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ABSTRACT

In the short term there is no useful alternative to chemical seed treatment for

controlling the important seed-borme diseases in cereals. The only way to secure

high quality seed is by discarding seed lots, which have morethan a specified level of

disease. Without any other effective control measure than seed treatment large

quantities of cereal seeds would be expected to be discarded. Another reduction

model might be a differentiated use of seed treatmentsin the different certified seed

generations. An important condition for the models is a quick and representative

seed test, which for the moment only is possible in spring cereals. The threshold

levels for the different diseases should under these circumstancesbe re-evaluated. In

the long term other measurements may be possible. Investigations have begun on

variety resistance to demonstrate effective genetic resistance against leaf stripe and

common bunt, but for the moment only little is known on the distribution of

resistance in modern Danish varieties. Other possibilities may be microbiological

products and non-chemical methodsbutalso here further investigation is required.

INTRODUCTION

Today most cereal crops are seed treated in Denmark on a routine basis. This routine treatment

has maintained serious seed-borne diseases at a very low level for many years.

In Denmarklegislation has dictated that the use of pesticides should be reduced by 50 % by

January 1st 1997 compared with the average usage during 1981 to 1985. This goal was not

achieved and the programme is now under review. Seed treatments were not included in the

first programmebut this is nowunder consideration and different strategies are discussed in

order to reduce the use offungicidal seed treatments. The work with strategies for reducing

fungicidal seed treatments is part of a bigger review on different scenarios for pesticide

reduction in Denmark. This paper summarises the present use of seed treatments in cereals in

Denmark and possible alternatives to the chemical control. Different scenarios for reducing the

routine use of seed treatments will be discussed. 



THE PRESENTUSE OF SEED TREATMENTSIN DENMARK

It is estimated that approximately 85% of the winter cereal acreage and 90% of spring cereal

acreage are sown with certified seed in Denmark. A large proportion ofboth certified seed and

farm-saved seed (85-90%) is treated against seed-borne diseases with products approved by

the Danish Institute of Agricultural Sciences (Nielsen & Scheel, 1997). The total consumption

of fungicide and insecticide seed treatments in Denmark is approximately 80-110 tons of active
substance (table 1, Anon. 1995,1996,1997) and, in 1994, fungicide and insecticide seed

treatments were respectively 11% and 12 % of the total applied. Compared with the total use

of pesticides in Denmark, seed treatments only account for 2-3 % by active ingredient (table

1). The volume for 1996 is lower than previous years, mainly due to a reduction in the use of

maneb and thiram. The use of guazatine in wheat has decreased but the use of bitertanol has

increased.

The majoruse for seed treatments are on cereals (72%) with the greatest proportion ofthis on

the winter crops (approx. 48 t). Insecticide seed treatments are not used on cereals.

Table 1. Amount of fungicide and insecticide used as seed treatments for agricultural

purposesincluding non cereal crops in Denmark (Anon., 1995, 1996, 1997).

 

1994 1995 1996

kg active ingredients

Fungicides

carboxin 1410 1960

bitertanol 20541 28932

carbendazim 3095 1190

fuberidazole 1440 1880

guazatine 19140 16547

imazalil 6276 8469

maneb 12378 4758

prochloraz 20 40

thiabendazole 6070

Other fungicides' 30088 28325 20756

Total fungicide seed treatments 101258 92101 74421

Allfungicides, in total 892000 1055329 630740
Fungicide seed treatments in % ofallfungicides 11 9 12

Insecticides ” 11377 7964 8720

Seed treatments in total 112635 100065 83141

Total use ofpesticides 3919000 4809000 3669000

Seed treatments in % of the total 29 21 2.3

1) hymexazole, metalaxyl, pencycuron, thiram, tolclofos-methy! 2) Mainly furathiocarb in beets and rape. 



THE IMPORTANT SEED-BORNE DISEASES IN DENMARK

Several serious seed-borne diseases would spread rapidly if cereals were grown without

efficient methods of control. Ultimately this would lead to significant yield loss and a drastic

reduction in seed quality. If no seed treatments were used, common bunt (Tilletia caries) in

wheat, leaf stripe (Drechslera graminea) and loose smut (Ustilago nuda) in barley and

possibly stem smut of rye (Urocystis occulta) would be expected to cause the greatest

problems in Denmark.

Commonbunt in wheat is subject to great concern, as infections make the seed unfit for bread

and feeding purposes andthis could cause the rejection of the entire crop. This disease has been

seen more frequently in Denmark since 1989 mainly on farms where untreated seed has been

used (Nielsen & Jorgensen, 1994). Thesituation is complicated by the fact that common bunt

can besoil-borne (Nielsen & Jorgensen, 1994; Nielsen & Nielsen, 1994; Borgen & Kristensen,

1997). Leaf stripe in barley is commonly not seen but experiences from the early 1970’s,

where the use of mercury seed treatment was reduced, showedthat the disease could increase

rapidly if the control level is reduced. Other seed-bomnepathogenslike Microdochium nivale,

Fusarium spp and Septoria nodorum which are very dependant on the climatic conditions

during the growing season can also cause problems but there will not necessarily be an

increased infection from one growing season to another. These diseases have not been very

common over the past few years (Nielsen & Scheel, 1997) and expected yield losses under

Danish conditions are estimated to be 5 — 10 % under moderate to severeinfections.

Table 2. Seed borne diseases in wheat, barley, rye, triticale and oat and recommended

threshold levels for seed treatments in Denmark (Nielsen & Scheel, 1997;

Scheel, 1997).

 

Disease Threshold level for seed treatment
 

Fusariumspp.” 15 % infected seeds

Glumeblotch ofwheat (Septoria nodorum) 5 % infected seeds

Common bunt(Tilletia caries) Spores present

Fusariumspp.”, Bipolaris sorokiniana 15 % infected seeds, winter barley

Fusarium spp.”, Bipolaris sorokiniana 30 % infected seeds, spring, barley

Net blotch (Drechslera teres) 5% infected seeds ”

Leaf stripe (Drechslera graminea) 5% infected seeds

Loose smut (Ustilago nuda) 0,2 % infected seeds

15% infected seeds

a Fusarium spp. ” Spores present
Stem smut of rye (Urocystis occulta)

Oat Fusariumspp." 15 % infected seeds
 

1Includes Microdochium nivale (syn. Fusarium nivale) and Fusarium spp. *) D.teres and D. graminea can

not be separated by current used methods. Thresholdlevel for D. teres is probably higher. 



THRESHOLD LEVELS FOR SEED TREATMENTS

There is no general requirement for seed treatment in the Danish national regulations or

certification schemes but the recommendations are based on certain threshold levels (table 2).

