp

* Lycaenidae butterfly is a common
pest of sunn hemp. It lays eggs on
sunn hemp flower. However, this
attracts Trichogramma wasp to come
and parasitize Lycaenidae eggs.

« Thus, sunn hemp act indirectly as an
Insectary plants for this parasitic
wasp, Trichogramma.

Lycemdae bﬁtterﬂy
on sunn hemp

Eggs of Trichogramma ‘\ ,

Lycae.n.idaccle bbeing wasps lay eggs
parasitized by on a corn 7%
\h \\ =, (

Trichogramma . earworm egg. =\ | \
inside sunn hemp \ NN T4
K. Clark UC IPM Project A

flower

(Roshan Manandhar)



3. Intercropping SH with Corn

Better timing on flowering

 If sunn hemp is intercropping with corn so that sunn
hemp blooms during the time when corn are establishing,
% parasitism of corn ear worms by Trichogramma is
significantly increased compared to corn planted in the
bare ground (Manandhar, personal communication).
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How to Integrate insectary plants Into farms?

1 As 2. As

border Inter-
crop crop

W
Buckwheat and zucchini

a. Low b. Tall
living living
mulch mulch

(Roshan Manandhar)

3 ] / 4
Surface /
Insectary . /
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corridor mulch > (




4. Insectary border & Surface Organic Mulch

Hover flies
I

;on
buckwheat :
flower P , | |
~\ SH (No-till) SHSol if
\ P .
\f ~  Cowpea and buckwheat serve as insectary borders WA (

1\ Sunn hemp terminated by flail mowing serve as surface organic mulch /.17~




Insectary border & Surface Organic Mulch

Reduced insect pests and purple blotch caused by water splashing of Alternaria porri.

Contrast Analysis P
SH vs NoSH 0.01 Contrast Analysis P =BG

Till vs No-Till 0.01 SH vs NoSH 0.05
Till vs No-Till 0.05 m SH (No-Till)

N
S
1

Contrast Analysis P
SH vs NoSH NS
Till vs No-Till ~ 0.05

H SHSol

% Damage
N He
o o

M Sol

Thrips Leaf miner Purple blotch

,\ { % Damage = % leaves with damage symptom ,\

1 BG = bare ground/till/insecticides spray;
A SH = sunn hemp cover cropping/no-till/insectary borders; \

| QAN /PSSR f- Sol = till/solarization; v\ r
N A SHSol = sunn hemp cover cropping/till/solarization (with insectary borders) ‘ | A




Insectary border & Surface Organic Mulch

Increase beneficial arthropods that are natural enemies of pests and helping in nutrient cycling.

Contrast Analysis P
SH vs NoSH O 01
Till vs No-Till

10 - W Contrast Analysis P m SH (No-Till)
Contrast Analysis P SH vs NoSH NS
SH vs NoSH 0.01 Till vs No-Till ~ 0.05 m SHSol
5 7 Tillvs No-Till  0.05 . .
— s N I [ P

m BG

No. in pitfall traps/sticky trap

0 -
A
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r 4 SH = sunn hemp cover cropping/no-till/insectary borders; WA V2 (
Y| /P el f- Sol = till/solarization; \ \‘ Al 7,

LN SHSol = sunn hemp cover cropping/till/solarization (with insectary borders) |




Insectary border & Solarization Mulch

Reduced weed seed bank and avoid weed seeds flying in to the green onion plot.

Contrast F value Contrast F value
SH vs no SH 2.9 —ISHvsnoSH 0O
2500 T 50l vsno Sol  50.4** - 390 T'sol vs no Sol 28.4" Bg C
Til vsno till 11.7** % BG = Til vsnotil  9.4* o
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@ 2000 - x —m—SH 1
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Insectary border & Surface Organic Mulch

Hover flies

lon

buckwheat

SH(Nodﬂn

Cowpea and buckwheat
serve as insectary borders Insectary border reduce weed se ds v

encroaching from outside the Iot N




Insectary border & Surface Organic Mulch

Solarization reduced plant-parasitic nematodes initially, but not at harvest.

