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3 sisters shared co-evolutionary history




Complementary traits:
facilitation & reduction
competition
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Important traits associated with the Milpa crops

Maize

* Provides structure
for climbing beans

» Direct defenses
» Benzoxazinoids
exudates

* Indirect defenses
» HIPVs known to
attract
parasitoids

Schematic representation on the Milpa agricultural system with the three sisters: maize, beans and squash, and the above and belowground
communities associated with this system. Made by Nicolas Marguier




Important traits associated with the Milpa crops

Beans

* Symbioses with
nitrogen-fixing

rhizobia
. * Indirect defense
-M-a—'z—e- « Extrafloral
nectar that
* Provides structure attracts ants,
for climbing beans parasitoids
and other
* Direct defenses 'bodyguards’

» Benzoxazinoids
exudates

* Indirect defenses
» HIPVs known to
attract
parasitoids

Schematic representation on the Milpa agricultural system with the three sisters: maize, beans and squash, and the above and belowground
communities associated with this system. Made by Nicolas Marguier




Important traits associated with the Milpa crops

Beans

* Symbioses with
nitrogen-fixing

rhizobia
. * Indirect defense
-M—(ng- « Extrafloral
nectar that
* Provides structure attracts ants,
for climbing beans parasitoids
. and other
* Direct defenses 'bodyguards’
» Benzoxazinoids
exudates Sq uash

* Indirect defenses
» HIPVs known to
attract
parasitoids

* Large leaves that
help retain soil
moisture and
reduce weed
growth

» Direct defenses
* Trichomes

Schematic representation on the Milpa agricultural system with the three sisters: maize, beans and squash, and the above and belowground
communities associated with this system. Made by Nicolas Marguier




Primary Questions

1. What is the effect of crop diversity
on yield?

2. What is the effect of crop diversity
on the abundance and diversity of
the insect community?

3. What are some mechanisms
underlying these patterns?
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What is the effect of crop diversity on yield?
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What is the effect of crop diversity on yield?

Conclusion:

Overall milpa was more productive
than monocultures




What is the effect of crop diversity on the «a
abundance and diversity of the insect community?

»




Predictions regarding effects of crop
diversification

1. Fewer herbivores, more natural
enemies in polycultures

2. Greater diversity in polycultures

Matia Haim Muller



Predictions regarding effects of crop Experimental design
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Predictions regarding effects of crop

diversification

1. Fewer herbivores, more natural
enemies in polycultures

2. Greater diversity in polycultures

Matia Haim Muller.

Raul Gonzalez

Experimental design
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Predictions regarding effects of crop
diversification

1. Fewer herbivores, more natural
enemies in polycultures
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Predictions regarding effects of crop
diversification

2. Greater diversity in polycultures

Herbivores Natural enemies
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Predictions regarding effects of crop

diversification
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What is driving this diversity?

More diversity because of
1) Independent effects from each crop
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] o ] ] ] Negative additivity
What is driving this diversity? .
More diversity because of
1) Independent effects from each crop
2) Effects of interactions between crops
(non-additivity)
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What is driving this diversity?
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More diversity than
predicted

Evidence of positive
non-additive effects
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log(Homoptera abundance)
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log(Homoptera abundance)

Potential example of associational resistance: In
the presence of maize, fewer homopteran pests
on sguash
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What is the effect of crop diversity on the
abundance and diversity of the insect community?

Conclusion:

Greater diversity for both natural enemies and
their herbivores — even more than predicted

One example of associational resistance were
the presence of one crop reduced the
vulnerability of another

Tdiversity of predators = T pest regulation

(Crowder et al. 2010 Nature)



What are some mechanisms underlying these
patterns?

Important traits associated with the Milpa crops
Beans
* Symbioses with

nitrogen-fixing
rhizobia

. » Indirect defense
Maize « Extrafloral
nectar that
* Provides structure attracts ants,
for climbing beans parasitoids
and other
* Direct defenses 'bodyguards’
» Benzoxazinoids
exudates Sq uash

o Indirect defenses

< + HIPVs known to * Large leaves that

help retain soil
moisture and
reduce weed
growth

attract
parasitoids

» Direct defenses
* Trichomes
* Cucurbitacins

Schematic representation on the Milpa agricultural system with the three sisters: maize, beans and squash, and the above and belowground
communities associated with this system. Made by Nicolas Marguier




Do predatory wasps use maize odors to
locate prey?

