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Soybean Aphid Aphis glycines Matsumura 
(Homoptera: Aphididae) in North America

 Invasive species detected 
in 2000,  now present in 
19 States on 20M ha

 40 to 50% yield loss 
potential

 >$90M spray cost in 2003

 Biocontrol potential?
• Evidence of top-down 

regulation (Fox, Landis, et al. 
2004. Environ Entom, in press.

• Evidence of bottom-up 
regulation (van den Berg et al. 
1997. J. Appl. Ecol. 34: 971-984)

DamageSoybean aphid

Presenter
Presentation Notes
The soybean aphid, A. glycines is an new major pest originally from Asia, that was detected in the United States for the first time in 2000 in Wisconsin.Since that, it has extended its distribution to 19 states of the United States and 3 Canadian provinces.It causes direct damage by sap removal and indirect damage by facilitating the presence of sooty mold. It is also a potential vector of at least 6 viruses, and yield losses of up to 40% in the US and 50% in China have been documented .In the soybean aphid system we have observed evidence of top-down control by generalist predators (by the work done by Fox et al) and some evidence of bottom-up control based on the effect of plant phenology by the work done by van den Berg et al. 



Herbivore Regulation

herbivore

producer

natural
enemiesTop-down

Bottom-up

Costamagna & Landis 2003

Generalist predators (18+2); 
also 3+2 Hymenoptera 
parasitoids

Presenter
Presentation Notes
Good afternoon, thank you very much for coming.Herbivore population regulation is postulated to occur by two different types of forces: top-down effects of natural enemy assemblages and bottom-up effects via impacts host plant resources on herbivore population growth.There is a growing consensus among ecologists that these forces interact in complex ways to regulate herbivore population size, and recent efforts have focused on estimating their relative importance in different systemsMy objective was to establish the relative importance of top-down versus bottom-up effects on the regulation of a new invasive herbivore, the soybean aphid A. glycines



 14 years of differential agronomic 
management shows:
1) differences in predator 

assemblages (Clark et al. 1997. Environ. 
Entomol.; Colunga-Garcia & Gage 1998. 
Environ. Entomol.)

2) potential differences in host plant 
quality (4 soybean management 
regimes)

3) landscape effects on colonization & 
survivorship:
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KBS LTER Main Site 

Presenter
Presentation Notes
The lter site at kbs provides an unique opportunity to test bottom-up versus top-down regulation of the soybean aphid.It is a 42 ha area that has 7 treatments replicated 6 times representing a gradient from conventional agriculture to secondary succession. Four of the treatments are agricultural and span a wide range of management practices, from conventional high input to zero chemical input systems.The sites follows a rotation of soybean – wheat– corn, with 2003 corresponding to a soybean year.The site has undergone 14 years of these management practices, generating differences in predator assemblages and potentially in host plant quality among treatments 



 Naturally occurring aphids and predators removed from all cages 

 110 aphids per cage, on 10 random plants

Aphids counted at 6 and 14 days 

 Split-Split-Plot Design: 

• Agronomic management as whole-plot factor

• Predator manipulation and time as sub-plot factors

Predator exclusion cage Sham No cage

Predator Manipulation Experiments

Presenter
Presentation Notes
Within each 1 ha plot, I assigned 3 predator manipulation treatmentsA predator exclusion cage consisting of a 1 m cubic frame of side covered by fine mesh on the upper part and a plastic barrier on the bottom.To control for cage effects we included a sham cage that was exactly the same as the exclusion but with side openings at the canopy and the ground level, that allow foliar and ground dwelling predator movementFinally we included a 1 m sq as the no cage treatmentIn all treatments we removed resident predators and aphid and infested them at a rate of 110 aphids per m sq evenly distributed on ten randomly selected plantsThis level mimicked the aphid natural population level at that timeTotal aphids were counted on plants 6 and 14 days after infestation respectivelyTreatments were assigned following a split split plot design, with agronomic treatments as a whole plot factor and predator manipulation and time as sub plot factors.To meet the assumptions of the ANOVA, data were log-transformed before analysis



2003 Findings

1) Field populations of A. glycines
differ among agronomic 
treatments, as does A. glycines
growth rate (bottom-up 
regulation)

2) A. glycines population growth is 
strongly influenced by predation 
(top-down regulation).

Costamagna & Landis 2003

Presenter
Presentation Notes
Based on these results, I rejected each of the null hypotheses:Field populations of both aphids and predators did differ significantly among agronomic treatmentsAgronomic treatments affected aphid population growth when predator impacts were excluded,And predators significantly reduced aphid populations in all agronomic treatments



Conclusion: Strong Biocontrol Potential
if system managed for biodiversity (ecosys serv)
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Generalist
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3 – 7  x

1.5 – 2  x

Costamagna & Landis 2003

Presenter
Presentation Notes
Our data show evidence of a relatively weak bottom up effect that resulted in aphid populations that varied 1.5 to 2 fold as a result of soybean production practicesHowever, I did find strong evidence of important top down control by generalist predators, with aphid populations reduced 3 to 7 times when where exposed to predators in comparison of controls.These results suggest that the assemblage of generalist predators could significantly impact soybean aphid population over a wide variety of agronomic practices.Further work needs to expand these findings searching for potential different interactions between agronomic practices and generalist predators that could contribute to generate optimal aphid regulation



Atmospheric 
concentrations of 
biogenic trace gases 
from 1000 AD

From IPCC (2001)



Major Potential Sources of Global Warming
Impact in Field Crop Ecosystems

 Soil carbon change
 Fuel use
 Nitrogen fertilizer
 Lime (carbonate) inputs
 N2O flux
 CH4 flux (oxidation & 

emission)