4000 - um BG ®mSH (No-Till) mSHSol m Sol

3000 -

Contrast Analysis P
Sol vs No Sol 0.05
Till vs No-Till 0.01

2000 - Contrast Analysis P
Sol vs No Sol 0.01
1000 - Till vs No-Till ~ 0.05

O_"

No. nematodes/250 cm?3 soil

Root-knot 2013 Pi Root-knot 2013 Pf PPN 2014 Pi PPN 2014 Pf
,\ | / PPN = Total plant-parasitic nematodes A
\\\ / | BG = bare ground/till/insecticides spray; \ /
‘ \){ r 2 SH = sunn hemp cover cropping/no-till/insectary borders; 8

1Y (' Sol = till/solarization; v\ r
LY SHSol = sunn hemp cover cropping/till/solarization (with insectary borders) \! “;i'ii




Insectary border & Surface Organic Mulch

Sunn hemp (till or no-till) enriched soil nutrient cycling as indicated by nematode community
indices (El=enrichment index) throughout 2013 onion crop, solarization reduced El in 2014.

Contrast Analysis P Contrast Analysis P
100 “+SHvsNoSH  0.01 SHvsNoSH  0.05 L
80 - Till vs ETIH 0.01 " Till vs No-Till 0.05 Contrast Analysis P
= Sol vs No Sol 0.05 m SH (No-Till)
X 60 -
= - B SHSol
20 - M Sol
' 0 -
El 2013 El 2013 El 2014
/\ At planting At harvest Entire crop
/~ [ EIl % = % leaves with damage symptom Vs
\\ J \ BG = bare ground/till/insecticides spray; \ /
| )f A SH = sunn hemp cover cropping/no-till/insectary borders; 7N >

| QAN /PSSR f- Sol = till/solarization; v\ r
N A SHSol = sunn hemp cover cropping/till/solarization (with insectary borders) ‘ | A
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Insectary border & Surface Organic Mulch

Nutrient enrichment and arthropod pest suppression from sunn hemp
(till or no-till) with insectary borders improved onion yield.

Green onion yield (kg/plot)

1

e
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Analysis 2013 Analysis December 2014
Contrast F values Contrast F values
SHvsno5H 64.2%* SH vs no 5H 26.2%*
SolvsnoSol 0.1 Solvsno Sol  11.4%*
Till vs no Till  25.2%* Till vs no Till  45.9%*
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Sep-30-2013
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Other benefits of insectary plants?

Pollinators
visiting sunn
hemp flowers

Sweat be

Leaf cutter
+ Sweat bee

\ | £y
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Carpenter bee

Green bee

Leaf cutter +
honey bee




Farmscaping with

* Insectary plants

v« Cover crops against plant-parasitic
nematodes




Cover Crops with Allelopathic Compounds
against Plant-parasitic Nematodes

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

Brown mustard (Brassica
juncea) -- glucosinolate

\\/ | Sunn hemp S o S,

\JJ 1 \ g Crotalaria juncea French Marigold

17~ ‘1}/f' gagavcrotarine Tagetes patula ~ Sorghum-sudangrass
I i

. erthin -- Dhurrin




Biofumigation

Myrosinase-Glucosinolate System
Plant Cell Defense
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L Myrosinase

cell wall e ®
cell membrane . W 'f\\\\
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‘Caliente 199" Brown mustard c "
(Brassica juncea) —— LA
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N S Gy o . O (Raphanus satigus) |
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Mechanisms of Brassicaceae cover crops
against plant-parasitic nematodes

* Biofumigation
* Irap cropping

* 501l health improvement




Trap Cropping Effect
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Trap Cropping

Root-knot nematode (Meloidogyne spp.)

mJ4 Important to terminate trap crop
25 N prior to nematode reaching egg-
ra g a laying female stage (4-5 weeks
S 20 - = . :
= 2 after planting mustard or oil
%) S .
2 15 -~ o radish).
®
S 10 i
© 7 g
’ = 5
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Cover cropping
for 4-5 weeks

Tissue
maceration

Soil




Web resources

Videos Volume 21: Sept | Oct | Nov 2016
Author: Moore € Number of views: 1010

* Partl:
https://www.youtube.com/watch?

|NSECTARY | v=BsN_3IC35wg&feature=youtu.be Hanai‘Aj
PLANTS FOR | . part 11 —
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