These thresholds are determined on the basis of experiments and experience, as well as an

understanding of the efficacy of current seed treatments (Nielsen & Scheel, 1997, Scheel,

1997). In practice, the threshold recommendations are seldom used and more than 85-90 % of

certified seed is treated with approved products on a routinebasis.

ALTERNATIVES TO CHEMICAL SEED TREATMENTS

Cereal production with limited use of or in the absence of seed treatments must be based on

other equally effective control measures if seed health is to be maintained. Possible control

measures are summarised in below.

Potential for resistant varieties

Resistance is, in principle, able to replace the chemical seed treatment but only minor efforts

have been maderegarding resistance towards seed-borne diseases and knowledgein this field

is limited. In the short term the greatest potential is specific resistance against leaf stripe and

common bunt. The aim is to have varieties resistant to many pathogens, but it can be difficult

to combineall resistance characters in the same variety.

Resistance to leaf stripe (D. graminea)is based on a combination of single genes, giving a high

degree of resistance, and polygenic based resistance giving different degrees of resistance.

Haahr, Jensen and Skou (1989) found race specific resistance in Danish and European barley

varieties and discovered that the gene wasclosely linked to the MiLa-gene giving resistance to

powdery mildew(Erysiphe graminis). The resistance has been shown to be effective in field

trials (Skou, Nielsen & Haahr, 1994) but the distribution of the resistance gene in the modern

Danish varieties is not known. Thefirst results from screening in new Danish varieties show

great variation in resistance. In field experiments 4 varieties out of 18 tested were resistant and

5 had moderate resistance (B J Nielsen, unpublished results). The experiment has continued

with tests in most ofthe Danish varieties and some new breeders’lines.

In barley, most varieties exhibit passive resistance to loose smut (U. nuda) because of closed

blooming and the need for treatment can be focused on the most susceptible varieties. The

possibility of improving varieties, for example by incorporating specific resistance, are

considered poor within the near future.

In wheatat least 15 specific resistance genes (Bt) against common bunt (7. caries) are known

from the literature, but also partial resistance has been described (Gaudet et al., 1993). A

number of Danish winter and spring wheat varieties were tested and the results showed great

variation in resistance. A numberofvarieties had full resistance including the Swedish varieties

Tjelvar and Stava and a group of varieties had some resistance (B. J. Nielsen, unpublished

results). Tjelvar and Stava have been marketed in Sweden and are resistant towards seed as

well as soil-borne bunt (Jénsson and Svensson, 1990). However, since the resistance is based

upon specific resistance genes, there is a risk that new virulent races could propagate. The bunt 



fungus varies a lot and the efforts to incorporate race specific resistance genes have not been

very successful in the United States due to occurrence of new virulent races (Hoffmann and

Metzger, 1976). Tests so far in triticale seem to show very low susceptibility to seed-bome

pathogens. However, there is a continuousneedto test these varieties.

Potential for biological control and other non-chemical methods

In recentyears, there has been a developmentin biological control of plant diseases and several

products are also potential suitable for seed treatment. However, the products are not fully

developed and they require further testing for efficacy and their practical application. Other

alternative control methods are available including hot water, hot air, and irradiation of seed or

brush treatment for diseases like bunt where there is surface infection. Organic products like

acetic acid, mustard and milk products have shown someeffects against common bunt in

wheat (Borgen, Kristensen & Kolster, 1995; Borgen 1997). These alternative methodsare for

the momentnot usable in practice but must be considered in future together with other control

methodsand possible integrated with a differentiated use of chemical seed treatment.

OPTIONS FOR REDUCING CHEMICAL SEED TREATMENT

Different scenarios for reducing the reliance on chemical treatment are discussed together with

an evaluation of the consequences for Danish agriculture. In table 3 an overview is shown of

the various stages of seed production and where decisions could be made about the need to

treat or discard seed with infections above defined threshold levels.

Table 3. Different scenarios for managing seed health.

 

PB seed C2 seed

(0.6) (229.5)

Current Situation + + + +
 

Reduced Chemical Scenario + + + +/- chem

Discard Scenario + + +/- disc +/- disc

Complete Reduction Scenario +/- disc +/- disc +/- disc +/- disc

 

where: + Routine, standard seed treatment

+/- chem Use of chemical seed treatment based on seed testing,
+/- disc Seed lots discarded based onseed testing or use of alternative methods if available

PB Seed Pre basic seed used for producing, basic seed
B seed Basic seed used for producing certified C1 seed
Cl seed Seed used for producing certified C2 seed
C2 seed Certified seed sold for ware production. C2 seed is not produced in rye

1) Amount of Danish certified seed 1996/97 in ‘000 t are indicated in brackets. Amount of farm saved seed is

estimated to be 40000 t 



Possible future strategies for seed health and seed treatment use have also been discussed

elsewhere e.g. in UK where a limited ‘treatment according to need’ approach to the use of

fungicide seed treatment to spring cereals were regarded as feasible in the short term with

existing seed testing techniques (Paveley ef al, 1996). This approach is very close to the

‘reduced chemical scenario’ stated in table 3. Long-term change towards a wider strategy of

treatment according to need in UK andpossible treatment based on compulsory testing of all

seed wasalso discussed. The Danish discussion is more radical with focus upon a maximum in

reduction in fungicide use eventually a complete reduction.

Reduced chemical scenario

In this scenario the breeding generations including certified seed Cl are treated with chemical

seed treatments. This would reduce the possibilities for transmitting serious seed-borme

diseases to the C2 generation. However, pathogenslike Microdochiumnivale, Fusarium spp..,

Drechslera teres and Septoria nodorum could infect during the growing season and there is a

tisk of spreading of the other seed borne pathogens to neighbouring fields during summer or

harvest. Moreover 7. caries can mfect wheat through the soil. This makes seed analysis in the

big seed generation C2 (80 % ofthe seeds) necessary and based onthis analysis seeds are only

treated if the level of pathogens is above defined threshold levels (table 2). A more selective

use of chemical seed treatments or alternative methods, if available, would be possible

depending on target pathogens. A crucial condition for this model is a fast, effective and

representative seed analysis in the period from harvest to sowing. This approach is. only

feasible with existing techniques in spring cereals where the expected reduction in chemicals

would be between 30 and 70 % of fungicides used in spring cereals. This scenario is the most
realistic even in the nearest future. If suitable analytical methods were available selective use of

seed treatments would, however, also be feasible in winter cereals.

Reduced chemical scenario with discard of infested seed

The underlying principal in this scenario is the same as that above, but use of chemicalsis only

allowed during the production of basic seed (table 3). This ensures that seed with high seed

health is produced. The seeds used for Cl or C2 are analysed and the seed lots are discarded if

seed infestations are above threshold levels. In this case, however, the threshold levels have to

be re-evaluated because they are defined for a system where chemicals are available. The

threshold levels in C1 seed should be made as low as possible, especially for 7. caries, U.

nuda and D. graminea (zero tolerance). For C2 seed, the threshold levels could be as stated in

table 2 because it is assumed that there will be no further multiplication of seeds and that the

farmers buy new certified seed. The basic problem in this scenario is the same as stated above.

