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Conventional & organic potato production & 

distribution in Ireland

Life Cycle Assessment: 

methodology & results

Ecological Assessment: 

methodology & results

Bord Bia /Department of Agriculture & Fisheries, 2005

Conventional potato system:

•Widespread production – all but 2 counties

•<50% production concentrated in one area 

of the country (i.e the Republic)

•~1000 registered growers & packers (DAF)

•~12000 ha (0.29% Utilisable Agricultural 

Area; 2.9% of total arable) 

•Majority unprocessed ware potatoes

•Practically self sufficient domestic market 

(~85% Irish)

•Small amount of imports (~15%): ‘earlies’

•Threatened system: increasing imports; 

economical viability; competition; diet and 

land issues



Organic potato system:

•Limited, small scale 

•Total organic production 

<1% UAA

•Potatoes only ~100ha

•~30 registered growers 

•Insufficient production to 

meet market demands

•Majority unprocessed ware

•Growing sector

•11 Conventional farmers/distributors

•DAF registered growers 

•Sell commercially 

•Represent a range of distribution / 

market types

•Willingness to participate

•>10 yrs continuous cultivation 

•Characterised by high levels of inputs 

such as pesticides, fertilisers etc.

•Usually: 4 year rotations

•5 Organic farmers/distributors

•Certified with IOFGA/other 

•Sell commercially 

•Represent a range of distribution / 

market types

•Willingness to participate

•Characterised by lower input levels 

of pesticides, mineral fertilisers etc.

•Rotations longer & include pasture 

•None >6 yrs continuous cultivation



Simplified system structure

Packers / distributors

/ merchants

Ware growers

Seed growers

Seed importers

Wholesale Retail

Seed grower,

Ware grower,

Packer, 

distributor,

retailer

Consumer

Majority of study farmers do 

at least part of these areas

themselves

Adapted from the Potato Market and Supply Chain Report 

(Bord Glas 2001)  [Irish Horticulture Board]

Goal & Scope: Assessment of the potential impacts of conventional & organic 

potato production & distribution from production to point of sale

Functional Units:

1kg of potatoes for human consumption 

1 ha production land 

System Boundaries:

One production/distribution ‘season’ starting with first field operations in 

January/February, through to harvest (Sept/Oct), storage and distribution until the 

stores for that season are exhausted

Conventional farmers: Jan 2008 – April 2009 Organic farmers: Jan 2009 – April 

2010

Life Cycle Assessment

Impact categories:

•Abiotic Depletion, Acidification, Eutrophication, Global Warming, Ozone 

Depletion, Photochemical Ozone Creation, Human Toxicity, Terrestrial 

Ecotoxicity, Freshwater Ecotoxicity: CML 2001-2007

Software and databases:

GaBi with Ecoinvent integrated 



Raw Materials

Farm Buildings

Agrochemicals

Fertilisers

Farm 

Machinery

Farm-Distribution 

Operations

Field operations:

Soil preparation

Burning off stubbles

Ploughing

Cultivations (tilling, 

destoning, ridging, 

planting)

Fertilising

Pest control operations

Irrigation

HarvestEnergy carriers

Grading, packing 

storage

Distribution

Seed

Production of 

inputs

Packaging 

materials

Transport 

machinery

Product: 

potatoes for 

sale for human 

consumption

Emissions
Infrastructure

Foreground SystemBackground System

Schematic of potato production as the system under analysis 

Adapted from Mila y Canals (2003)

Operations Timeline Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan** Feb Mar Apr

Burning off grass

from ley ground

(conventional 

farms only)

Ploughing         

Cultivations: 

Destoning Tilling,

Ridging, 

Subsoiling, Rolling 

Fertilising: mineral

fertilisers 

broadcast; 

slurry/manure 

sprayed/spread                             

PLANTING

PEST 

CONTROL

Chemical control: 

spraying 

pesticides.   Few 

approved products 

only on organic 

farms                                              

PEST 

CONTROL

Mechanical 

control:                   

earthing up drills, 

topping of foliage, 

flame weeding - 

(mainly on organic 

farms)

IRRIGATIO

N

Irrigation: of

polytunnels &

fields

HARVEST

GRADING Grading & Packing

STORAGE

DISTRIBUT

ION Distribution 

SOIL 

PREPARAT

ION

Timescale:

~Jan year 1 – April year 2

2008/9 for conventional 

2009/2010 for organic
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Ecological assessment of invertebrate soil fauna & soil qualities

•Assessment of biodiversity and abundance of soil fauna in infield and field boundary 

habitats (as the control) in conventional and organic potato fields

•Focusing on earthworms: Family Lumbricidae

•Soil indicators recorded/measured:

•Soil texture, bulk density, soil organic carbon (Loss on ignition)

Focus on earthworms:

Why?

