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1 Introduction

While the use of synthetic pesticides in agriculture might have helped to increase food production, this has
not occurred without great csts to human health, the environment antural resources. The 2017 UN
report of the Special Rapporteur on the right to food highlights the adverse impact of pesticide use on human
rights, human health (workers, their families, bystanders, residents ansieners) and the environment. The
report also reveals that intensive aculture based on pesticide use has not contributed to reduce world
hunger, but rather it has helped to increase the consumption of food and food waste especially in

industrialsed caintriest.

Herbicides have been introduced in agriculture (and horticulture) mainly to combat weeds that compete with
crops for nutrients and sunlight resulting in reduced crop yield and quality. Other common uses are to
eradicate invasive plant speciesuwnrdesirable plants for livestock farms, to assist the managementloliq
areas, for aesthetic or practical reasons (sigewalks, pavementnd railways) or for weed control in private
gardens. In Europe, their use in farming has increased consideoat#place mechanical ploughinghich
hasbeen reportedo cause soil degradation asail nutrient lossin certain geographic zones with high rainfall

and specific types of croppatrticularly in intensive agricultui®erpsch1998)

There is an ovell erroneous perception that herbicides are safe for human health and have little impact on
the environment. Based on this misconception, humans have developed agricultural practices and invested in
technological development that completely depeswh the use of pesticides and herbicides. Many farmers
have abandoned more sustainable farming techniques altogether. As a result, every day tonnes of herbicides
are released into the environment and their surroundings, which not only put human health at risMsobu
interfere with the biological processes of nature and the ecosystem services it offers to combat anekds
other pestsnaturally. Weeds become resistant, the sgét eroded andnfertile, the crop susceptible to
pathogens and diseases, and farmésl obliged to use more pesticides to combat the new pests, and end
dzLJ G NJ LILISR AWRYIR & L1938 G A OARS (NS

In a similar manner to other pesticides, herbicide active ingredients are biologically active compounds. They
are designed to pass through membrarend diffuse into the interior of living cells to exert the desirable toxic
action(Kearney& Kaufman1975) Because of their properties, when these substances are used on open fields
they will directly affect other nottarget species in the area and tisarroundings, and through a cascade of
ecologicainteractions will end up affecting biodiversity. Furthermore, these same properties may allow them

to interact with living cells of animal speciesludinghumans and result in toxicity. Herbicides casoabe

! United Nations, 2017. Report of the Special Rapporteur on the right to food.
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toxic to soil beneficial microorganisni@rossbard Davies 1976)causing a decline in soil nutrientsrtility
and defencesystems This has a direct impact on agriculture, where crops depend on the qahtite soil.
Their use has beeso -unnecessarily intensive that these chemicals have caused a great impact not only on

soil health and agridtural production, but also to human health, the environment and its ecosystems.

Thepresent report aims to emphagighat we already have all the toatecessary to gradually start building

a pesticidefree agricultural model and to confirm that weed d¢wml is possible using other means than
harmful herbicides There is an urgent need to develop technological methods of agriculture that do not
depend onpesticide use. Using the popular glyphoshtesed herbicides as a reference, the current analysis
presents a wide variety of weed management approaches, where farmerstagether- rather thanagainst

- nature and help maintain a high agricultural yielthout contaminating the soil, destying biodiversity and
jeopardisng human and environmental health. Since glyphodsised herbicides are neselective and of
broad spectrum, the alternative methods presentadthis report canalso substitute the us of different

herbicide products.

This report also covers topics such as the use of glyphosate in the EU and globally, pesticide sales in the EU,

and impacts on soil behaviour and environmental safety, as well as human health.

By integrating the diffenat available agricultural practices (e.g. preventiagronomicand mechanical
methods) with the broadkowledge we have acquired on the biological and ecological characteristics of herbs
and plant crops, today farmers are capableovercomingmajor agriciltural challenges and manage weed
growth successfully, maintdimg a high agricultural yield, avdity resistant species, prot¢ing soil
biodiversity and erosion, and reducingreenhouse emissionamong others. This port presents and
discusseshe different alternative agricultural practice®therbicide use in weed control that when combined
result in a sustainable weed management. Wk was carried out in parallel with theroject "Filming
farmers across European Union on alternatives to herbgighth specific reference tolgphosatef = 0 2 i K

being supported by The Greens/EFA of the EU

2 Glyphosate

Dft 8LK2al S Aa GKS | OGABS Ay 3INBRA Spfaduc,Fhe indstTommdiNI R Q
of which is known with the trade name RdRmzLIx = Y I ydzFl OG0 dzZNBR o6& az2yaly
LIF NI A Odzf  NY @ LJ2LJdzZ F NJ Ff206Fffe& Ay GKS wmdbdHaleranth G K
genetically modified (GM) crops (Roundup Ready) followed byrn@eand cotton roundugresistant cops.

