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https://www.unhcr.org/globaltrends2018/ 

Natural systems agriculture and food security?
Famines overwhelming the result of conflict,

resulting in displacement of people

https://www.unhcr.org/globaltrends2018/


Vollset, S.E., Goren, E., Yuan, C.W., Cao, J., Smith, A.E., Hsiao, T., 
Bisignano, C., Azhar, G.S., Castro, E., Chalek, J. and Dolgert, A.J., 2020. 
Fertility, mortality, migration, and population scenarios for 195 
countries and territories from 2017 to 2100: a forecasting analysis for 
the Global Burden of Disease Study. The Lancet, 396(10258), 
pp.1285-1306.

Food insecurity related to lack of educational opportunities for girls and 
women, and women rights to land and resources

 

Girls not in secondary school

Samir, K.C. and Lutz, W., 2017. The human core of the shared socioeconomic pathways: Population 

scenarios by age, sex and level of education for all countries to 2100. Global Environmental Change, 42, 

pp.181-192.



Steffen, W., Richardson, K., Rockström, J., Cornell, S.E., Fetzer, I., Bennett, E.M., Biggs, R., Carpenter, S.R., De Vries, W., De Wit, C.A. and 

Folke, C., 2015. Planetary boundaries. Science, 347(6223), p.1259855. Nature of 
response to 
“Planetary 

boundaries”?

Natural based solutions
Technology 
fundamentalism

Combo.



Steffen, W., Richardson, K., Rockström, J., Cornell, S.E., Fetzer, I., Bennett, E.M., Biggs, R., Carpenter, S.R., De 

Vries, W., De Wit, C.A. and Folke, C., 2015. Planetary boundaries. Science, 347(6223), p.1259855. 

Boundaries and energy



Energy source Energy 

efficiency

Carbon 

emissions?

Oil 20:1 (and declining) High

Tar sands 5:1 Very high

Ethanol: Wheat and corn 1.2:1 to 2.5:1 Medium

Ethanol: Brazilian sugarcane 7:1 Low

Ethanol: Cellulosic (no current 

production)

2:1 to 36:1 Low

Biodiesel 2.5:1 Medium

Wind 8:1 Low

Hydro 12:1 Low

Solar 12:1 Low

Nuclear 3:1 to 10:1 Low

Coal (Dirty) 80:1 High

Coal (Cleaned) 10:1 High

From: Cy Gonick (Canadian Dimension publishing, Winnipeg)

Firrisa, M.T., van Duren, I. and Voinov, A., 2014. 
Energy efficiency for rapeseed biodiesel 
production in different farming systems. Energy 
Efficiency, 7, pp.79-95.



•  Roughly 25% of the entire US corn crop is used to produce fuel (when accounting for feed co-production (dry 
distillers grain). 

• This fuel accounts for about 10% of all automobile gas used in that country. 
• 10% efficiency easily achieved through conservation and energy efficiency.
• Interestingly, a 10% reduction in US gas consumption would free up 20 million acres of land for food production 

(Note: Manitoba has 17.1 million acres of farmland).

https://news.umanitoba.ca/organic-agriculture-deserves-a-seat-at-the-grown-ups-table/ 

https://news.umanitoba.ca/organic-agriculture-deserves-a-seat-at-the-grown-ups-table/




Framing the issues of hunger, food vs fuel…

• Social circumstances and conflict play a 
central role in food security.

• Stay informed about planetary boundaries.
• Read, read, read….

• Do not live entirely in our own silo – see 
bigger picture

• Biofuels good for business? Yes

• Biofuels good for the planet? Evidence not 
compelling

Stop doing…



Soil C capture as a natural way to remove atmospheric C

Laura Rance, 
Winnipeg Free Press
Nov 30, 2019



New understanding of C in soils – that really emphasizes plants (roots)!



Kong, A.Y. and Six, J., 2010. Tracing root vs. residue carbon into soils from conventional and alternative cropping systems. Soil Science Society of America 
Journal, 74(4), pp.1201-1210.

Kong and Six (2010) observed that carbon from a winter hairy vetch cover crop in a tomato-corn crop rotation in 
California was stored more efficiently in SOM under organic than conventional conditions. Also, root C was stored 
much more efficiently than shoot C.

Focus: root growth, and healthy soil microbiome to process root exudates



Janzen, H.H., 2006. The soil carbon dilemma: shall we hoard it or use it?. Soil Biology 
and Biochemistry, 38(3), pp.419-424.

Janzen, H.H., van Groenigen, K.J., Powlson, D.S., Schwinghamer, T. and van Groenigen, 
J.W., 2022. Photosynthetic limits on carbon sequestration in croplands. Geoderma, 416, 
p.115810.