-Known beneficial contributions to soil physical properties, 

organic matter decomp., nutrient & energy cycling, 

ecosystem functioning, (Chan ‘01). 

-Fairly well known taxonomic group: Phlyum Annelida, Class Oligochaeta

- ~10 terrestrial families worldwide: European worms - Family Lumbricidae (~300 species)

- ~30 native to Ireland & the UK

-Major component of soil fauna in temperate zones – composing 50-70% of the biomass of soil fauna. 

-Irish climate favourable, year round warm moist conditions, rel. high abundance

(e.g. Curry, 1976; Curry et al. 1995; Curry & Schmidt, 2001).

- ~10 species of earthworm are commonly found in cultivated land, of which 1-3 dominate: 

generally Allobophora chlorotica, Apporedecta calignosa, and Apporedecta rosea

- Known range of values for arable and pasture

-Populations can be significantly impacted by a single season of potato cultivation (Curry & Schmidt 2002)

-Implications for food supply to higher trophic levels



Ecological Assessment:

3 sampling rounds:

1: Pre operations – Feb/Mar Yr 1

2: Post harvest – Sept/Oct Yr 1

3:‘Recovery’ – Feb/March Yr 2

Abundance, live biomass, diversity

Location of ecological sampling sites

L. terrestris

Apporodecta sp.

Dendrobaena octahedra. & L. rubellus

ID Photos from Wormwatch Canada



LCA Inventory & field sampling begin in 

~Jan/Feb – prior to main field operations  

~Feb-Mar: land just ploughed





Foliage burnt off prior to harvest on conventional 

Farms, ~Aug. for earlies, later for main crop
Foliage topped or left to die off 

on organic farms



Harvest

Results possibly worst case scenarios – 2 very difficult seasons: 

extremely wet autumns followed by very cold winters – difficulty of harvest and some high loss rates

Also difficult conditions for worms!



Distribution routes

Results – conventional system – potential impacts per kg potatoes

Potential impacts per kg saleable potatoes - conventional scenarios

0

0.002

0.004

0.006

0.008

0.01

Far
m
_C

_1

Far
m
_C

_2

Far
m
_C

_3

Far
m
_C

_4

Far
m
_C

_5

Far
m
_C

_6

Far
m
_C

_7

Far
m
_C

_8

Far
m
_C

_9

Far
m
_C

_1
0

Far
m
_C

_1
1

M
ea

nCon
ve

nt
io
na

l

V
a

lu
e

s
 f

o
r 

A
D

P
, 
A

P
, 
E

P
, 
O

D
P

, 
P

O
C

P

0

0.05

0.1

0.15

0.2

0.25

V
a

lu
e

s
 f

o
r 

G
W

P
, 
H

T
P

, 
T

E
T

P
, 
F

A
E

T
P

ADP [kg Sb-equiv] AP [kg SO2 equiv] EP [kg Phosphate equiv]

ODP, steady state [kg R11 equiv] POCP [kg ethene equiv] GWP100 yrs [kg CO2 equiv]

HTP inf  [kg DCB equiv] TETP inf [kg DBC equiv] FAETP inf [kg DCB equiv]



Mean conventional scenario with 95% confidence intervals

Potential impacts of mean conventional scenario per kg 

(+/- 95% Confidence Intervals)
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Saleable yield range: 18-38t/ha, mean of 28  

Results – organic system – potential impacts per kg potatoes

Potential impacts per kg saleable potatoes - Organic scenarios
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Mean organic scenario with 95% confidence intervals

Potential impacts of mean organic scenario per kg 

(+/- 95% Confidence Intervals)
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Mean per kg and per ha results

Potential impacts per kg (+/-95%CI) of mean conventional, mean organic, and mean total 

scenarios
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total scenarios
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What were the impacts on earthworms 

and how do they compare to the LCA results?

Mean abundance & 

biomass of earthworms (+/-

95% confidence intervals) 

in infield habitats on 

conventional farms in 

relation to timing of farm 

operations  

SOIL PREPARATION
FERTILISATION

PLANTIN

G PEST CONTROL HARVEST

Burning off 
grass from 
lea ground 
(using 
various 
herbicides 
& sprayer)

Ploughin

g (variety 
of 2-6 
furrow 
conventio
nal or 
reversible 
ploughs)            

Cultivations: Destoning
(by machine / hand 

picking), Tilling, 
Ridging, Subsoiling, 
Rolling: 2-6 cultivations  
carried out per farmer 
using variety of 
ridging/rotavating
machinery

Fertilising: /mineral 

fertilisers applied by 
broadcaster / placement 
unit with planter  
&/organic fertilisers 
(manure/chicken 
waste/slurry) applied by 
dung/slurry  spreaders

Planting: 
with 
mechanis
ed planter 

Chemical control:                       
spraying of 
herbicides, 
pesticides and 
molluscicides, ~20 
sprays per season                        