However, its applicationis not limited to GM cropsand is usedin all areas of agriculture and weed

management.
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The herbicide potential of glyphosate-({fphosphonomethyl) glycine) was discoveredMbgnsanto in 1971
and wasregistered as an herhiile (phytotoxicant) in 1974 Glyphosate causes plant toxicity by blocking the
action of an enzyme (Bnolpyruvylshikimate $hosphate or EPSP) with a key role in the synthesis of amino
acids and other essential nutrients for the plant (through a cascddeartions known as the shikimate
pathway), resulting in plant starvation and eventually plant death (Holla&d&mrhein 1980). This pathway

is found in microorganisms (e.g. bacteaiad fung) and plants, but not in animals (Herrmari®95). In fact,
gyphosate was patented in 2010 by Monsanto as an-amt¢robial agent against certain pathogenic

infections.

Monsanto however is not the only producer of glyphosate. Once its US patent expired in 2000, other pesticide
manufacturers started producing glgpsatebased herbicide products. According to the Glyphosate Task
Force consortium of companies that produce glyphogateducts, glyphosate is now marketed byra than

40 companies and over 300 herbicide products containing glyphosate are currenttgnedjis Europé

3 Uses of Glyphosate

Glyphosate is a broad spectrum, neelective, systemic herbicide, crop desiccant and to a lower extent plant
growth regulatof. Being norselective, glyphosatbased herbicides (i.e. formulations containing glyphosate

as active ingredient together with other chemicals) effectively kill or suppress all types of plants (including
grasses, perennials, vines, shrubs, and trees) and are typically applied on the foliage of the leaves or on the
roots or on the soil to prevenweed growth. Glyphosate has been reported to be effective against more than
100 annual broadleaf weeds and grass species, and more than 60 perennial weed gpéet al., 2010). A

representativesummary of its uses itne European Union is given imafle 1.

In conventional agriculture, glyphosabmsed herbicides are mostly applied before crops are sown to control
weeds and their root systems to facilitate tiggowth of crops. The herbicideased netillage approachd
prepare the land has replacedechanical ploughing in conventional agriculture, which has been linked to soll
erosionandRS LY Sl A2y 27F a@dpscREIs8undNDhavyglyghdsatdis rabSt typicailsed in
Europe. Glyphosate is also used as agrergent herbicide aftesowingbut before the cropshoots emerge
to prevent weeds from growindf the crop has been rendered tolerant to glyphosate for example by GM

technology, the herbicide can be used later, pestiergence of the crop (all plants including weeds die while

2 patent number US 3799758 AjpNosphonomethyiglycine phytotoxicant compositions.

3 Patent number US 7771736 B2. Glyphosate formulations and their use for the inhibitieenof@yruwylshikimate3-
phosphate synthase

4 Glyphosate Task Force (industry congort) website http://www.glyphosate.eu/historglyphosate
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Table 1 Sample of representative uses of Glyphosate registered in EU (EFSA Glyphosatevimer 2015)

Crops/plant Growth & Pests Application  Application rate of
species Stage controlled rate of active ingredient
product L/Ha  kg/Ha (minmax)
(min-max)
All* Preplanting of Emerged annual, 1-6 0.362.16
crops perennial &
biennial weeds
All* Postplanting pre = Emerged annual, 1-3 0.361.08
emergence of perennial &
crops biennial weeds
Cereals (préharvest) Crop matirrity < Emerged annual, 2-6 0.722.16
wheat, rye, triticale, 30 % grain perennial &
barley, oats* moisture biennial weeds
Oilseeds (preharvest) Crop maturity < Emerged annual, 2-6 0.722.16
rapeseed, mustard seed, 30 % grain perennial &
linseed® moisture biennial weeds
Orchard crops, ving, Post emergence Emerged annual, 2-8 0.72-2.88
including citrus, tree nuts of weeds perennial &
& olive trees biennial weeds