Crop diversity to increase whole season photosynthesis
Sam Curtis et al. 2024. Can J Plant Science (in review)
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Crop diversity to increase whole season photosynthesis
Sam Curtis et al. 2024. Can J Plant Science (in review)
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Cropland MOAM loss by 2080: 10%



“Our study demonstrates an overriding predominance of 
temperature in governing the rate of residue decay, superseding that 
of extreme differences in soil properties and moisture in temperate 
climates across southern Canada.”

Litter decay controlled by temperature, not soil properties, 
affecting future soil carbon  EG Gregorich, H Janzen, BH Ellert, BL 
Helgason, B Qian, BJ Zebarth, ...
Global Change Biology 23 (4), 1725-1734

Increasing global temperature defeats 
soil C capture. 

Results 
confirmed by 

Canadian 
scientists

https://scholar.google.ca/citations?view_op=view_citation&hl=en&user=Z8z0WEsAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=Z8z0WEsAAAAJ:5nxA0vEk-isC
https://scholar.google.ca/citations?view_op=view_citation&hl=en&user=Z8z0WEsAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=Z8z0WEsAAAAJ:5nxA0vEk-isC


Keep soil covered and cooler: Eg. Use of cover crops in Ontario organic corn-soy-wheat system



Faidherbia albida 

Reverse phenology: the tree sheds its leaves in the rainy 
season and goes dormant, reducing competition for light 
and water while providing valuable nitrogen-rich litter that 
is also good fodder. (ICRAF).





“We show that ecological intensified (EI) practices such as crop 
rotation, legumes in rotation, manure additions have a largely 
substitutive interaction with N fertilizer, so that EI practices 
substantially increase yield at low N fertilizer doses but have 
minimal or no effect on yield at high N fertilizer doses”.

Foley, J. A. et al. Solutions for a cultivated planet. Nature 478, 337–342 (2011). 
Springmann, M. et al. Options for keeping the food system within environmental limits. Nature 562, 519–525 (2018).

This supports Foley et al. (2011) and  Springmann et al. (2018) who both 
suggest that if fertilizer use is reduced where it is currently high, then fertilizer 
use could be increased where it is currently low without exceeding planetary 
boundaries. 



Rotation System Trt & Code
2019 

(year 1)
2020 

(year 2)
2021 

(year 3)
2022 

(year 4)

Conventional rotation 
system (control)

1a Wheat Soybean Wheat Canola

1b Soybean Wheat Canola Wheat

1c Wheat Canola Wheat Soybean

1d Canola Wheat Soybean Canola

High-risk, potential high 
reward innovative 
system

5a Corn Pinto Beans Canola Sunflower

5b Pinto Beans Canola Sunflower Corn

5c Canola Sunflower Corn Pinto Beans

5d Sunflower Corn Pinto Beans Canola

Biodiverse 
rotation 
(50% N 

fertilizer 
reduction)

6a
Fababean/pea/oat 

GM
Fall rye with 
cover crop

Corn/soybean 
intercrop

Pea/Canola (Peaola) 
intercrop

6b
Fall rye with 
cover crop

Corn/soybean 
intercrop

Pea/Canola (Peaola) 
intercrop

Hairy vetch/barley
GM

6c
Corn/soybean 

intercrop
Pea/Canola (Peaola) 

intercrop
Hairy vetch/barley 

GM
Fall rye with 
cover crop

6d
Pea/Canola (Peaola) 

intercrop
Fababean/pea/oat 

GM
Fall rye with 
cover crop

Corn/soybean 
intercrop

Perennial grain rotation

7a Kernza (est. 2018) Kernza Kernza Kernza 

7b Soybean Wheat Canola Kernza (est. 2021)

7c Wheat Canola Kernza (est. 2020) Kernza

7d Canola Kernza (est. 2019) Kernza Kernza 

Organic system Org Millet Hairy vetch/barley Wheat Fall Rye

Rotation 1 - Canola

Rotation 5 - Sunflowers

Rotation 6 – Corn/Soy Intercrop

Rotation 7 – Kernza

Org Rotation – Hairy Vetch GM & Mulch

13

Katherine Stanley,
Research Associate



23

Corn-soybean intercrop

Canola-pea intercrop

Hybrid Fall Rye Cover crop

Sam Curtis, Water monitoring



Canola-pea intercrop research, 1990
 

Canola-pea intercrop research, 2020 

Waterer, J.G., Vessey, J.K., Stobbe, E.H. and Soper, R.J., 1994. Yield and 
symbiotic nitrogen fixation in a pea-mustard intercrop as influenced by 
N fertilizer addition. Soil Biology and Biochemistry, 26(4), pp.447-453.

