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Nice Complementarity 

Low High

Complementary traits:
facilitation & reduction  
competition  
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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?

Conclusion:

Overall milpa was more productive 
than monocultures



What is the effect of crop diversity on the 
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 
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Predictions regarding effects of crop 
diversification

1. Fewer herbivores, more natural 
enemies in polycultures



Predictions regarding effects of crop 
diversification

2.  Greater diversity in polycultures 

Grof-Tisza and Muller et al. In revision Agriculture Ecosystem and the Environment 



Predictions regarding effects of crop 
diversification

2.  Greater diversity in polycultures 

Grof-Tisza and Muller et al. In revision Agriculture Ecosystem and the Environment 

High Shannon’s D Low Shannon’s D



What is driving this diversity?

More diversity because of

1) Independent effects from each crop
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More diversity because of

1) Independent effects from each crop

2) Effects of interactions between crops
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Interactions 

Negative additivity 

What is driving this diversity?



Moderately 
insignificant effect of 
positive non-additivity 
for herbivores

Observed Predicted Observed Predicted

P = 0.08

Predicted = Predicted polyculture 
based on observations of 
monocultures

What is driving this diversity?



More diversity than 
predicted 

Evidence of positive 
non-additive effects

Obs Pred Obs Pred Obs Pred Obs Pred



More diversity than 
predicted by simulation

Evidence of additive 
effects

Obs Pred Obs Pred Obs Pred Obs Pred



Potential example of associational resistance: In 
the presence of maize, fewer homopteran pests 
on squash

More diversity than 
predicted by simulation

Evidence of additive 
effects

Obs Pred Obs Pred Obs Pred Obs Pred

Reduction of dominant pest in biculture = Higher Shannon’s diversity (evenness)



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

diversity of predators  =      pest regulation 
(Crowder et al. 2010 Nature)



What are some mechanisms underlying these 
patterns? 



???

Do predatory wasps use maize odors to 
locate prey?

Dr. Ted Turlings

Dr. Carlos Bustos-Segura

University of Neuchâtel

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



Odors and predatory wasps

OS Cntrl

MD MD+OS

a
a

b

c

0

25

50

75

100

CN OS MD MD+OS

P
ro

b
a

b
ili

ty
 o

f 
fi
rs

t 
c
a

te
rp

ill
a

r 
a

tt
a

c
k

Treatment

CN

OS

MD

MD+OS

Grof-Tisza et al. In review Functional Ecology

Controls Plant volatiles
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oral secretion 
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Induced by 
oral secretion 

Collection of maize volatiles 

Predatory wasps use HIPVs to locate prey



What are some mechanisms underlying these 
patterns? 
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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



Thanks, Gracias, Danke, Merci

Neuchatel platform of 

analytical chemistry (NPAC)



Why should we care about plant 
communication and induced-
defenses?

Application?