*Crops including but not restricted to: root & tuber vegetables, bulb vegetables, stem veggidi@ld vegetable:
(fruiting vegetables, brassica vegetables, leaf vegetables and fresh Hegasne vegetables), pulses, séeds, potatoes
cereals, andgugar & fodder beet; before planting fruit crops, ornamentals, trees, nursery plants etc

aMinimum preharvest interval (crops caot be harvested before) = 7 days

®Minimum pre-harvest interval (crops cannot be harvested before) = 14 days

the resistant crop is unaffected). Glyphos#ta@sed herbicides are also used in the rows between permanent
crops like vines and the ground beaik orchard crops.

Another use of glyphosatkased herbicides is as crop desiccants to dry down the crops either before or after
harvest. Application after harvest destroys the remaining crops to facilitate their removal, wherelaarpest
application iscarried out either to dry any green growth that may interfere with harvesting or in the case of
cereals and other graiorops, to accelerate the ripening process of the grains. The use of glyphosate as a pre
harvest desiccant has beconaevery common pracA OS Ay ( 2 R pasticuBarly in@diahsOuiereli dzNS >
humidity levelsare higherl 2 4 S@SNE A 0 Qa (i Knighedzim®untiofpésticidel r&idugsghd G K S

some Member States have strict rulé&ok £).

5 DG SANTE official website
https://ec.europa.eu/food/sites/food/files/plant/docs/pesticides faq_glyphosate 20170719 _final.pdf


https://ec.europa.eu/food/sites/food/files/plant/docs/pesticides_faq_glyphosate_20170719_final.pdf
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Box1. Glyphosate: [iferent desiccationpractices along Member States

Df 8LK2al G4S dzaS LN} OGAO0Sa @FNE I ONRA&aA
General for Health and Food Safety DG SANTte ddember States have rules favhen
glyphosate can be usednd some have rules ohow much can be usedor the different
purposes. A Danish report made by the Danish Environment Protection Agency on the

glyphosate explains:

GThe EU member statesiffér to some extent with regard to approval of speci
applications of glyphosate use. In Denmark glyphosate products can be usedHaryast weed
control and desiccation ("harvest aid") until 10 days before harvest. In Austria the U
glyphosatefor desiccation ("harvest aid") in cereal crops was banned in 2013 while use for
control is still permitted. In Germany, the use of glyphosate for harvest aid is not banned g
but is not considered good agricultural practice. Sweden is in the sarthe situation: no

glyphosate products approved for this particular use are available on the rdagket

9dzNR LISFY [/ NRLJI t NRBGSOG AR geveraBnarth Gdsterh Elgoped
countries glyphosate can be applied before crop harvest for w@ettol, to enhance ripening o
non-determinate crops to reduce crop losses, and to help manage determinate crops
seasons. Different countries have different recommendations for crops but the common fg
that the bulk grain sample must haveealtito a maximum of 30% moisture content. The clim
in southern Europe is such that few weeds remain green at the time of harvest, and crops t

ripen fully, so prénarvest use of glyphosate is not normally recommerided

All the registered uses of glyphosate in the EU can be found in the glyphosate risk assessment peer review
report of the European Food Safety Authority (ERZBAS5) and a summary is given in Table théEU, the
maximum amount of glyphosate that can be applied 84g of active ingredient per ha (4.32 kagjhn any
12-month period, which arresponds to approximately 12f herbicide product (EFSA, 2015). This is one litre

of product per month
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Global agricultural and non-agricultural use of
glyphosate: 1994 through 2014
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Figurel. Global agricultural and noragricultural uses of glyphosate (adapted from
James, 2016).

On a global scale, about 50% of glyphosate products used in agriculture are ugeddtcally engineered

crops, known a&enetically Modifiedropsor GM,that are specifically designed to be resistant to glyphosate
(maize, cotton, soya beans, oilseeligar beet). In these cases, the use of glyphosate is inevitib&e
European Union, however, has a strict regulation regarding the plantation of GM crops and 19 EU countries
have sent demands to be excluded from the geographical scope @Mhapplicathns already authorised or

in the process of authoraion®. The Member States that cultivate GM plantations #ve Czech Republic,

Spain, Slovakia, Romania and Portigay R Ay FI Od0X GKS ONRLI OdzZ GA DI GSF
glyphosatetolerant GM maize; MON 810. Here we need to stress that the total area dedicated to GM crops

in Europe is approximately 130,00@hwhich is just below 0% of EU agricultural land. Ninety percent (90%)

of the land withGM crops (116,3074d) is in Spain (Jame996).