The system must be based on seed analyses, which for the momentis impossible to achieve in

winter cereals. The use of chemicals would be reduced by approximately 80 % but very large

quantities of seeds could be expected to be discarded. If other non-chemical methods were

available (e.g. biological control, alternative techniques), they could be integrated to reduce the

quantity of seed that would otherwise be discarded. This scenario is close to the actual practice

regarding seed health in organic farming. 



Complete reduction scenario

If the use of seed treatments for seed-bome disease control were ceased immediately in all seed

generations, then the possibilities for producing cereals would be very limited. The only

realistic possibility, in the long term, would be seed analysis followed by rejection of the

infested seed together with the full integration of alternative control measures. Resistance and

biological control methods would play an important part but our knowledge today is too

limited for us to tell if these methods could completely replace the use of chemical seed

treatments

PROBLEMS

The development of a quick and reliable seed test will be important if there is to be any shift

away from the current situation and if chemical seed treatments are going to be reduced,

particularly for the ‘reduced’ and ‘complete reduction’ scenarios, where lack of certified seeds

is likely to be a problem.

Seed testing

There are some important problems with seed analysis, which must be solved before a

threshold-based system can be usedeffectively. There is need for new, quick and reliably

methodsespecially in winter cereals where there is a short time from harvest to sowing. In

Denmarkthis period is very short, approx. 3-6 weeks. An enlargementin the range of analyses

would demand a fundamentaland substantial expansion ofthe analytical capacity.

Anotherproblem is specificity of the existing diagnostic tests. For example, leaf stripe (D.

graminea) and net blotch (D.teres) of barley can not be separated from each other by a

normal analysis. The threshold for net blotch ofbarley is different than that ofleaf stripe and

recommendationsfor seed treatment in barley could in many casesbetriggered by the presence

of seed-bornenet blotch, which frequently occursin barley. It is anticipated that a PCR-based

seed health test that can detect and differentiate Drechs/era spp. pathogenic on barley will

become available to agriculture in the future (Stevens ef al., 1997).

The third and probably the most difficult problem to solve is the sampling technique. In

Denmark, the basis for one seed analysis is 25 tonnes of seed, which strongly underlines the

necessity to make any sample representative. There can besignificant variation within thefield

crop and a seed batch may often be taken from several different fields. For the majority of

stored seed, a representative sample can not be taken with today’s sampling equipment and

there is a need to develop new techniques.

Seed availability and seed quality

In the ‘discard’ and ‘complete reduction’ scenarios there will be a potential for rejection of

large quantities of seeds including the valuable early seed generations and it may be necessary

to increase the breeding area considerably if this approach was adopted. Furthermore, a move

towards genetic resistance to seed-bome disease could mean that the choice of varieties is

restricted and it may not alwaysbe possible to use the varieties with the highest yield potential.

899 



A reduction in the systematic use of seed teatments could entail the uncontrolled spread and
propagation of a number of seed-bomediseases and perhaps also ofnew,so far, rare diseases.
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Disease control by a formulation of a living bacterium
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ABSTRACT

Treatment with the naturally occurring bacterial strain MA 342 (Pseudomonas

cholororaphis) controlled several cereal seed-borne diseases as effectively as

standard fungicides in over 100 field trials. The strain does not multiply above 33° C,

and has shown no detrimental effects in pathogenicity, toxicity and animal feeding

tests. An oil-based formulation containing only food-quality ingredients has been

developed that is feasible for large-scale use and has a good environment and
toxicological profile.

INTRODUCTION

Unless properly controlled, seed-borne diseases, including smut, bunt and several leaf spots,

cause severe production constraints in cereals. The quality and yield reductions that can be

encountered are well established from historical accounts as well as from a number of

investigations (Neergaard 1977). Early control measures,e. g. hot water treatment, were often
inadequate and difficult to perform, while several modern fungicides, appropriately applied,
usually give satisfactory control.

Environmental and health concems and the ensuing endeavour to reduce fungicidal usage,
have nevertheless given high priority to research for alternative control methods. In line with

this, an inter-Scandinavian research project with the proclaimed aim to find new,biological
control agents effective against cereal seed-borne diseases was started in 1989. Several newly
isolated soil fungi and bacteria were screened for these effects (Knudsen et a/. 1997), and
some ofthem were further tested underfield conditions (Knudsen ef a/., 1995, Johnsson efal,
1998). This paper reports on field effects, and the development of a formulation for

commercialisation of one of the bacterial strains, MA 342, unusually effective in suppressing

cereal seed-bomnediseases.

METHODS AND MATERIALS

Bacterial strains, disease-infested seed lots, and plant material were maintained and handled as

described by Hékeberg et al. (1997). The necessary greenhouse bio-assays were performed
using Drechslera teres infested barley seeds (Hékeberg et al., 1997), and field plot

experiments were carried out with different cereal seed-bome diseases using randomised block

designs. Experimental procedure, seed lots, pathogen infestation and disease assessment are

described by Johnsson eta/. (1998). The experiments were placed on experimental stationsor,

when convenient, in commercial crops. Most were located across Sweden but a number were
placed in other European countries, as far south as Spain.

Bacterial isolations from soil and roots were carried out on diluted Tryptic Soy Agar as
described in Hékeberg ef a/. (1997), and strains were identified usmg mainly commercial 



biochemicaltests (API, Biolog). Toxicological and pathogenicity data given were collected by

commercial, certified laboratories according to official regulations.

Table 1. Results obtained in single yearsin field experimentstesting effects
ofMA 342 against Drechslera graminea and D.teres in barley

and D. avenaein oats (After data from Johnssonef al, 1998).

 

Treatment Mean no.of infected plants/m_ in the year:

 

1991 1992 1993 1994 1995 1996 Tot. mean

Drechslera graminea-infected barley (cv. Agneta)

Control 31a’ -10la 60a «19a 36a 8=22a S2a
Guazatine/imazalil’? 2b Sb 4b 4b 4b 3b 4b

MA 342 3) 1b 7b 12b 7b 7b 4b 7b
D. teres-infected barley (cv. Golf)

Control 46a 48a 89a 68 a 86a 54a 63a

Guazatine/imazalil” 1b 1b 1b 1b 4b 0b 1b

MA 342 3) lb 1b 5b 7b 10b 1b 4b
D. avenae-infected oats (cv. Vital)

Control 74a! 22a 7a 19a 13a nt’ 34a
Guazatine/imazalil? 32 b 13b 16b 7b 6b nt 13b

MA 342° 7c 3c 20b 4b 7b nt 8b

TWithin column meansfollowed by the sameletter are not significantly different at P = 0.05

according to Duncan's multiple rangetest, ?Guazatine/imazalil applied at 600mg/40 mgai kg!

seed; °MA 342 broth applied at a dosage of 200 (1993)or 300 ml kg"! seed; * nt = not tested.