Legume-brassica intercrops

Jensen (1996) found barley gets 19% of
its N from intercropped pea when grown
together for 70 days.

Sawatsky and Soper (1991) observed
significant amounts of N deposited into
the rhizosphere by pea.





So, what does this mean for Plant Scientists?

• Photosynthesis a priority for C capture. Focus 
on season long growth, roots and perennials

• Embrace new models for biodiversity of 
production

• Conduct field-based research at 50% of 
current N inorganic fertilizer rates

• Conduct your research in multispecies 
production

• Because of less fertilizer N, legume intensification 
needed



Soil pH



Evidence from the 160-year-old Park Grass 
Experiment at Rothamsted Research, that shows 
a positive response of biodiversity to reducing N 
addition from either atmospheric pollution or 
fertilizers.

pH limed

pH unlimed

% legumes in first cut

Storkey, J., Macdonald, A.J., Poulton, P.R., Scott, T., Köhler, 
I.H., Schnyder, H., Goulding, K.W.T. and Crawley, M.J., 2015. 
Grassland biodiversity bounces back from long-term 
nitrogen addition. Nature, 528(7582), pp.401-404.

Atmospheric N deposition (kg/ha/yr)

x wet
+ dry



• DOK study in Switzerland, since 1987
• Kellogg study in Michigan, since 1988
• Glenlea study in Manitoba, since 1992
• AAFC Prairie studies (not organic)

Organic systems maintain more neutral soil pH

pH lower in Conv
Organic      7.46
Conventional 6.47



Steffen, W., Richardson, K., Rockström, J., Cornell, S.E., Fetzer, I., Bennett, E.M., Biggs, R., Carpenter, S.R., De Vries, W., De Wit, C.A. and 

Folke, C., 2015. Planetary boundaries. Science, 347(6223), p.1259855. 

Agro-Biodiversity



Organic farm Conventional farm

https://entomology.osu.edu/our-people/larry-phelan 

Lessons from Entomologist, Dr. Larry Phelan

https://entomology.osu.edu/our-people/larry-phelan


Phelan, P.L., 2009. 9 Ecology-Based 
Agriculture and the Next Green 
Revolution. SUSTAINABLE 
AGROECOSYSTEM, p.97.

After planting maize (corn), female European corn borers were released into the greenhouse to 
determine egg-laying preferences. In each of 4 experiments, females consistently laid fewer eggs 
on corn plants in soil from organic farms than on plants in conventional soil. 



The nature of nutrient supply matters!

“Biological Soil Fertility” 
…..defined by Dr. Lynette Abbott, 
University of Western Australia



Cropping System Total C

% (Microbial 

biomass C)

2Potentially 

mineralizable 

nitrogen

mg N/kg 

3Water 

stable 

aggregates

N-Acetyl β-

Glucosaminidase

mg pNP kg-1 soil 

hr-1

Phosphomonoesteras

e (alkaline buffer)

mg pNP kg-1 soil hr-1

Arylsulfatase 4AMF total 

colonization

Prairie 4.4
1(1750a)

114 b 87.3 a 127 406 ab 148.7 c 77.0

Grain only 

conventional
4.5 (1179c) 141 b 79 bc 148 370 b 132.9 c 32.3

Grain only organic 3.7 (1080d) 124 b 76 c 155 361 b 187.2 bc 49.7

Forage-grain 

conventional
3.9 (1476 b) 140 b 75.3 c 180 364 b 147.2 c 28.0

Forage-grain organic 4.2 (1648a) 135 b 80 bc 176 538 a 252.2 b 45.0

Forage-grain organic 

plus manure
4.5 (1718a) 189 a 82.6 a 184 561 a 327.9 a 35.7

P value 0.092 

(0.0001)

0.0013 0.0001 0.068 0.0024 0.0001 0.05 
5(0.001)*

Soil biological soil fertility metrics for the 

Glenlea long-term study, Manitoba. Data 

source: The North American Project to 

Evaluate Soil Health Measurements included 

124 sites uniformly sampled across a range of 

soil health management practices in North 

America (Soil Health Institute). Glenlea soils 

sampled in 2019. Other data sources 

indicated in footnotes.

