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“Anyone who believes exponential growth
can go on forever in a finite world is
either a madman or an economist”

Kenneth Boulding, economist



Can we feed 9 Billion people in a sustainable way?

Millions of people
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Total global cereal production
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Will it be possible to increase yields in
crop production further?

Exhibit 1
Crop Yields (5-year moving average)

Wheat — France, Germany, United Kingdom; Rice — Japan
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Total global pesticide production and imports
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The availability of pesticides
IS likely to decrease

This be due to:
» Resistance development
» Fewer new pesticides being introduced

» Legislation restricting or prohibiting the use
of certain groups of pesticides in response

to concerns about environmental and human
health impacts
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Guyton K.Z. et al. (2015) Carcinogenicity of tetrachlorvinphos,

parathion, malathion, diazinon,and glyphosate. Lancet Oncology
published online

http://dx.doi.org/10.1016/S1470-2045(15)70134-8
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 “for malathion and glyphosate,the mechanistic
evidence provided independent support of the 2A
classification (=probably carcinogenic) based on
evidence of carcinogenicity in humans and
experimental animals.”

 Glyphosate is the highest global production volume
herbicide
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Thyroid Cancer Incidence Rate (age adjusted)

plotted against glyphosate applied to U.S. corn & soy (R = 0.988, p <= 7.612e-09)
along with % GE corn & soy crops R = 0.9377, p <= 2.152e-05
sources: USDA:NASS,; SEER
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Liver and Intrahepatic Bile Duct Cancer Incidence
(age adjusted)
plotied against glyphosate applied to corn & soy (R = 0.9596, p <= 4 .624e-08)

along with % GE corn & soy planted in U.S. (R = 0.9107, p <= 5.402e-05)
sources: USDA:NAS; SEER
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Without pesticides the yields of crop
production is likely to decrease

The level of yield reduction can be estimated

» based on yield differences between organic
and conventional crop production systems

» factorial field experiments can more
precisely estimate the yield loss due to non-
use of synthetic chemicabl pesticides
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Influence of different crop types on organic-to conventional yield ratios.

Seufert et al. (2014) Comparing the yields of organic and conventional
agriculture. Nature 485, 229-232
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Nafferton Factorial Systems Comparison Trial
eXperlmentaI deS|gn - factors COMMUNITY RESEARC |

e Rotation design (4)

— Non-diverse (2): 2 years grass/clover 6 years cereals,
1 year potato or vegetables

— Diversified (2): 3years grass/clover, 2 years cereals
2 years potato or vegetables, 1 year faba beans)

e Crop protection (2)
— Conventional (pesticides used to farm assured standards)
— Organic (according to soil association standards)

e Fertilisation (2)
— Conventional (Mineral NPK used to farm assured standards)
— Organic (composted manureinputs only)

e Replicate blocks (4)

e Replicate experiments (4)

Total area: 6 ha
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Effect of fertilisation and crop protection
on the wheat yield (average of 4 seasons)

COMMUNITY RESCARCH

Grainyield Grainyield
(t hat) (t ha)
| P<0.001 81 P<0.001

8

Conventional Organic Conventional Organic
Crop protection Fertilisation
Bilsborrow et al . (2013) Eur. J. Agron. 51, 71-80



Effect of fertilisation and crop protection
on the potato yield (average of 4 seasons)

COMMUNITY RESCARCH

tuber yield tuber yield

(t hat) (t ha)
601 P<0.001 60} P<0.001
50+ 50-
40- 40
30+ 30-
20 20-
10+ 10+

0- 0-

Conventional Organic Conventional Organic
Crop protection Fertilisation

Palmer et al . (2013) Eur. J. Agron. 49, 83-92.
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The dependence on pesticides to sustain
current crop yield levels has increased

There is evidence that this is partially due to:
» Increased mineral (especially N) fertiliser use
» crop breeding
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area of irrigated land
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Total global use of nitrogen, phosphorus and
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Lodging in wheat — Interaction
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Wheat — Interaction CP X FM
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Wheat — Interaction CP X FM

When mineral fertilisers are used,
It becomes essential to use pesticides/CCCto preventlodging
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Has nutrient use efficiency and weed
competitiveness in weed decreased?

For the last 40 years crop breeding has
focused on the needs of conventional production:
» yield from high inputs of water-soluble, mineral NPK
» traits that reduce negative side effects of NPK-use
For example, in wheat production
» mineral NPK fertilisers increased lodging risk




Has nutrient use efficiency and weed
competitiveness in weed decreased?

eding has
#'entional production:

ater-soluble, mineral NPK
side effects of NPK-use
4 uction

ncreased lodging risk




Has nutrient use efficiency and weed
competitiveness in weed decreased?

i




Has nutrient use efficiency and weed

» semi-dwarfing genes were introduced into wheat to
reduce straw length and lodging risk
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Has nutrient use efficiency and weed
competitiveness in weed decreased?

» semi-dwarfing genes also affect competitiveness
against weeds and nutrient uptake efficiency?
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» semi-dwarfing genes also affect competitiveness
against weeds and nutrient uptake efficiency?

