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— Mistrust of ‘conventional’ intensive farming
methods — pesticides, herbicides, synthetic

fertilisers, veterinary drugs ....

— Purported health benefits
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@ The global organic food market grew by
13.6% in 2006 to reach a value of $36.7

billion.

@ |In 2011, the market is forecast to have a
value of $67.1 billion, an increase of 83%

since 2006.
< Fruit and vegetable sales form the most

lucrative segment of the market, accountin
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The higher production costs
associated with Organic agriculture

— Less intensive methods
— Lower yields
— Greater care of the farm environment
— Segregation of Organic Produce
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Organic Farming

=Organic farming severely restricts the use of artificial chemical fertilisers and pesticides.

=Organic farmers rely on developing a healthy, fertile soil and growing a mixture of crops.

»Management practices which sustain soil health and fertility.

»The use of natural methods of pest, disease and weed control.
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Project Aim

To discover whether it is possible to discriminate between organically and
conventionally grown crops using stable isotope and multi-element analysis.

Project Raison d’étre
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“Can nitrogen isotope and TE analysis
help us detect conventional crops that
have been labelled as Organic?”
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Chemical fertiliser production

Expect ( 6°N = 0 %o

[ ENERGY ] Urea

+ Ammonium
nitrate
NITROGEN

FROM AIR Calcium ammonium
015N = 0% nitrate

Hydrogen Ammonium

sulphate
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Hypothesis

Input of Chemical Fertiliser
(NO, or NH,)

-2%0 < 31°N < +2%o0

y

Lower 619N of available soil
nitrogen pool




Introduction Stable Fertiliser Baseline Multi- Other || Future work
isotopes data Survey element work
01°N data data

Controlled cultivation experiments

] - Carrot
Tomato

L Lettuce

. | Mushroom

A S Bateman, S D Kelly &

Carrot 5 N%o (air)

- - O - - Ammonium nitrate
1 —8— Manure

&0 kg N/ha

Amount of fertilizer applied
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Baseline Survey

» Soil type
 \Weather

e Time of harvest
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Baseline Survey — Summary data

5N (Mean - all data)
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Tomato data
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Tomatoes — normal dist”
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A S Bateman, S D Kelly and M Woolfe (2007)
“Nitrogen isotope composition of organically and conventionally grown crops”
Journal of Agricultural and Food Chemistry , 55, 2664-2670.
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Major anions - lettuces

60000
T @ Conventional « May be related to
50000 | m Organic water content, some
evidence that excessive
40000 fertiliser application
leads to rapid growth at

Mean concentration (mg anion/kg dry sample)

Nitrate Sulphate Phosphate



Introduction Stable Fertiliser Controlled Baseline Multi- Other || Future work
iIsotopes data cultivation Survey element work
experiments o°N data data

Multi -element signatures

 Measure many elements simultaneously by ICP-MS
(Na, Mg, K, Ca, Mn, Fe, Cu, Zn, RDb, Sr, Cd, Ba)

 ldentify key variables that separate organic and
conventional crops using Canonical Discriminant

Analysis (CDA)
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Multi -element signatures (tomatoes)

S HEBBBHERSE

The mean values of the elements in bold type
(for org and conv groups) are statistically
significantly different....t-test.

=

. — " Ca 2x higher in org
{ 815N % } { { f:u Cu + Zn slightly higher in org
! =] E l Mn 2x lower in org
- = o e : = Rb 4x higher in org

b I i s ] Ca { }Zn Possible explanations

. = l I . «Cu/Zn used in animal feed
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AMF — Arbuscular Mycorrhizal Fungi

(AMF Photo courtesy of the AgriEu al Research Service Photo Unit.)
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Canonical Discriminant Analysis (CDA)

» Looks at differences between two or more groups
(org/conv) with respect to many variables (isotope +
multi-element data).

 |dentifies the variables that are best at placing an
unknown sample into its appropriate group.
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1) Tomatoes

Variables entered Pre_dit:tur _I'-Iu!'n!:ler o Conventional Organic Overall
variables individuals

Year 1 5N, %N 51 18/18 | 100% | 333 | 90.9% | 94.1%
15 .

Year 1 57N, %N, multi- 5 1813 | 100% | 3333 | 100%
elemenis

"::?:;r"; 55N, %N 5N 107 45/46 | 97.8% | 5781 | 97.8% | 95.3%

Variables entered Pr&_di-l::tnr ."“'.-"l.ner of Conventiconal Organic Owerall
variables individuals
Year 1 5N, %M &N 42 21128 | 75% 10014 | 7T14% | 73.8%
Year 1 57, %N, NO,, S0,, PO, MO:, S04, PO, 42 22/28 | 7AW | 10014 | T14% | TE.2%
5°M, %N, MO:, S0 PO, 12
Year 1 Utelement data Rb, 8°N 42 24/28 | 85.7% | 814 57 1% | TE.2%
::2: ; * 55N, %N &N 102 46/55 | 83.6% | 3048 | 625% | 73.8%
Year 1 + e 5N %N, NOs, ’
Year 2 M, %N, NO,, S0,, PO, I 103 45/55 | 81.8% | 3448 | 708% | TET%
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arbuscular mycorrhizal fungi (AMF) ?
Tomatoes

O°N

Mn

Cu
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Tomato Data - 3-D Scatter Plot for variables d1°N%eo,
Mn (ppm), Cu (ppm) & Rb (ppm)

Cultivation

O Conv
@ Org

o0 =

-5.0=
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Conclusions

1.2°N analysis is not definitive but may provide
evidence to corroborate whether chemical N
fertiliser has been applied to a crop.

2.Methodology Is more suitable for some crop
types than others e.g. hydroponic conventional
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METHOD FOR DISCRIMINATING QRGAMIC AGRICULTURAL PRODUCTS FROM COMNVEMTIONAL
AGRICULTURAL PRODUCTS BY USING NITRCGEN ISOTOPE INDEX

The present invention provides a method for

discriminating an arganicfarmland from 3 B

conventicnal farmland, comprising; (a) measuring an

i 20
amaunt of nitrogen isotope in a soil sample of a mg 1

farmiland; (b} calculating a nitrogen isotope index
according to the formula (1) using the resultant
nitregen isotope value and (c) determining whether
the farmland belongs to an crganicfarmland or a
canventional farmland. According to the present
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ENGRAIS CHIMIQUE COMPOST ORGANIQUE
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Future Work - we would like to ...

» Extend the existing databases to include more EU (non-UK) and worldwide samples

» Target other high value horticultural crops and extend databases to see if exploitable
differences in the 5°N of org/conv crops exist, e.g. sweet pepper and cucumbers.

 Analyse the 5180 of extracted nitrate from organic/conventional crops to see if differences exist

« Examine the applicability of secondary metabolite profiling (metabolomics)
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