1Values in parentheses (Braman et al. 2016); 2 PMN: NH4 measured after 7 day anaerobic incubation; 3 AS: Percent of aggregates 1-2mm that remain on 0.25mm 

sieve; 4Arbuscular mycorrhizal fungi (AMF) data from Welsh, 2007; 5Prairie vs arable systems - arable system measured AMF in flax and Prairie system measured AMF 

in prairie grasses. In: Nurturing Canadian agronomy with nature: Theory and practice. 2023. M. H. 1Entz and M. 1Van Die, 2023. Paper in review.
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So, what does this mean for Plant Scientists?

• Think about soil microbiome and its 
effect on nutrient delivery systems to 
plants.

• Measure “live root days”



Organic: Composted manure, cover crop, 
natural insecticide (neem tree)

Mineral fertilizer, synthetic insecticides Nicaraguan farm family

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=dU7HrDbQ8bp0iM&tbnid=Ct3qq0Y9ZBPDWM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.ithakabound.com%2Fpersonal%2Fsold%2F&ei=tthBUq7aBsiKiAKIg4CIAw&bvm=bv.53077864,d.cGE&psig=AFQjCNGPpwPnIMW9p_jk4va8hP71lT7_Pw&ust=1380133390834976
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Labrie, G., Estevez, B. and Lucas, E., 2016. Impact of large strip cropping system (24 and 48 rows) on soybean aphid 
during four years in organic soybean. Agriculture, Ecosystems & Environment, 222, pp.249-257.

Strip cropping
• 18m/36m strips (200ac)
• Rotation: Corn-Soybeans-Wheat-Fallow
• Prevention of insect pest outbreaks
• Quantified positive effect on insects natural predators diversity
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Labrie, G., Estevez, B. and Lucas, E., 2016. Impact of large strip cropping system (24 and 48 rows) on soybean aphid 
during four years in organic soybean. Agriculture, Ecosystems & Environment, 222, pp.249-257.

Freydier, L. and Lundgren, J.G., 2016. Unintended 
effects of the herbicides 2, 4-D and dicamba on 
lady beetles. Ecotoxicology, 25, pp.1270-1277.

Dr. Jonathan Lundgren, 
South Dakota

Photo credit: Michelle Carkner



So, what does this mean for Plant Scientists?

• Greater consideration of nutrient 
supply systems – how do they affect 
plant growth, development and 
health

• Design more diverse agroecosystems

• Pesticide-free production systems



Steffen, W., Richardson, K., Rockström, J., Cornell, S.E., Fetzer, I., Bennett, E.M., Biggs, R., Carpenter, S.R., De Vries, 

W., De Wit, C.A. and Folke, C., 2015. Planetary boundaries. Science, 347(6223), p.1259855. 

Phosphorous can = 
dead zones



Photo credit: Jess Nicksy

Carkner, M.K., Gao, X. and Entz, M.H., 2023. Ideotype breeding for crop 
adaptation to low phosphorus availability on extensive organic 
farms. Frontiers in Plant Science, 14, p.1225174.

Using recycled P in agriculture that requires “Plant Activation”



So, what does this mean for Plant Scientists?

• What do we know about the amount 
and nature of organic acids released 
by plant roots?



Surface residue increases crop water use efficiency (WUE)

 by reducing soil evaporation

Evapotranspiration = Evaporation + Transpiration

Drawing by Sylvia Borstlap





Dr. Sangamesh Angadi



Grass strips reduce wind flow through crops, resulting in less evaporative water loss and higher WUE
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So, what does this mean for Plant Scientists?

• Physiological processes (and their 
attendant genetic links) on their own 
have limitations. 

• Need to consider more elements of 
the cropping system when deploying 
things like “drought tolerant genes”, 
for example.



In summary, Plant Scientists need to…..



Level 1.  Increase efficiency of 
conventional practices

Level 2.  Substitute conventional 
practices with alternative practices

Level 3.  Redesign the system so that 
it functions on basis of a new set of 
ecological relationships

Level 4.  Re-establish more direct 
relationship between people who 
produce and eat food.

Stephen Gliessman, Ivette Perfecto and others

Level 3 please



Develop Ecological Knowledge Proactively

Depletion crisis model

• Experience of limited resources

• Most easily discovered if living 
on an island
• Eg. deplete fishery

• Crisis allows societies to learn 
though this is not always 
successful (eg. Easter Island)

Ecological understanding model

• Cultural

• Community based

• Indigenous examples
• Net fishery

• Bison hunting

• Fire culture for blueberry 
production

Berkes, F. and Turner, N.J., 2006. Knowledge, learning and the evolution of conservation practice for social-
ecological system resilience. Human ecology, 34(4), p.479.





Thanks for your attention!

Advanced Plant Science Seminar Series, March 7, 2024

France, 1886

Thank you to my research team, supporters and funders
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