There are no official data on the overall amount of glyphosate used for agricultural cagricultural
purposes acrosthe EU A publication in 2016, based on an analysis of U.S. and global official data or data from
the industry gives an overaligure of the agricultural and neagricultural use of glyphosate (Benbro@k16)
presented in Figure 1. These data also reveal that global use of glyphesatecreased almodts timesin

the last 10 years

8 https://ec.europa.eu/food/plant/gmo/authorisation/cultivation/geographical_scope_en
" European Commission, Fact Sheet: Questionsfarsivers on EU's policies on GMOs (2015)
http://europa.eu/rapid/pressrelease MEME&.5-4778 en.htm
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Some data come from specific Member Statassermany for exapie, glyphosate is applied in approximately

4.3 million fa of arable land (39% of total arable area) and a German study from the University of Gottingen
estimated that application of glyphosate is between 3.6 to 4.6 thousand tormfeadive ingredient
(Steinmannet al, 2012). In the UK, glyphosabased herbicides were the ones used the most out of all

herbicides accounting for almost 1,800 tonnes of active substéBaehwaiteet al., 2014)

4 Glyphosate and Herbicide Sales in EU

Accading to the global organisation Transparency Market Research, Europe held around 16.6% of the global
glyphosate market in 2082nd according to its manufacturers glyphosate accounted for 25% of the global
herbicide market in 2012

The EU does not publislata on the use or sales of individual herbicides, making it difficult to find out ho
much glyphosate is being sold (or is being ysedU countries. Nevertheless, the statistical office of the
European Union, Eurast, provides statistics for the s of pesticides (expssed inweight of active

ingredients) in Europ&, of which the resultfor the EU Member Statemre presented below.

Figure 2 shows the summary of pesticide sales in the EU duringZBd#lin thousands of tonnes (1,000,000
kg). Hebicides are the second maosbld pesticides in the EU (131.3 thousand tonnes of active ingredients),

and in 2014 they accounted for 33.1% of all pesticide sales (396.2 thousand tonnes of active ingredients).

Pesticide sales in EU
200 -

180 A
160 H oy
140 ~
120 A
. 100 4
80 -
60

- e I e I RO, )

2011 2012 2013 2014

thousand tonnes of active ingredient
(1,000,000 kg)

O Fungicides O Herbicides W Insecticides

B Mulluscicides B Plant growth regulatiors @ Other

Figure2 Pesticide sales in EU (20:2D14) by type expressed as thousal
of tonnes of active ingredients (eurostat)

8 https://Iwww.transparencymarketresearch.com/glyphosatearket.html
% http://www.glyphosate.eu/glyphosatéasics/whatglyphosate
10 http://ec.europa.eu/eurostatstatisticsexplained/index.php/Pesticide_sales_statistics
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However, ly looking into the pesticide saleg ead EU countrywe see thatin some countriesherbicides
are in fact the pesticide productbat are sold the most (Figure).3For example, in 2014herbicidescame
before fungicidesand insecticidesn the sales of 14 EU countries: Bulgatieg C2ch Republic, Denmark,
Finland, Germany, Hungary, Ireland, Latvia, Lithuania, PoRomhania, Slovak Sweden andhe United
Kingdom.

Finally, wherone focusesonly on herbicide sales per countoye cansee that France, Germany, Spain, the

UK and Polandre the countrieswith the highest herbicides sald§igure 4) Together, hese countries
accountedfor salesof 88.2 thousand tonnes of active ingredients in 20d51% of the entire herbicide sales

in the EU. Here, it is worth noting that Spain i@ah® country where most glyphosatesistantGMcrops are
ANRBSY Ay 9! | yYRXI A G QaFraickdth theS3atyBsyland &da dedigatkay'td agiichlture F ( S
in Europeg(Eurostat) In general, herbicide sales did not change much during-2014, with the exception of

Denmark, where there was a clear reduction (Figure 4).