Table 2. Evaluation of control effects ofMA 342in field experiments of

a numberof seed-bomecerealdiseases.

 

Disease and crop Pathogen Disease No.offield

tested control effect experiments

Net blotch, barley Drechslera teres >95% 30

Leaf stripe, barley D. graminea > 95% 21

Leaf spot, oats D. avenae 16-90% 11

Spot blotch, barley Bipolaris sorokiniana 40-50% 4

Covered smut, barley Ustilago hordei > 85% 3

Loose smut, barley U. nuda None 11

Loose smut, oats U. avenae 80 - 90 % 13

Common bunt, wheat Tilletia caries > 95% 12

Soil-bomme common T. caries None 1

bunt, wheat

Dwarf bunt, wheat T. contraversa None

Snow mould, wheat Microdiochium nivale 35-50%

Leaf and glume Septoria nodorum >95 %

blotch, wheat

‘ Onefield experiment and one greenhouse experiment 



Oil-based formulations for greenhouse testing were prepared by mixing MA 342cell pellets,

collected through centrifugation, into rape-seed oil or a rape-seed oil-surfactant mixture

containing a blue stain. For field experiments a formulation was used that was based on

industrially fermented and concentrated MA 342slurry, mixedin a carrier based on rape-seed

oil, surfactant, and stain as described above.

RESULTS

Disease control underfield conditions

Field testing was carried out in barley, wheat, rye and oats during eight growing seasons,

namely 1991 to 1998 during which time it was tested under a wide range of climatic

conditions in Sweden and in other European countries. MA 342 showed control of several

seed-bomediseases similar to that given by standard fungicide seed treatments. Table 1 shows

results from six years offield trials on the control of Drechslera graminea and D. teres in
barley and D. avenae in oats. Table 2 gives an evaluation of field effects obtained against

other seed-borne pathogens.

Strain characteristics

The MA 342 strain wasisolated from roots of Empetrum nigrumcollected in Sweden. In

using conventionalidentification procedures including API 20 NE (API System Ltd. France),
Biolog GN MicroPlate (Biolog Inc. USA)and fatty acid analysis (MIDI, Newark Ltd., USA),

the strain shows closest affinity to the species Pseudomonas chlororaphis. It is unable to

multiply above 33° C, and has shown no detrimental effects in pathogenicity, toxicity and

animal feeding tests, Table 3.

MA 342-type bacteria (Ps. chlororaphis) are common in nature and have been isolated from

cultivated and non-cultivated soils, and from plant roots collected in Sweden and in various
European countries. The type MA 342 strain does not proliferate in river water and no

residue was detected in plant material or soil after treated plants were harvested.

Table 3. Results oftoxicological and pathogenicity tests performed with

strain MA 342.

 

Test performed Test results

Acuteoral toxicity studyin therat Nosignsoftoxicity and no animal died

Acute pulmonary toxicity/ MA 342 caused no hamm to thetested

pathogenicity study in therat animals

Skin imtation study in the rabbit MA342is not a skin irritant

Acute eye irmitation/corrosion study MA 342is not an eyeirritant

in the rabbit

The Buehler test for skin irritation Nosigns of delayed contact hyper-

sensitivity

Feeding test in chicken No adverseeffects observed 



Table 4. Emerged plants and suppressing effect of MA 342 on D.teres
infections in barley (cv. Golf) after seed treatment with different

dosages of bacterial broth culture. Results from a_ typical

greenhouse experiment. Figures are meansoffour replications.

 

Formulation Applied Emerged Diseased

dose, ml cellsx 1019 plants, plants,

kg“! seed kg -! seed %ofsown %
Non treated 0 0 90.0b' 24.1 b!
MA 342 broth 300 80 94.5 ab 05d

MA 342 broth 200 80 96.5a 2.1d

MA 342broth 50 80 92.0 ab 174¢

MA342broth 10 80 95.5a 31.4a

MA 342in oil formulation 10 80 92.0 ab lid

‘Within column meansfollowed by the sameletter are not significantly different at P= 0.05

according to Duncan's multiple rangetest

Table 5. e effect of dose, and cell concentration on the biocontrol effect

of seed treatment with oil-based formulations of MA 342 against

D. teres infections in barley, and Tilletia caries infections in
spring wheat. Result from field experiments carried out in 1997.

 

Formulation Applied No. of No.of

dose, ml cells x 10!9 plants diseased

kg"! seed kg"! seed m2 plants m~2
Barley experiments

Non treated 0 0 200 a' 56 a’
MA 342 broth 300 120 182a Od

Oil formulation alone 7.5 0 226a 34b

MA342in oil formulation 7.5 45 238 a 3d

MA 342in oil formulation 6.0 36 234a 4d

MA 342in oil formulation 4.5 27 226a Ile

Wheatexperiments

Non treated 0 0 250 a! 10a’
MA 342broth 20.0 8 226 ab 1b

MA342 in oil formulation 75 45 163 ¢ Ob

MA 342 in oil formulation 6.0 36 192 be 1b

MA 342in oil formulation 4.5 27 180 be 0b

‘Within column meansfollowed by the sameletter are not significantly different at P = 0.05

according to Duncan's multiple range test

Formulation, storability and bacterial mode of action

Since for most diseases simple bacterial broth treatment required up to 300 ml of broth kg-!
infested seeds to be fully effective (Table 4), a formulation was developed where the bacteria

were mixed with rape-seed oil containing small amounts of a surfactant, and a blue stain.

Using this oil-based formulation satisfactory efficacy was obtained at dosagesof6 - 8 ml kg’!

seed, Table 5. The formulation was compatible with existing industrial seed treatment equip-

ment and was used in large scale treatment of barley. It can, under conditions of fast seed
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seed, Table 5. The formulation was compatible with existing industrial seed treatment equip-

ment and was used in large scale treatment of barley. It can, under conditions of fast seed

germination, e. g. high temperature and adequate water supply, delay crop emergence in

wheat (Table 5), and a modified formulation is presently in field trials to overcomethis effect.

Without specific precautions the formulation is storable for about half a year (Fig. 1).

However, by adequate preparation (water content 8 % orless) it may be stored for a year or

longer with retained biological effect (data not shown). On treated seeds the biocontrol effect

is retained for years independent oftreatment method, bacterial broth versus oil formulation.

The bacterial mode of action is complex and is not elucidated in detail. Studies have shown

that bacterial cells must be present on the seed for efficient disease control. In broth as well as

on seeds the bacterial strain produces low amounts of a specific fungi-inhibiting metabolite, a

macrolide. However, this alone is not responsible for its efficacy, as mutants not producing

this substanceretain biological effect.

