Novel pathways for
biodiversity at field and
landscape scale
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) Modern-industrial agriculture undermines itself and much else besides
» >70% of terrestrial surface transformed by humans, agricultural main driver
7% - > 1 million plant and animal species potentially facing extinction in next decades
7/, » Finite natural resources
/ » Declining access to oil, water, land, nutrients
Soil erosion
W + Pollution
W x © Oceanic dead zones
A - Destruction of biodiverse habitats
| « Animalindustry 18% of calories but 83% of agricultural land and 58% of food‘'s GHG
» Encourages atrophy of farmer knowledge =
i ¥ - Depends on smaller sets of seeds, crops
S @ © \Weakens resilience of agricultural systems
» Contribution to climate change crisis
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Transformative change in agriculture is urgently needed

Two proposed ways forward

(which in practice are not very different, and also benefit each other)

Diversified farming systems Ecological intensification
Bring back agricultural diversity that Increase crop production through ecological
was lost due to intensification processes replacing conv. intensification
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Diversification at field scale:
Strip intercropping in conventional large-
scale farming




Field & farm level diversification: intercropping

Positive  Neutral Negative
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Fully mixed intercropping Single row intercropping

One practice with great potential: strip intercropping !

BUT:

Systematic review of 56 peer-reviewed studies
64% of all studies
Major but undervalued practice of farmland diversification conducted in Asia
Increases biodiversity, pest control and yield alike in 90% of the studies (3% Europe) and few in
Pest densities reduced up to 75% and predator diversity increased by 50% | large conventional
Yield benefits potentially compromised by higher labor costs systems > Potential ??

Lithourgidis et al. 2011, Aust J Crop Sci
Alarcén-Segura et al. (in revision)



Strip intercropping compared to
Y N o monocultures
L * 50% less aphids
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Potentials of digitalization & autbmatization for field and farm level diversification !!?




Diversification at landscape scale:
Organic farming vs. small-scale
conventional agriculture
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Cumulative biodiversity (species richness)

4

‘ a.-'

150 -

100 A

50 -

=={l== East conventional

=== East organic

==@== \\est conventional

==@== \West organic

"

9 12

ﬁ

Fiel size is critical for landscape-
wide biodiversity

West Germany has >70% longer
field edges than East Germany
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\ Biodiversity benefits from small-
scale conventional agriculture
| are on par with conversion to
organic agriculture
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Germany
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field border density (m ha™!)

| T~

Similar findings in pan-
European study

More wild bees in landscapes
characterized by small fields

with many edges




Ecological intensification of agricultural production: example of pest regulation

Bommarco et al. 2013, Trends in Ecology & Evolution

(b) Conventional intensification
Pest regulation boosted by anthropogenic inputs
= pesticides, increasing production

(a) Yield gap
Resulting from lack of pest regulation
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(d) Ecological intensification

Pest regulation boosted by biodiversity

(green bar) rather than by anthropogenic inputs
(red bar), increasing production

(c) Ecological replacement
Pest regulation partly provided by biodiversity
(green bar), but overall similar to (a)



cological intensification in South African
Macadamia landscapes
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Great importance of blocontrol and of natural habltat |
* No bats & birds 2 13% more crop loss

« Higher nut damage in simple landscapes with big
monocultures

Linden et al. 2019 Journal of Applied Ecology

* Natural habitat on farm and landscape scale
increases bat activity and biocontrol

e Weier et al. 2018 Biological Conservatlon
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farmer's week

11 DECEMBER 2020 Serving agricultre since 1911
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BATS: the answer
to macadamia pests?

Despite being well known for their pest control abiliies, bats remain understudied and misunderstood, and
ir numbers have been on the decline for various reasons. Now research is showing that these mammals may
be invaluable to macadamia farmers, whose pest control costs are rising while their nut quality is dropping
Lindi Botha spoke to Dr Valerie Linden about bats’ potential to save the industry millions of rands.

Using bat houses & farmer
engagement to further

lagucd by stink bug ) of Venda, to conduct research
FAST FACTS Ppupulah(ms that seem to that could eventually see bats
multiply despite increased ®Thohoyandou  protected and nurtured by ot - »

pest control application, the chardh etevibu the agricultural community. . r o m o t e e c o I o I c a I

insect damage to ‘macadamia industry in South its are known to be active .

mecadailas s Aftia s losing R200 million in South African macadamia o & "~' p g

rops. WGiyani . .
ayear to insect pest damage. orchards and to feed on major .) "
This damage s related to Whorebans insect pest species, like the -
unsound kernel, a condition green vegetable bug 2 - L el = - =
amia nut in the shellis viriduls), macadamia nut borer (Cry -
nsects while ripening on the tree. ombrodelts), two-spotted stink bug elia ¢

Bat houses are Many farmers have reacted by applying nataliola) and litchi moth (C. el s

e ever more pesticide, which has only served to Linden. “What we didn't know v

oo exacerbate the problem as natural predators to much of the pest insect population these bats }
harmul insects are also eliminated, detrimentally  consumed, which is what we set out to study
affecting the entire ecology within orchards. “In Levubu, many other crops or even areas of e s c o n ro

. One of South Africa’slargest macadamia natural bush are being removed and replaced with
1 production areas, Levubu in Limpopo, happens ~ macadamias. The crop is highly valuable, so it’s
g tobe home to 14 bat species. This, coupled with  an ideal species to study if you want to look at the . . . o . TS e :
s the economic significance that bats could offer economic impacts of the presence or absence of ! . - y 49

macadamia farmers, led Dr Valerie Linden, from  biocontrol agents such as bats. Macadamias are under - Xl‘

va av at the high insect pressure, which was another criterion. » -
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corporating ecological in




Towards trﬁliy regeneratlve agrlcultural systems %
by combining multiple practlces

Single measures

@ Covercrop

¥ Synthesis of > 10,000
studies on agricultural
- diversification

[ Diversified crop rotation
Reduced tillage
Intercropping

* Agroforestry

Ecological and economic
benefits

Single and combined
practices ¥ Mixed crop-livestock
Combined diversification [ dh Organic agriculture
practices deliver greatest
benefits at farm level

@ Sstructural elements
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Combined practices

‘ Conservation agriculture

© Steve Zmak https://steveipwak.‘com
¥



Traditional approach with
biodiversity conservation
segregated from

agriculture

Agricultural
diversification &
ecological
intensification

Semi-natural
habitat

Crop
diversity

Integrated
diversified
landscapes

Cropland
heterogeneity
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