4 Pesticide Sales in EU in 2014
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Figure3 Sales of herbicides, fungicides and insecticides acidscountries in 2014 (EurosdatCountries with
sales below 1 million tonnes are excluded.
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Figure4 Sales of herbicides across EU countries in 22014 (Euwostat)

5 Health concerns

By carrying out a search in the scientific literature one can see that exposurgptooghte alone and
to glyphosatebased herbicides has beessociated with a wide range aflversehealth effects in humans,
laboratory animals, farm animals and witdl{a summary on toxicity to glyphosate is given in Annex 1). What
is prokably of most concern to farmeis that certain clinical human studigésve shown that workers who
had previously used glyphosate had a higher incidence ofHwigkinlymphoma, a are case of caser,
compared to those who had naised glyphosate (De Roesal, 2003;Erikssoret al., 2008; McDuffieet al
2001). In fact, in2015, the International Agency for Research on Cancer (IARC), of the World Health
Organization (WHQO), after canmng out an assessment on the potential of glyphosate to cause caslassified
tasa LINR ol 6f & OF NOAY23aSyAO inges RANARYPOAE. Other studies frahNtBedzL) 2
scientific literature have reported a range of adverse effects in laboratory animals following exposure to
glyphosate alone and glyphosab@sed products: carcinogenic, genotoxic, reproductive, developmerital, o
endocrine disruptionetc. (Annex 1). The glyphosate monograph of Pesticide Action Network International
presents a big number of studies from the scientific literature that have reported adverse effects in humans,

laboratory animals, the environment arid ecosystems.

Neverthelessjn Europethe Eurogan Food Safety Authority (EFSAnd the European Chemicals Agency

1 https://Iwww.efsa.europa.eu/en/press/news/151112
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(ECHAY both concluded that glyphosate does not present any carcinogenic risk for humans, hence, both
agencies did not classify glyphosais a carcinogesmd concluded that its use poses no health risk for humans
Here, one should note that at the European Union level, European agencies carry out the toxicity assessment
of pesticides on the individual active substances rather than the evhaducts. Thdinal pesticide products

that include the active substances and the different formulations are evaluated by the Member States through

a much less rigorous assessmént

This discrepancy between the conclusions of the European Authoriti$24RC brought reactions from the
scientific community around the world, and a group of scientists published a Statement of Concern (Box 2).
Further, the detection of glyphosate in foddnd consumer productdk & ¢St | & Ay Lé62 LI S
al., 2017), has raised concerns in the general population about to how much glyphosate we are actually

exposed to, and what are its potential health effects.

Box2 Statement of Concern published in 2016 at tB®vironmental Healttjournal (Myerset al., 2016)

Statement of Concernigécted to scientists, physicians, and regulatory officials around the world:
"(1) Glyphosate Based Herbiciges the most heavily applied herbicide in the world and usage conti
to rise;

(2) Worldwide, GBHs often contarate drinking water sources, precipitation, and air, especially
agricultural regions;

(3) The hafHife of glyphosate in water and soil is longer than previously recognized;

(4) Glyphosate and its metabolites are widely present in the global soybeply;sup

(5) Human exposures to GBHSs are rising;

(6) Glyphosate is now authoritatively classified as a probable human carcinogen;

(7) Regulatory estimates of tolerable daily intakes for glyphosate in the United States and Europea
are based on outdatedceence. We offer a series of recommendations related to the need for
investments in epidemiological studies, biomonitoring, and toxicology studies that draw on the pril

of endocrinology to determine whether the effects of GBHs are due to ereld@iapting activities."

12 https://lecha.europa.euf/glyphosatenot-classifiedas-a-carcinogeroy-echa

13 http://www.efsa.europa.eu/en/interactive_pages/pesticides_authorisat/PesticidesAuthorisation#pesticides
14 https:/iwww.slu.se/globalassets/ew/org/centrb/ckb/publikationer/dokumentation/p&mo.pdf

15 https:/lwww.rt.com/usa/319524tamponscotton-glyphosatemonsanto/
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6 Impact on ecosystem services and agriculture

Herbicides are applied on opapacesandare inevitably transferredto all the different compartments of the
environment(atmosphere, soilsurfacewaters and groundater, sea) Depending on their application and
biodegradation ratethese clemicalsend up ontaminating the environmengsoil, water andivingorganism$

putting its ecosystems at rigiCarvalhp2017)

