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ÅOur food production relies on healthy soils, nutrient 
cycling, pollination and water regulation

ÅAgriculture has led to environmental degradation and 
there is a hidden cost to food production 

ÅE.g., soil degradationin the EU has an economic cost of 
> ϵ 50 billion per year

ÅAgricultural production will have to increase to meet 
the global food demand

ÅUrgent need for agriculture to become more 
sustainable, adapt to climate change and build 
resilience

Food Production: The Challenge



What has been the impact of agriculture on soil health?

SOC = 
3.11%

SOC = 
2.40%

SOC = 
1.93%

Decline in soil organic matter 
and soil structure associated 
with intensive cultivation and 
annual cropping. 

38% 
decline



Can changes in agricultural practices improve soil  health and 
lead to a more sustainable and resilient farming system?

Is regenerative agriculture the answer? 



Measuring effects of stacking regenerative 
agriculture principles: The challenges of 

intercropping beans and oats during a drought year

Kellie E. Smith, Ruth N. Wade, Martin Gilpin, Holly Armitage, 
Richard Grayson, Lisa Collins, Bob Doherty, Pippa J. Chapman



Regenerative agriculture trial
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core the intention to improve the 
health of soil or to restore highly 

degraded soil , which symbiotically 
enhances the quality of water, 

vegetation and land-ƓƖŸĬƨĦƣŔƻŔƣǃдѠ
 (Rhodes, 2017) 

Intensive  Sustainable Regenerative

Aim: to demonstrate and measure the impacts of different 

transition strategies to regenerative agriculture 



Regenerative agriculture trial 2025

Beans - add N to soil. Beans and oats sown

Three years into trial:
Winter wheat (2022-2023)
Spring barley (2024)
Spring beans and oats (2025)
Winter wheat (2025-2026)

Beans and oats harvest

March 2025

August 2025

1   2  3   4   5  6   7

2    1     5     6    4    7     3
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Oats т cover soil.

Intercropping beans 
with oats.
In trt  5 clover is also 
growing = 3 plants.
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Measurements:
ÅCrop
ÅPests/disease
ÅWeeds



Hypothesis: Do we boost land 
productivity or increase resilience e.g. 
to pests, weeds and climate when 
adding plant diversity?



Soil & weather context

Sown               Harvest

Worm counts (Feb)

June 2025:

Soil moisture (Feb)        Soil moisture (Jun)
a      a      a     a      a

ÅDrought year.
ÅRegen ag plots started with more moisture  and 

worms .
ÅSoil dry in all by mid growing season.

Increasing Regen ag 
principles

Increasing Regen ag 
principles

Increasing Regen ag 
principles

b      a      a     a      a



Plant productivity and resilience in 
intercropped systems



Plant resilience
ÅSimilar bean and oat numbers early establishment across trial. 
ÅPlots with oats and clover (trt  5) had fewer beans per area but less 

damage from pest feeding.
ÅBeans in monocrop conventional did better later  in the season.

Beans т Conventional (trt  1)        Beans - No plough (trt  2)Conventional (trt  1) No plough (trt  2)



Crop yield

ÅHigher bean yield without oats.
ÅFrom oat plots, oat yield decreased with 

increasing RA principles.
ÅLowest yields from trt  5.
ÅMore weeds in conventional and least in 

trt  5.
ÅLand equivalent ratios (LER).

Beans

Oats

a               b               c

a              ab            ab             a            b

Bean yield (t/ha)
a              a              b               b              b

Oat yield (t/ha)

Weed weight (g)

Increasing Regen ag principles

Increasing Regen ag principles

Treatment LER
1 Conventional 1
2 MinCult +SoilCover                                      0.9
3 MinCult +SoilCover +Diversity                           0.37

4 MinCult +SoilCover +Diversity +Livestock                0.36

5 MinCult +SoilCover +Diversity +Livestock +LivingRoot 0.03

Oats

Oats

Oats



Pest resilience when intercropping



Pests, predators and weeds
ÅConventional beans had larger less damaged 

leaves.
ÅNo difference in pest insect numbers.
ÅMore ground beetle predators in conventional 

plots.
ÅMore thistle weeds in conventional.

No. of insects

a      a        a       a       a   

Leaf feeding damage

No. of ground predatorsNo. of thistle weeds
a       b        b      b       b  



Summary and next steps

Å Regen ag plots promising  at start of year.
Å Extreme climates is a real issue for 

agriculture.
Å Companion cropping not successful due 

to drought  this year.
Å Early in Regen Ag transition  (Year 3).
Å Soil health is slow  progress to undo 

damage.
Å There is need for long-term  regen 

agriculture trials.
Å Context -dependent results.
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