 

   

4
T

100 200

Formulation storage days

Figure 1. Suppression of D. teres infection in barley by oil-based

formulation after storing the formulation at 4° C for up to
eight months. The curves are at all points significantly
different statistically (P=0.05).

Commercial use

The strain MA 342 is patented andits registration as a biological control agent within the EU
is pending. An oil-based formulation, sold under the name Cedomon™,,is presently registered

in Sweden and Norwaywhereit is used commercially for treatment of barley. Seeds of about
60,000 ha of spring barley was treated in Sweden in 1998. Registration is pending in a

number of European countries. In Sweden, the product is accepted for use also in organic

farming.

DISCUSSION

The results showthat MA 342 can be usedas biological control agent for the control of

seed-bome diseases of wheat, barley and oats. It has shown similar activity to standard

fungicide seed treatments and has performed consistently over several seasons andin different

parts of Europe. The bacterial strain controls a broad spectrum of seed-bome diseases, but
has somewhat weak effects against Fusarium spp. and Bipolaris sorokiniana, and is not
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MA 342 has shown compatibility with all the commercial fungicides and insecticides so far
tested, except for one fungicidal preparation consisting of metalaxyl and mancozeb in mixture

which at high dosages may decrease the bacterial disease-controlling effect. These findings

allow use in commonseed treating equipment without extra cleaning or precautions, and also

the use ofthis preparation in integrated pest management.

Toxicological studies have shown that the MA 342strain is harmless to humans, animals and

to the environment, as it is a natural, commonly occurring bacterial strain. As a result, there

are no risks from residues in products, no restrictions in the handling of treated seeds and

there is the possibility to reuse packaging and even to feed treated seeds to animals,if not

used for sowing. In addition to facilitating distribution and handling of the product and the

treated seeds, these characteristics make the bacterial strain and the oil-based formulation

containing only food-quality ingredients, compatible with organic farming regulations.

Current experience says that the formulation is commercially acceptable for use in barley. The

existing vegetable oil-based formulation meets industrial demands for low volume application

(< 10 ml kg’ seed), adequate storage stability and compatibility with industrial scale

application equipment, but presently has some weaknesses in delaying wheat emergence under

certain conditions. Work is in progress to addressthis factor that will extend the attractiveness

of this unique and environmentally acceptable method of combating cereal seed-bome

diseases.
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ABSTRACT

Fluquinconazole, already used commercially as a fungicide for foliar application

has also been developed as a cereal seed treatment in order to exploit its unique

properties more fully. It provides exceptional control of cereal take-all

(Gaeumannomyces graminis var. tritici) arguably the most important cereal

disease which cannot be controlled by available commercial products as well as

giving long term protection against infection by Puccinia spp. and Septoria spp.

leaf diseases comparable to that from foliar applications. In addition, control of

seed borne diseases such as Ji/letia spp. and Ustilago spp. is provided.

INTRODUCTION

The use of a seed treatment fungicide is a standard commercial precaution against seed andsoil-

borne diseases. Some seed treatment fungicides are already available, which complement or can

even replace foliar fungicide sprays (Mugnier ef al., 1991). However, the devastating effects of

take-all cannot (Jenkyn & Prew, 1973) or can only partially (Bateman, 1986) be controlled by

current fungicide treatments, and cultural practises such as crop rotation, sowing time, and

fertiliser use are normally relied upon to reduce the impact of this disease. The solutiontoall

three problems with a single measure would be a significant advancein plant protection.

The unique properties of the triazole fluquinconazole as a foliar fungicide have been described

by Russell et a/. (1992). Fluquinconazole products, applied via the seed, now offer the grower a

one-shot solution to protect cereal crops against take-all and classical seed and soil-borne

diseases. This treatment can also provide almost season-long control of the most important

foliar pathogens. This paper describes the unique properties of fluquinconazole applied as a seed

treatment fungicide.

MATERIALS AND METHODS

Formulation: A water based FS-type formulation, containing 167 g/l fluquinconazole.

Doserates: 300-900 ml/100 kg seeds(i.e. 50-150 g a.i./100 kg seeds).

Application: Ready for use (undiluted) application to clean cereal seeds prior to sowing.

Data collection: Assessments according to standard methods (details are given in the results

section).

The results reported in this paper were obtained from small plot field trials in winter wheat

unless otherwise stated. 



RESULTS

From the considerable research programme conducted to date, representative single trial results

or compilations on crop safety and on the activity of fluquinconazole seed treatment against

different pathogens are reported.

Cropsafety

The crop safety of fluquinconazole seed treatment was assessed inall field trials. Results from

six UK selectivity trials on winter wheat with the proposed and double dose rate conducted in

1995/96 are given. Assessments were made at crop emergence. Table 1 shows the emergence

and Table 2 the vigourscore,relative to two standard commercial products.

Table 1. Emergence counts at growth stage BBCH9 - 11 (6 trials, UK 1995/96)

 

Emerged plants / m?

Product (dose rate g a.i/100 kg seed) Minimum Maximum Average Average Relative
 

untreated 233 450 345 100

fluquinconazole (75) 279 425 34] 99

fluquinconazole (150) 281 440 352 102

triadimenol (37.5) + fuberidazole (4.5) 228 420 320 93

triadimenol (75) + fuberidazole (9.0) 238 390 302 88

bitertanol (56.25) + fuberidazole 247 447 344

(3.45)

bitertanol (112.5) + fuberidazole (6.9) 246 377 325
 

Table 2. Vigour score figures at growth stage BBCH 9 - 11 (6 trials, UK 1995/96)

 

Vigour score (0 - 10 scale, where 10 = full vigour)

Product (dose rate g a.i/100kg seed) Minimum Maximum Average Average Relative

 

untreated 7.8 10.0 8.9 100

fluquinconazole (75) 8.0 10.0 8.9 100
fluquinconazole (150) 8.0 9.8 8.8 100

triadimenol (37.5) + fuberidazole (4.5) 4.0 9.0 6.2 69

triadimenol (75) + fuberidazole (9.0) 2.3 6.8 42 47

bitertanol (56.25) + fuberidazole 5.5 9.8 8.1 92

(3.45)

bitertanol (112.5) + fuberidazole (6.9) 2.8 9.8 7.5 85
 

Fluquinconazole showed no adverse effect on the number of emerged plants or on plant vigour

at either the proposed label rate of 75g a.i./100 kg seed or double dose rate compared with

standard products which were generally less selective.