Glyphosate works against all plant species, it can even kill large trees and may easily destroy habitats ranging
from wild to seminatural. No other herbicide is so neelective. Hence, glypkate and glyphosatbased
herbicides have direct and indirect impact on the environment and its ecosystems. Biifects include
glyphosatebeingreported to cause harm in a wide range of environmental species (e.g. birds, fish, frogs,
shails,insects, sil microbes etc). hdirect effects includehe unprecedented elimination of weeds, which in
turn have an effect omgro-ecosystemgWattset al,, 2006). Farmland biodiversity and ecosystem functions
such as natural pest control, pollination services amttional soil structures are increasingly jeopardised by
G2RIF@Qa ySINIe 0O2YLXasdind pléritshsyviel 4sdle2to/ spezi@ntoxcatiSrRuy
agrochemicals (Ba3). Thisimpact on ecosystem services has a dianomic cost (Bo#). This ecological
disturbance and disruption of ecosystem servigesareas dedicated to conventional farming also the
underlying cause of the huge difficulties conventional farmeesfacingn returning to ecologically friendly

agricultural systems (8itte, 2003).

Glyphosat©@d G2EA O | Ol A2y i yatuialid&endsmecliahisnt thatiréspoads ® (feciions
(Johal& Huber 2009) Glyphosatehas been reported to alter soil microbial comnities, for example to
decrease the population of adscular mycorrhizal fungi, which facilitates nutrient uptake from the plant roots
(Zalleret al,, 2017) Itisalso toxic tdbeneficialsoil bacteria, such as those of tBacillusamily (Yuet al., 2015)

that have a key role in suppressing specific pgtrac fungi, as well as in making the soil minerals available to
plants. Glyphosate has been reported to bind to the soil minerals (manganese etmnblocking their
bioavailability to the plants (Joh&lHuber, 2009). Actually, glyphosate has beerhthaO (i S Ngigaifsdvtlyli 2 &
increase the severity of various plants diseases, impair plant defence to pathogens and diseases, and
immobilize soil and plant nutrients rendering them unavailable for plarétigeid.). Due to these effects and

to increasimg weed tolerance and resistance, farmers are obliged to use fungicides antaadlditerbicides

on their crops, resulting in a much higher ecological impact.

16 Full review: Science in society 2012. Glyphosate ldazarCrops, Soils, Animals, and Consuntetgs://www.i -
sis.org.uk/USDA _scientist_reveals_all.php


http://www.i-sis.org.uk/USDA_scientist_reveals_all.php
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Box3 Examples from the scientific literature on how glyphosate use affects ecosystem services

Ecosystem services and glyphosate

Earthworms: Also called “ecosystem engineers”, they shred
and redistribute organic material in soil, increase soil
penetrability for roots through their movement, and
consequently improve overall soil fertility. Glyphosate-based
herbicides affect the reproduction of earthworms and cause a
dramatic decline in their population®.

Soil microbial communities: These form the basis of ecosystem
services such as plant residues and litter decomposition, organic
matter mineralization, carbon and nitrogen cycling among
others2. Certain fungi and bacteria facilitate nutrient uptake in
plant roots. Repeated applications of glyphosate alter the
microbial community of certain soils®, increase soil pathogens?*
and plant nutrient uptake®.

Pollinators: Honey bees, bumble bees, butterflies and other
insects, play a key role in the pollination of the plants, and have a
key role in the pollination of crops in agriculture to produce, seeds
or fruits. Glyphosate being a broad spectrum herbicide, it reduces
the number of flowering plants that are a food source for the
pollinators but it may also impact honey bees following long-term
| exposure®,

Plant defence: Plants have their own defence system to
respond to infections by synthesizing and exerting specific
substances to reach the site of infection (e.g. antimicrobial
phytoalexins). Glyphosate acts on the pathway that many of
these plant-defences are produced, making the crops more
susceptible to pathogens and diseases’.

1Gaupp-Berghausen et al., 2015; 2Delgado-Baquerizo et al., 2016; 3Lancaster et al., 2010; “*Kremer and
Means, 2009°;5Zaller et al., 2014; SHerbert et al., 2014; 7Johal and Huber, 2009.