Global Warming Potential (GWP)
Biogenic Gases

Global Warming Potential
20 yr 100 yr 500 yr

Lifetime
yr

CO2 variable 1 1 1

CH4 12 62 23 7

N2O 114 275 296 156

Source: IPCC 2001



Anthropogenic Sources of 
Methane and Nitrous Oxide Globally

Total Impact   2.0 Pg Cequiv 1.2 Pg Cequiv

Source IPCC 2001; from Robertson 2004

(compare to fossil fuel CO2 loading = 3.3 PgC per year)

Industry Industry
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Presenter
Presentation Notes
Important Points:Human-caused impacts on the concentrations of methane and nitrous oxide in the atmosphere are huge, on the same order of importance as the annual increase in atmospheric CO2 from fossil fuel use (about 3 petagrams carbon per year)Agriculture dominates both fluxes: >50% of methane and >75% of nitrous oxide are from agricultural sourcesThere is thus a huge potential for agriculture to contribute to greenhouse gas mitigation.For additional information: Phil Robertson; robertson@kbs.msu.edu; 269 / 671-2267.



KBS Long-Term Ecological Research (LTER) Site

Annual Crops (Corn - Soybean - Wheat)
Conventional tillage High
No-till
Low-input with legume cover
Organic with legume cover

Perennial Crops
Alfalfa
Poplar trees

Successional Communities
Early successional old field
Mid successional old field
Late successional forest Low

Ecosystem Type Management Intensity



Soil-C N-Fert Lime Fuel N2O CH4 Net
g CO2 -equiv / m2 / y

Annual Crops
Conventional tillage 0 27 23 16 52 -4 114

Global Warming Impact of Field Crop Activities

NB
a. Soil C is at equilibrium (no annual change)
b. N2O is single largest source of GWP
c. Net impact >100 g CO2-equiv m-2 y-1

Presenter
Presentation Notes
 



Soil-C N-Fert Lime Fuel N2O CH4 Net
g CO2 -equiv / m2 / y

Annual Crops
Conventional tillage 0 27 23 16 52 -4 114
No-Till -110 27 34 12 56 -5 14

Global Warming Impact of Field Crop Activities

NB
a. No-till C gain provides substantial mitigation
b. Other sources (including N2O) similar
c. Net impact <<100 g CO2-equiv m-2 y-1



Soil-C N-Fert Lime Fuel N2O CH4 Net
g CO2 -equiv / m2 / y

Annual Crops
Conventional tillage 0 27 23 16 52 -4 114
No-Till -110 27 34 12 56 -5 14
Organic with cover -29 0 0 19 56 -5 41

Global Warming Impact of Field Crop Activities

NB
a. Some C gain even with more cultivation
b. Gains from no inputs, but no N2O benefit, 
c. Net impact <100 g CO2-equiv m-2 y-1



Soil-C N-Fert Lime Fuel N2O CH4 Net

g CO2 -equiv / m2 / y
Annual Crops

Conventional tillage 0 27 23 16 52 -4 114
No-till -110 27 34 12 56 -5 14
Organic with cover -29 0 0 19 56 -5 41

Successional Communities (CRP)
Early successional -220 0 0 0 15 -6 -211
Mid-successional -32 0 0 0 16 -15 -31
Late successional forest 0 0 0 0 21 -25 -4

Robertson et al. Science 289:1922-1925 (2000)

Global Warming Impact of Field Crop Activities

NB
a. Huge soil C gain early in succession, but in late 

succession equilibrates to 0
b. N2O fluxes low throughout (low nitrate availability)
c. Net impact high early, neutral late



Net Global Warming Impact of Managed and 
Unmanaged Ecosystems at KBS



N2O Flux vs. Soil Nitrate Across 
Disturbance Gradient



4 Replicate blocks

9 Levels of N (28% UAN)

0 kg N/ha/yr

292 kg N/ha/yr

134 kg N/ha/yr

Continuous corn

Best management

Nitrogen Rate Study



N2O flux

Grain yield

Nonlinear Response of N2O to N Availability

20022001

YieldYield

N2ON2O



N2O - Yield Threshold

McSwiney and Robertson, submitted



Potential CO2 Stabilization Options
Rapidly Deployable
• Biomass co-fire electric generation
• Cogeneration (small scale)
• Hydropower
• Natural Gas Combined cycle
• Niche options (geothermal, 

small scale solar)

Not Rapidly Deployable
• Integrated photovoltaics
• Forest management
• Ocean fertilization

• Carbon sequestration in 
agricultural soils

• Improved appliance efficiency
• Improved buildings
• Improved vehicle efficiency
• Non-CO2 gas abatement from 

industry
• Non-CO2 gas abatement from 

agriculture
• Reforestation
• Stratospheric sulfates

• Biomass to hydrogen
• Biomass to fuel
• Cessation of deforestation
• Energy-efficient urban and

transportation systems
• Fossil-fuel C separation with 

geologic or ocean storage
• High efficiency coal technology
• Large-scale solar
• Next generation nuclear fission
• Wind with H2 storage
• Speculative technologies (space solar, 

nuclear fusion, etc.)

Minor 
Contributors
<0.2 PgC/y

Major 
Contributors
>0.2 PgC/y

Caldeira et al. 2004



Conclusions

1. Strong current potential for managing for ecosystem services 
in intensive agriculture 

 An empirical, systems approach to identify full 
potentials

 Credible valuation mechanisms: straightforward for 
market-valued benefits, less so for benefits that are 
public-valued

 Acute need for integration of social sciences

2. Further development requires 

 Internal benefits such as pest control, nutrient management
 Environmental benefits as commodities such as C 

sequestration, GHG mitigation
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