Mechanica

l control: 
earthing
up drills, 
topping of 
foliage 
using 
ridger

Harvested 
using 
chain 
digger 
and/or 
complete 
harvester

No field operations

Mean abundance & biomass of earthworms per m2 in infield habitats on 

conventional farms (+/-95% Confidence Intervals)
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Earthworm Impacts : Conventional infield habitats



Mean abundance & biomass of earthworms per m2 in infield habitats 

on organic farms (+/- 95%Confidence Intervals)
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Mean abundance & 

biomass of 

earthworms (+/- 95% 

confidence intervals) 

in infield habitats on 

organic farms in 

relation to timing of 

farm operations  

SOIL PREPARATION FERTILISATION PLANTING PEST CONTROL HARVEST

Ploughing 

(variety of 
2-6 furrow 
convention
al or 
reversible 
ploughs)            

Cultivations: Destoning
(by machine only in few 

cases) Tilling, Ridging, 
Subsoiling, Rolling: 2-4 
cultivations  carried out 
per farmer using variety 
of ridging/rotavating
machinery

Fertilising: /mineral 
fertilisers applied by 

broadcaster &/or 
organic fertilisers 
(manure/chicken 
waste/slurry) applied 
by dung/slurry  
spreaders 

Planting: 
some by 
hand, some 
with 
mechanised 
planter 

Chemical 
control:                       

spraying of 
organically 
certified 
preparations:ma
x 3 sprays per 
season                        

Mechanical 

control: 
earthing up 
drills, 
topping of 
foliage using 
ridger

Harvested 
using chain 
digger 
and/or 
complete 
harvester

Significant difference 

at P<0.05 level only 

between rounds 1 and 

2 for biomass, no 

significant differences 

in abundance

Earthworm Impacts : Organic infield habitats

Species richness: 

overall decrease in conventional infield sites 

overall increase in organic infield sites

Species richness in conventional and organic infield habitats 

(+/-95% CI)
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(means +/- SD) R1 - Infield R2 - Infield R3 – Infield 

Conventional Sites Abundance, 

individuals/m2

481.07
(+/- 329.00)

131.73
(+/- 137.36)

62.40
(+/- 68.32)

Conventional Sites Live biomass, g/m2 68.19
(+/-50.66)

17.13
(+/-16.33)

11.78
(+/-13.54)

Various sources* Range of arable 

values in 

Ireland 

50-500/m2 abundance, 10-100g/m2

Organic Sites Abundance, 

individuals/m2

284.80
(+/- 180.33)

151.47
(+/-121.53)

196.27
(+/- 198.41)

Organic Sites Live biomass, g/m2 52.91
(+/-35.93)

29.33
(+/- 26.00)

38.70
(+/-40.61)

Various sources* Range of pasture 

values in 

Ireland 

500-1000/m2, 100-200g/m2

Earthworm Depletion Potential (EwDP) = Rref – Ri

Rref is the worm biomass of reference resource
(top observed range in Irish arable in t/ha: 100g/m2 = 1t/ha)

Ri is the worm biomass of the particular type of cultivated land (potatoes)
Using e.g. R3 sampling values:

conventional sites EWDP = Rref – Ri = 1t/ha – 0.11t/ha = 0.89t/ha 

organic EWDP = 1 - 0.38 = 0.62t/ha

Potentially add factors for number of species, soil type, hedgegrow area…

Earthworm Depletion Potential ?

Positive values indicate negative impact (as for other impact categories), i.e. 

earthworm levels decreased to  below reference value due to cultivation effects

Negative values indicate positive impact, i.e. earthworm levels increased above reference value

EwDp for Infield conventional and organic habitats in 

R3
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For scale to illustrate with other impacts per ha EwDP in kg/ha…



Mean potential impacts of potato production and distribution per ha
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Results for Agricultural Production Stage only – per Ha

Conclusions…



• We now have range of values and variability for environmental impact 

levels in many categories for the production and distribution of

potatoes in Ireland

• room for improvement in both systems in terms of environmental 

performance – higher variability in organic

• Despite higher inputs levels in many areas high yields give 

conventional farms a lower impact in many categories per kg 

• However organic farming tends to have lower per ha impacts

• Energy use lower per kg in conv – whole system, but higher in ag 

production only; overall lower per ha in organic

• Life stages with greatest contribution: agricultural production in both 

systems and within that fertilisers production and emmissions from 

application greatest contribution

• GWP and AP biggest impact categories in both, again contribution of 

fertilisers NB, 40% + of agri prod stage

•Ecological impacts on earthworm communities are lower in organic

farms in terms of impacts on biomass, abundance 

•EwDP results lower per ha for organic farms

•More research required.. 

•Higher number of farmers

•Impacts over entire rotation

•Ecological data on soil inverts, and other species

•Assessment of EwDP for other land use types



…That’s all for now