Figure5 Effects of long term use of glyphosate anops'®
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Box4 Economic costs of gradual loss in ecosystem services

The United Nations Environment Program(@&EP) carried out a study in 2005 and found that 40% of
g2NI RQa SO2y2Ye | Oldatte NBitASa RANBOGte 2y
that, according to the Millennium Ecosystems@ssment (2005) 60% of ecosystem services h
deteriorated in the last 50 years. A study on the economics of ecosystems and biodiversity re
confirmed that the cost of inaction and the degradation of ecosystem services could account for up
of world GDP (Gross domestic product) per year by 2050 (UNEP, 2008).

Box5 Facts on soil contamination by glyphosate

Facts on soil contamination by glyphosate:

A Field studies show that glyphosate anddegradation product aminomethylsphonic acid (AMPA
which is also of toxicological concern, get quickly metabolised by soil bacteria down to 50% in g
soil (9 and 32 days, respectively). The higher the clay content the slower the degradatio
(Simonseret al, 2008)

A A re@nt study shows that glyphosate and AMPA are detected in 45% of European soil (300 s
from 10 European countries) according to a recent study (8ih\al, 2017). These substances a
strongly (>90%) adsorbed to soil particles but they are not imhseli in soil. On the contrary, the
are transported together with the solil particles through atmoshpere and water, and can be takg
by living organisms or deposited in rivers and lakes.

A Glyphosate may become easily mobile by water in soils higih@sphate. Phosphate in fertilizer
reduces the adsorption of glyphosate to soil particles, increasing the amount of free glyph
molecules in the soil, which can then be absorbed by the plant roots, metabolised by microorgd

or can leach into thgroundwater (Munireet al., 2016).
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7 Weed management methodasgthout herbicides

Weed management islaig challenge in agriculture aig many cases eomplex, controversial and expensive
problem to resolve. The latter is evident by the sales of herbiciddd,iwkich accountfor 33% of all pesticide

sales (Figure 2).

As we have seerin order to protect soil fertility, ecosystem services as well as environmental and human
health,there is a clear need to reduce and gradually overcome our dependency to herbicides and other such
chemicals. The key is to investsustainable agriculture systems that, whpracticed properly, not only stop
contributing to the exhaustion and destruction of natural resources, but also prompt an ecologically viable

agricultural production model.

This section shows that it is not necessary to be an organic farmer to redweoreliminate the use of
herbicides in agricultureSeveral methods of weed management already exist that farmers can adopt to
eventually withdraw altogether from pesticide udéven for complex issues, like the use of glyphosate in

conservation tillingi 2 @2 AR LJX 2 dzZ3 KA y 3 -slordge capaciy.Bf agsicdltuial sailk &n @ ND
resolved without herbicide us@ ILMANORG 2016)

Box6 Herbicidefree conservation tillage

Conservation tillage: Reduced (shallow) tillage and green manure

Research and farming experience show that ploughing and many tillage practices arg ¢nedoils, resulting
in poorer nonfertile soils with reduced carbon storage sinks. For this reason, many farmers may use glyp
instead of tilling- and conveniently to save several hours of labour work. Recent studies show that, i
reduced shllow tilling (limited to 25 cm of soil depth) not only reduces weed density but is also good fq
soil in the longerm (it positively affects soil communities such as earthworms aydorrhizal fungi and

therefore it is a good weed management techuggthat overcomes the need to use herbicides. When redu
tilling is combined with the use of green manure to raise nitroggvels, crop yields can be comparable, wt

maintaining soil fertility and its carbon storage capacity high (TILKARK, 201-2014).

2KFG Aad | 6SSRK 2A0K y2 aSi A0ASYGATAO RSTAohd GA2Y.
agricultural systems in the EU, a farmer will pay significant sums to spray with wide spectrum herbicides, then
pay again, often with publiclfjunded subventions, t&d 2 ¢ G KS al YS & b3Snddfidvar stBpF a6 S
fulfilling the same beneficialgro-ecological functions, attracting pollinators and natural predators of pest

insectsCrop losses because of weeds depend on the type of crop, weed species, location, and farming systems
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applied. Weeds may directly reduce crop yield and quality, aneaser harvest costs. The most sensitive
phase of a crop is in its early growth stage, when the plant is young, vulnerable and highly dependent on
nutrients, light, and water/moisture supply. If it has to compete with weeds at this stage, the crop may become
weak and prone to pest and disease infections. Once the plant has grown, weed competition for nutrients and
water is less of a problem. In these cases, weeds may cause a problem during harvesting and reduce the crop
yield in that way(Barberj 2003) Nevetheless,it should be noted that the very concept of a 100% yield is a
FtlLoSR 2yS 4 GKSNB INB a2 Yryeée @FNRIFIofSa GKIFG @Al

events which can easily shift final results above or below 10% of thecamst.