Gaeumannomyces graminisvar. tritici
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Gaeumannomyces graminisvar.tritici

Table 3 showsthe effect of a fluquinconazole treatment (75 g a.i./100 kg seeds) applied alone,

or in combination with a conventional seed treatment, in a high infection situation on take-all

root infection levels (BBA-scale — Mielke, 1974), the occurrence of white heads and yield

effects.

Table 3. Effects of fluquinconazole seed treatment against take-all (Germany, 1997).

 

Product / dose rate Rootinfection White heads Yield

(g a.i./100 kg seed) (BBCH 39) % relative: t/ha relative:

(1-9 scale) untr.=100 untr.=100

untreated 7.0 6.5 100 5.88 100

fluquinconazole (75) 3.5 3.5 54 7.41 126

prochloraz-Cu (16.63) 6.9 7.1 109 5.76 98

+ carboxin (80)

prochloraz-Cu (16.63) 45 4.9 75 6.94 118

+ carboxin (80)

+ fluquinconazole (75)

Treatment with fluquinconazole reduced the take-all root incidence by 2 to 3 disease classes.

There was no significant difference, whether fluquinconazole was applied alone or in

combination with a conventional fungicide seed treatment. The effect of fluquinconazole

treatment on the take-all root incidence resulted in a 30-50% reduction of white heads and gave

a corresponding yield increase of 1.2-1.5 t/ha (20-26%). More results from field trials

evaluating fluquinconazole specifically for control of take-all are reported by (Léchelef a/.).

Puccinia recondita

The results from French trials (1995-1997) against P. recondita are compiled in Table 4.

Fluquinconazole showed commercially acceptable and long-lasting activity, and the target dose

of 75 g a.i./100 kg seeds wasat least equal to the standard treatment with a triticonazole-based

product.

Puccinia striiformis

The efficacy of fluquinconazole against yellow rust was confirmed in French trials and the

results are shown in Table 5. The fluquinconazole treatments showed flat dose response with

even the lowest rate being equivalent to a standard triazole-based treatment.

Puccinia hordei

In South Africa, a high level of activity against rust was confirmed on barley (Figure 1). There

was no dose-related response with fluquinconazole, and all rates tested were superior to the

standard treatment with a triadimenol-based product. 



Table 4. Effect of fluquinconazole seed treatment against P. recondita (“% control).

 

BBCH39 - 49 BBCH S51 - 60 BBCH 65 - 71

Product /doserate L4 L3 L2 L2 Ll L3 L2 Ll

(g a.1./100 kg seed) (n=2) (n=4) (n=3) (n=7) (n=4) (n=l) (n=2) (n=3)

triticonazole (120) + 74 62 60 65 82 54 44

anthraquinone (84)

fluquinconazole (50) 89 86 62 54 82 68 52

fluquinconazole (75) 83 aT 67 66 76 54 52

fluquinconazole (100) 87 85 68 66 90 63 59

fluquinconazole (125) 90 86 70 7] 71 12 61

Table 5. Effect of fluquinconazole seed treatment against P. striiformis (France, 1997)

 

Product / doserate (g ai / 100 kg seed) % control (min. — max.) n=16

 

triticonazole (120) + anthraquinone (84) 93 (69 — 100)

fluquinconazole (50) 91 (30 — 100)

fluquinconazole (75) 90 (45 — 100)

fluquinconazole (100) 93 (67 — 100)

fluquinconazole (125) 96 (82 — 100)

 

 

 

%
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fluquinconazole (25)  fluquinconazole (37.5)  fluquinconazole (50) triadimenol (22.5)

doserate in g a.i. / 100 kg seeds

[CAL3 (100%infest.)CIL2 (8% infest.) MILI (17% infest.)
 

Figure 1. Effect of fluquinconazole seed treatment against P. hordei (RSA, 1994). 



Septoria tritici

Table 6 compares the activity of the fluquinconazole seed treatment with a standard seed

treatment and a foliar application of a triazole fungicide applied at BBCH 37-39. The

fluquinconazole treatments were superior to the standard seed treatment and comparable with

the foliar fungicide application up to BBCH 51-65.

Tilletia caries and Tilletia controversa

The activity against bunt (Zi//etia caries) was confirmed in five UK trials and the results are

shownin Table7.

Table 6. Activity (% control) of fluquinconazole against Septoria tritici (France, 1995-97).

 

Growth stage GS32 GS39 GS51-65 GS77
Product (g a.i/100 kg seed) L6(n=2) L5 (n=3) L4(n=2) L3(n=2) L3 (n=3) LI (n=1)

foliar spray (tebuconazole 32 53 84

250 g a.i./ha)

triticonazole (120) + 12 14 25

anthraquinone (84)

fluquinconazole (50) 45 42 39

fluquinconazole (75) 42 39 58

fluquinconazole (100) 47 48 65

fluquinconazole (125) 45 49 69
 

All treatments achieved complete control. The level of control required for registration in

Germany is 99.5%. Current (1997/98) seed treatmenttrials in Germany show also a highlevel

of activity of fluquinconazole against dwarf bunt (Zi//etia controversa).

Table 7. Effect of fluquinconazole against Tilletia caries (numberof infected ears/m?at
BBCH 73-85) (UK 1995/96).

 

Product (doserate Triall  Trial2  Trial3  Trial4 Trial 5 Mean

g a.i./100 kg seed)

untreated 226.2 107.4 44.8 13.8 91.6 96.8

fluquinconazole (50) 0.0 0.0 0.0 0.0 0.0 0.0

fluquinconazole (75) 0.0 0.0 0.0 0.0 0.0 0.0

fuberidazole (4.5) + 0.0 0.0 0.0 0.0 0.0 0.0

triadimenol (37.5)

Ustilago nudaf. sp.tritici

Theactivity of fluquinconazole against loose smut in wheat was confirmed in three German

registration trials in 1996/97. At a dose rate of 75 g/100 kg seeds fluquinconazole achieved an 



average control of 99.5% in excess of the minimum 95% requirement for registration in
Germany. ‘

DISCUSSION

The data have shownthat fluquinconazole seed treatment provides versatile and comprehensive

control of take-all, seed-borne and foliar diseases of cereals. The farmer will benefit from

increased yields, a simplified disease control programmeandgreaterflexibility in crop rotation,

all of which will fit well with an integrated approach to crop production.

The unique biological performance of fluquinconazole is believed to be due to its

physicochemical properties. Compared with commercially available triazole seed treatmentsitis

extremely crop safe even at high dose rates. Research into how it achieves these effects is

continuing. Preliminary investigations (Buchenauer, pers. com.) suggest that a long lasting

protection zone is created around the seed which in turn provides a source for the uptake of the

compoundintothe plant over a prolonged period.

The target dose rate for practical use is 75 g a.i./100 kg seed (450 ml formulated product/100

kg seed). To enlarge the spectrum to include seed-borne diseases notably Fusarium spp.,

coformulations with prochloraz are available. For simultaneous protection against other targets,

e.g. insect pests, fluquinconazole can beapplied in mixture with other seed treatment products.