?7??
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Dr. Ted Turlings
University of Neuchatel

Attraction to herbivore induced plant volatiles
(HIPVs) is well established in parasitic wasps
(Turlings et al. Nature 1990, 1992).
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Dr. Carlos Bustos-Segura



Odors and predatory wasps
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Odors and predatory wasps

100+

751

501

251

Probability of first caterpillar attack

MD+0S

D Sy e
¥ ¥ ¥ ¥—

Controls Plant volatiles

Grof-Tisza et al. In review Functional Ecology

Treatment

® CN

® OS

® MD
MD+QOS

Induced by
oral secretion

Collection of maize volatiles

Predatory wasps use HIPVs to locate prey



What are some mechanisms underlying these

patterns?

Important traits associated with the Milpa crops
Beans
* Symbioses with

nitrogen-fixing
rhizobia

» Indirect defense

Maize « Extrafloral
nectar that
* Provides structure attracts ants,
for climbing beans parasitoids
and other
* Direct defenses 'bodyguards’
» Benzoxazinoids
exudates Squash

o Indirect defenses

» HIPVs known to
attract

parasitoids

* Large leaves that
help retain soil
moisture and
reduce weed
growth

» Direct defenses
* Trichomes
* Cucurbitacins

Schematic representation on the Milpa agricultural system with the three sisters: maize, beans and squash, and the above and belowground
communities associated with this system. Made by Nicolas Marguier
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Important traits associated with the Milpa crops
Beans
* Symbioses with

nitrogen-fixing
rhizobia

ndirect defense
+ Extrafloral
nectar that
attracts ants,
parasitoids
and other
'bodyguards’

Squash

Maize

* Provides structure
for climbing beans

» Direct defenses
» Benzoxazinoids
exudates

o Indirect defenses

* HIPVs known to * Large leaves that

help retain soil

arirack moisture and
parasitoids
reduce weed
growth

» Direct defenses
* Trichomes
* Cucurbitacins

Schematic representation on the Milpa agricultural system with the three sisters: maize, beans and squash, and the above and belowground
communities associated with this system. Made by Nicolas Marguier







Importance of agroforestry: Indirect defenses
of milpa depend on trees!

—




What are some mechanisms underlying these
patterns?

Conclusions: many mechanisms are consistent with patterns at larger
scales and those predicted by long-held hypothesis

Additional mechanisms to test!



Broader Implications

Insects have declined by 75% in the past 50
years

30% of crop production on 24% of
agricultural land is comprised of small-
holder agriculture

The preservation of low-input polycultures
and small-holder agroforestry systems as a
strategy to sustain biodiversity while
leveraging natural pest control

PNAS 2021 Vol. 118 No. 2 e2023989118

Interaction Disruption

Climate change is affecting
ranges globatly. Here ants are
invading and consuming
wildlife in doud forest never
bedore sxposed 1o these
maraudan.

Nitrification

Fentilzar and producs of fossd
fuels combuston ane nitrifying the
planet, chalengng the biotas
adapted 1o low nutrient
concitions.

Pollution

Chemical, light, and sound
pollution of water, air, and soil are
impacting plant and animal life
worldwide

Global Warming

Fire Arctic sea ice is declining precipitously, arctic-aipine

and other cold-adapted communities are

Global warming elevates

fira risk. Fires in Australin, acosystems

Amazonia, and Calfornia Storm Intensity
bumed an unprecedented
>5 million hectares of

forest in 2019

Climate changes bring stronger, more
fraquent storms and hurricanes; more
fre-igniting lightning; and damaging
‘ fiooding

-

DEATH BY A
THOUSAND CUTS

contracting, while seadevel rise threatens coasstal

Droughts

Pariods with diminished
pracpation are bacoming
longer, more frequent, and
warmer, with grave

| consequences for ali life

GLOBAL THREATS,TO INSECTS

Introduced Species

Global trade Is accelerating th Agricultural
movement of pemicious plan Intensification

animals, and pathogens to ne

Urbanization

Our global population of 7.8 billion
spread planet-wide, comes at great
cost to biodwersity and wildlands
Already, over 500 vertebrates have
been driven to extincbon

regions-often with devastating
consequences

Industrinlized sgncutture, with
it amtendant increases in scale,
monoculturalization, nutrlent
input, and pesticide use, 5
becoming increasingly nature
unfriendly.

Deforestation

The tropics lost 11,9 millon
hectares of forast in 2019, mostly to
agnculture

Insecticides

Maodam, industrialized agriculture,
with its increasing refiance on
chemical insecticides, has jed to
chronic contamination of wildlands -
and IMpacts 1o non-Larget insects,




Thanks, Gracias, Danke, Merci
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Why should we care about plant
communication and induced-
defenses?

Application?
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MescAmerica

Fihiopia India

Vavilov's Eight Centers
of Crop Origin