Butin any casethe solution is not to completely eradicate all weeds, as they also play a very important role
in the conservation of soiAccording to a 2§ear study in Denmark, about 808at of a total of about 200
weeds growing in cultivateddids are too weak to compete with the crops and therefore do not affect the
overall crop yieldAndreaseret al, 1996) Itis only 20 % that may affect the yield significantiy/eeds &
managed in certain manngecan have a beneficial role by providirbiological diversity and supporting
ecosystem service§or example, they offer a habitat for both beneficial biocontrol insects and mycdrrhiza
fungi they cover bare soil after harvest keeping beneficial soil microorganism communities alive thromgh the
root exudates of sugars and proteinsiso, the pollen and nectar from certain weeds hétp®maintaining the

population of biocontrol insects and, which arery valuable for pest control.

Looking wider than just weed contral a more holistic way, reother key elementis to obtain a balance
between crop and nofrop vegetation to encourage an increase in natural enemies of crop pests. A successful
weed management approach shoutake into consideration the biological and ecological characteristics of
weeds and understand how their presence can be modulatealgpgnomic/agrtultural practices. In general,

such measures aim at keeping the weed population at a level whichrdaegsult inan economic lossn

cultivatingthe crop orthe cropquality.

The first step in sustainable weed managemento integrate differenimethods to manage the weegdsach

one adapted to the type of weed and type of crop and applied usually in combinatiepecific times during

the life cycle of the cropThis is the ésis of Integrated Weed Management, where different management
(SOKYAldSa OLINBOSYIADSS YSOKFYAOIES 6A2f23A0LE Fy
to achieve healthyquality crops and good yields. The compilation of all the abksltechniques can be seen

as a pyramid where each layer provides a list of methods that can be applied for weed mana@®aant

littte hammers), where chemical contrid used only as a last resource if all other methods have failed. This
report does no cover the option to usesynthetic herbicidespatural herbicides are presented asnan

chemical weed managemenption but focus is given to all other methads
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PL IV INTEGRATED WEED MANAGEMENT | Many little hammenrs

/\ E||mn‘.anng Y:HIZO!‘HG:S

>

Uprooting and removal, harrowing
7* Cutting weeds before they set seed

72 Grazing by animals

7 Mechanical weeding (including robotic)
7* Mowing/cutting 2 Ploughing

7* Mulching 2 Hoeing 2 Rolling

7* Hot water 7* Steaming 2* Flaming

2 Electricity 2 Finger weeding

Pesticide
Action

Network
turope

Figure6 The Integrated Weed Managment pyramid. Building from bottom to top

The practices of weed manament can be divided in foyarts (the IWM pyramidseeFRgure 6:

Preventive and cultural agronomicactices(measures taken to reduce weed germination)
Monitoring (observation and identification throughout the process)
Physical control of weeds (mechanical, thermal)

Biological control

Based on agriculturdnowledge, these practices are now also possible in combination with varioutelsigh
tools such as digital images for automated steering systems, e.g. used for steering hoes; GPS for electronic
mapping of the position of the seedaeeding devices etdt must be noted that these are higtost, high

technology machinery and tools thatost small/medium farmers will not be able to afford, especially as farm
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debt is very high. This currently limits applicability for a great section of the farming commegyending

on the culture and setip of farming operations, there may be options to share machinery between farms co

operating together, especially as machinery is often invented for one or a few specific crops in mind; this

specialisation is importanbtconsider in the shift between continuous yearyear monocultures and diverse

crop rotations.

It is usefuto integrate several ggroaches in weed management because one method is not enough to control

all weeds This is because:

1
1
1
1
1

some weeds arepheneral or with shallow roots and so aeasier to control than others;
some weeds are annual and some perennial;

some are spread by cultivation, others by wind;

some are avoided bysinggrazing animals;

some are very competitive against cover crops.

Figure7 illustrates an example of an integrated weed management approach for vineyards.

Figure7 Integrated Weed Management approach plan in vineyards
































































