Fluquinconazole-based seed treatment products will be marketed under the trade name

‘Jockey””.
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ABSTRACT

Experiments at ADAS Rosemaund in Herefordshire, UK. in harvest years 1994-6,

investigated the effect of a novel seed treatment for the control of take-all, on 8

varieties of winter wheat, grown aseither first, second or third successive wheat

crops. In the 1996 season, sequential measurements of take-all severity and crop

growth were taken. Take-all reached moderate levels from May onwards. Treatment

with MON 65500 provided significant control. Nitrogen uptake of the crops

declined with increasing number of preceding wheat crops from 225 kg ha” to 202

kg ha’in third wheats in 1996. This effect was removed by the seed treatment.

The seed treatment also increased green area retention during early grain filling and

increased harvest above-ground biomassofthe crops. In 1996, yield in the absence

of the seed treatment tended to decline with increasing number of preceding wheat

crops from 9.6 t ha’' in first to 8.8 t ha! in third wheats and there was a trend for

this effect to be negated by the seed treatment. A cross-year analysis of first and

second wheats showed that MON 65500 produced a significant yield benefit,

averaging 0.47t ha’. There wasa significant interaction between variety and seed

treatment, indicating the importance of variety in determining the likely yield

response to treatment. Three third wheat experiments conducted by Monsanto,

demonstrated significant beneficial effects of the seed treatment on yield. The work

shows that MON 65500 minimises the yield reducing effects of take-all by

ameliorating the principaleffects by which the disease is thought to reduce yield.

INTRODUCTION

A significant proportion of UK wheat is grown following another cereal crop. Over the period

1989 - 1996, non-first wheats have accounted for between 36 and 59 % of the UK crop.

Although the proportion of non-first wheats has been lower in recent years, following the

widespread introduction ofset-aside (Polley, unpublished data), a large proportion ofset-aside

is in the form of natural regeneration, which does not form a complete take-all break (Jones ef

al., 1996). Hence, a high proportion of wheat cropsare still at risk of take-all infection. Non-
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first wheats. are widely recognised as being lower yielding than first wheats. Nix (1995)

estimated that second wheat crops yield 12.5% less than first wheats, and that third wheat crops

yield 10-15% less than second wheats. The lower yield ofnon-first wheats is due to a number of

factors, namely; lowersoil fertility than following high residue break crops, increased stem-base

disease and increased take-all. The impact ofthe first two of these can, to a large extent, be

minimised through careful crop husbandry; accurate accounting for mineral N residues in

deciding onfertiliser N applications, and control of stem-base disease through varietal resistance
and early season fungicide application. Vaiydanathan ef al., (1987) reported that, in non-first

wheatcrops, after discounting the effects ofN, mean yield loss due to take-all was in the order

of 1 tha’. Control of take-all remains difficult. It has been reported that varietal resistance to

take-all has not been found (Hollins ef a/., 1986), and that the identification of resistance in

wheat and breedingofresistant varieties is unlikely (Scott ef a/., 1989). There are currently no

fully effective, commercially available means of chemical control of the disease and novel

methodsofcontrol such as biological control agents have proved unreliable. The most effective

method of minimising the impact of the disease through husbandry is delaying drilling of the

crop, which may also directly reduce the yield potential of the crop. The work reported here

tested a novel seed treatment, MON 65500, for control oftake-all.

MATERIALS AND METHODS

MON65500 wasincluded in a Home-Grown Cereals Authority (HGCA) funded experiment at

ADASRosemaundin harvest years 1994-6. The experiment investigated responsesofvarieties

to take-all control. Different levels of take-all were produced by phasing in either a first, second

or, in harvest year 1996, a third wheat crop, on each of three main plots. Each treatment was

replicated three times. Main plots were split into two and each ofeight varieties of wheat were

grown in both halves of the main plot either with or without MON 65500. The eight varieties

were chosen to contrast for characteristics thought to bestow tolerance or intolerance to take-all

(Spink eal., 1996), tolerance being defined here, as the capacity of a crop to minimise yield
loss per unit disease severity. The varieties were Brigadier, Cadenza, Lynx, Rialto, Riband,

Soissons, Spark and Zentos.

In 1996, progress of the take-all epidemic was recorded by sampling cv. Spark from each sub-

plot on an approximately fortnightly basis from Decemberuntil harvest the following year. In
addition, during grain filling, take-all severity was measured on all plots using an index (Spink er

al., 1996) with a range of 0 (no disease) to 100 (all roots infected). Four varieties (Brigadier,

Riband, Soissons and Spark) from each rotational position and seed treatment, crop samples of

0.81 m* were used to assess nitrogen uptake, above ground dry mass production and

partitioning and crop canopy productionin terms ofgreen area index (GAI; the number ofunits

of planar area of green stem, leaves and ears per unit ground they occupy). Some limited

sampling wasalso donein harvest year 1995, and nitrogen uptakeresults are reported.

In addition, experiments investigating the response of up to ten varieties of winter wheat to

MON65500 were conducted by Monsanto, These experiments were carried out on three third

cereal sites in 1996-7. There were two sites in the UK at Oakham, Rutland and Wellington,

Shropshire, and one in the Republic ofIreland at Ballyragget, Co. Kilkenny. 



RESULTS

Take-all

In 1996, take-all remained at a low level until the end of April, associated with cold spring
temperatures, thereafter on second andthird wheatsit started to rise rapidly, achieving a final
index on untreated third wheat crops of 31 (Figure 1). The disease was consistently less severe
on first wheat crops. Second and third wheat crops weredifficult to distinguish until later in the
season. MON 65500 reducedtake-all in all rotational positions. The greatest reduction in take-
all was seen in the latest assessment on third wheat crops, where the disease severity was
reduced by an average of 33% (P = 0.009). There wasnosignificant difference in the level of
disease between cultivars (Table 1).
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Figure 1. ADASRosemaund, 1996, Take-all progression on cv. Spark expressed

as an index on untreated wheat crops.

Table 1. Final take-all indices for each variety, grown as first, second andthird

successive wheat, without MON 65500, ADAS Rosemaund, 1996.