1 Hawkesford (2014) Reducing the reliance on nitrogen fertilizer for wheat production.
J Cereal Sci. 59, 276-283




Relationship between climatic and agronomic drivers and
phenolic acids and flavanoids in wheat leaves
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Replacing/reducing pesticide use relies
on integration of crop breeding, nutrition
and health management innovations
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Effect of soil steam disinfection, chitin Nafferton 2
soilamendments and grafting onto Ecological Farming Group
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severity and fruit yield in organic tomato production
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Giotis et al. unpublished



Effect of soil steam disinfection, chitin Nafferton 2
soilamendments and grafting onto Ecological Farming Group
resistantrootstocks onroot disease

severity and fruit yield in organic tomato production

RFW (g plant) Fruityield (kg plant)
d 4d d

80 2.5

70+

60-

50+

E Control*
B Steam
B Chitin*
O Grafted*

M Control*

401 W Steam
W Chitin* | 17
301 O Grafted*

20+

0.5-
Treatments Treatments

L _ *untreated corkyrootrotinfected soil
Giotis et al. unpublished



Effect of soil steaming (ST), organic

matter inputs (CCM, HWC, FBT), Nafferton
elicitor soil amendment (Chi, SWE) Ecological Farming Group
and biological control agents (Bs, Po) on

root disease severity (RFW)in organictomato crops
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RFW (g plant?)
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a q @

80+

70

60 1
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Treatments

Giotis et al. (2009) Eur. J. Plant Pathol. 123, 387-400



Effect of soil steaming (ST), organic

matter inputs (CCM, HWC, FBT), Nafferton
elicitor soil amendment (Chi, SWE) and Ecological Farming Group
biological control agents (Bs, Po) on

total fruityield in organic tomato crops
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Giotis et al. (2009) Eur. J. Plant Pathol. 123, 387-400



Effect of different concentrations of organic
matter inputs (Chi, Chitosan; FBT, fresh
Brassicatissue, CCM, composted cow

manure) root disease severity (RFW) in tomato crops
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Effect of different concentrations of
organic matter inputs (Chi, Chitosan; FBT,
fresh Brassicatissue, CCM, composted

cow manure)on soil biological activity (DH, dehydrogenase activity)
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e Safety evaluation system for new pesticidein Europe
and elsewhere need to be revised/significantly
Improved

e A range of widely used pesticides may not be available
In the future

e If alternatives are not found, this will reduce yields in
Intensive crop production systems especially broad
acre crops such as cereals, maize, potato and soya

e The development of alternative crop protection
strategies should focus on an integration of
Innovations in crop breeding, crop nutrition and novel
more acceptable/benign crop protection products

(including microbials such as spinosat, elicitors,
semiochemicals, BCAS)
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Crop production

ORGANIC CONVENTIONAL

e long rotations (6-9yrs) e short rotations (1-5yrs)

e no synthetic pesticides e synthetic pesticides used
— minerals: S, Si and (Cu) — 220 Herbicides
— biological control — 186 Pesticides
— plant/compost extracts — 143 Fungicides

e no water soluble N&P e NO,, NH,, urea, KCI, super-
fertilisers (no KClI) phosphate main NPK
-~ KSO,, lime& Inputs

microelements
— if necessary (soil analysis)



Diminishing
returns

of fertiliser
applications

Tillman et al. (2002)
Nature 418, 671-677
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Age Adjusted Deaths from Senile Dementia
(ICD FO1, F0O3 & 290)

Plotted against glyphosate use on corn & soy

(R = 0.9942, p <= 1.822e-09) @
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Swanson et al. (2014) GM-crops, glyphosate and the deterioration of health in
the USA. Journal of Organic Systems 9, 6-37



Effect of fertilisation and crop protection
on the cabbage yield (average of 4 seasons)

COMMUNITY RCSCARCH

yield yield
(t hal FW) (t hal FW)
60 60
401 40
20 20-
0- 0
Conventional Organic Conventional Organic

Crop protection Fertilisation



Effect of fertilisation and crop protection
on the glycosinolate content in cabbage
(average of 2 seasons)

COMMUNITY RCSCARCH

mg kg mg kg
fresh weight fresh weight
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300 300
250 250
200 200
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(+ pesticides) (+ NPK)
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Wheat - Yield (2005)

Effect of using varieties adapted to organic
systems
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Wheat 2005 - Protein content o
Effect of using varieties adapted to organic COMMUNITY RESEARCH
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Control of soil borne disease

COMMUNITY RESEARCH

Methyl bromide

Otomato, soft fruit, Brassicas, etc.

O®50 times more powerful than CFCs in destroying
ozone

Oestimated to have contributed 10 to 20% of the

destruction of the earth ozone layer
®even the US accepts the evidence

@®Increasingly used in the developing world
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Effect of methyl bromide use:
stratospheric ozone depletion

* X

*
*
*

*

*
*
***

COMMUNITY RESEARCH

"':|||||||i



Effect of methyl bromide use:
stratospheric ozone depletion

Increased UV-B radiation
results in higher levels of:

* X

*
*
*

*
*
*
* oy w

COMMUNITY RESEARCH

“":|||||||»



Effect of methyl bromide use:
stratospheric ozone depletion

Increased UV-B radiation
results in higher levels of:

e Skin cancer

* X

*
*
*

*
*
*
* oy w

COMMUNITY RESEARCH

“":|||||||»



Effect of methyl bromide use:
stratospheric ozone depletion

Increased UV-B radiation
results in higher levels of:

e skin cancer
e suppression of the immune

system

COMMUNITY RESEARCH

“":|||||||i



Effect of methyl bromide use:
stratospheric ozone depletion
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Increased UV-B radiation
results in higher levels of:

e Skin cancer

e suppression of the immune
system

e cataracts
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