 

Rotational position

Variety First Second Third

Brigadier 10.3 20.7 23.0

Cadenza 8.7 15.3 22.3

Lynx 12.0 20.3 21.3

Rialto 11.3 18.0 21.7

Riband 10.3 19.0 20.3

Soissons 12.7 18.7 26.0
Spark 5.7 23.0 30.7
Zentos 8.3 18.3 18.3

Mean 9.9 19.2 23.0

s.e.d. P
Rotational position 1.92 0.012

Variety 1.91 NS
Position x Variety 3.64 NS

 

 

  



Crop growth

The main effects of take-all on the crop are to restrict water and nutrient uptake (Homby and
Bateman, 1991). In 1995 and 1996, the final nitrogen content of the crop was measured to

indicate any effects ofthe disease on nitrogen acquisition. In 1996, total nitrogen uptake for the
first wheat crops averaged 225 kg N ha’, whethertreated or untreated with MON 65500. As
wheat crops were grown in successively longer runs andthe level of the disease increased, total

nitrogen acquisition by the crops declined to 215 and 202 kg N ha” for second and third wheat

crops respectively. Where treated with MON 65500 the level of nitrogen uptake remained

consistent across the rotational positions varying from 223 to 225 kg N ha’. A similar but

minor effect was noted in 1995. In the absence of seed treatment, nitrogen off-take dropped

from 182 to 177 kg N ha’ when grown asa secondas opposedto first wheat. Nitrogen off-

take was maintained with the seed treatment at 190 kg N ha’in both thefirst and second wheat

(Figure 2).
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Total harvest nitrogen off-take (kg ha’) averaged acrossthevarieties,forfirst,

second in 1995 and 1996, and third wheatplots in 1996, with and without

MON65500.

Total GAI, at either GS 31 or 39, waslittle affected by rotational position or seed treatment

(Figure 3). By GS 65 however, both the second and third wheatplots had significantly poorer

green area retention than the first wheat plots. MON 65500 significantly increased green area

retention across all rotational positions at this stage, the magnitude of the effect increased with

rotational position, increasing GAIby 0.7 (from 7.0 to 7.7), 0.8 (from 6.2 to 7.0) and 1.0 (from

6.5 to 7.5) on first, second and third wheat crops respectively (Figure 3). By mid-grain filling, as

green area wasdeclining rapidly, the effect ofthe seed treatment was diminished. 
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Figure3. Green area indexforfirst, second and third wheat crops, with and without

MON65500 in 1996. Seed treatment s.e.d for GS 65 = 0.335, (P = 0.05).

Increased green area retention due to MON 65500resulted in greater total crop growth, which

was seen in significantly (P<0.05) increased total above-ground biomass at GS 87 (Figure 4.).

The effect was greatest in first and third wheat crops, there being no apparent effect on second

wheatcrops.
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Figure 4. Total crop biomass (t ha’ @ 100% d.m.) measured at GS 87, on first, second

and third wheat crops, with and without MON 65500, in 1996.

Yield

In the Rosemaund experiment, yield of untreated first wheats averaged 8.73 t ha’ @ 85% d.m.

Across the three years of the experiment, on first and second wheats, the seed treatment

significantly increased yield by an average of 0.47 t ha’. In 1996, yields tended to decline with

increasing rotational position, first, second and third wheats yielding 9.58, 9.47 and 8.75 t ha”

respectively although these differences were notstatistically significant. Where MON 65500

was applied, yields were maintainedacrossrotational positions at 9.34, 9.58 and 9.49 tha’ for

first, second and third wheats respectively. However, increased error variation, brought about

by the patchy nature of the disease prevented someeffects reachingstatistical significance. In a 



cross-year analysis of first and second wheats, there was a significant interaction between
variety and seed treatment, with some varieties producing larger yield responses (e.g. Brigadier)
to seed treatment than others (e.g. Rialto). Within the third wheats in 1996, responses of the

varieties to the seed treatment were consistently positive and ranged from about 0.5 t ha’ to

1.35 tha”.

Table 2. Yield (t ha’ @ 85% d.m.),for each variety, grown asa first, second (1994 - 6) or

third (1996 only) wheat, with or without MON 65500, ADAS Rosemaund.Statistics

apply to cross-year analysis of first and second wheatsonly.

 

First Second Third

-MON +MON_ -MON +MON - MON +MON

Brigadier 8.90 9.77 8.77 9.80 8.81 10.16

Cadenza 8.22 8.92 8.56 9.12 8.76 9.54
Lynx 9.13 9.80 9.03 9.58 9.18 9.70

Rialto 9.60 9.72 9.32 9.33 9.62 10.15
Riband 8.39 8.91 8.70 8.88 8.32 9.12

Soissons 8.94 9.55 8.56 9.42 9.00 9.72
Spark 8.61 8.55 8.09 8.48 8.36 8.92

Zentos 8.08 8.35 8.10 8.43 7.96 8.63

Mean 8.73 9.19 8.64 9.13 8.75 9.49

s.e.d P

Rotational position (df = 6) 0.387 NS

Seed treatment (df = 12) 0.211 0.044

Position. x Seed treatment 0.441 NS

Variety (df = 182) 0.118 <0.001
Posn. x Variety 0.417 NS
Seed treatment x Variety 0.262 0.002

Table 3. Yield t ha’ @ 85% d.m. from the Monsanto experiments.

 

Shropshire Rutland Co. Kilkenny
Varieties - MON + MON - MON + MON - MON + MON

Beaufort 7.90 8.60 7.25 7.10 -

Brigadier LIS 8.30 7.73 7.88 8.10

Cockpit 8.40 8.73 8.43 8.60 -

Consort - - - - 8.35

Crofter 7.90 8.23 7.73 7.30 -

Encore 7.85 8.05 7.30 7.65 -

Hereward 7.38 745 7.75 7.60

Hussar " si - 7.95

Madrigal 8.00 8.78 7.98 7.93 8.50

Mercia 7.75 8.93 8.03 8.83 8.93

Reaper - - 8.13

Rialto - - 8.78

Riband 7.05 7.13 -

Ritmo - - 8.25

Soissons 5.95 6.25 7.75

sed P s.e.d.

Seed Treatment 0.080 <0.05 0.145

Variety 0.311 <0.001 0.430

Seed trt * Variety 0.359 NS 0.539 



In the Monsanto experiments, there were consistent significant effects of both seed treatment

and variety on yield. The average response to treatment varied according to severity of take-all,

as measured at GS 75, the lowest being 0.17 t ha” in Rutland (T.A.I = 22), then 0.5] t ha” in

Shropshire (T.A.I. = 44) and 1.52 t ha’ in Co. Kilkenny (T.A.I. = 73). The varieties showed a

range of response to the treatment, but the interaction between seed treatment and variety was

not statistically significant.

DISCUSSION

Take-all is thought to reduce crop yield by reducing water and nitrogen acquisition by the crop,

through a reduction in rootfunction. The effect of take-all in reducing water uptake by the crop

may be considered as being analogous to the crop experiencing drought. One of the main

effects of a post-anthesis drought (which would be comparable to the timing of the take-all

epidemic in the 1996 Rosemaund experiment) is to reduce canopy persistence (Foulkes ef al.,

1997). The main effects of MON 65500 on the crop in this study were to maintain nitrogen

content ofthe crop across the rotational positions and to improve green canopyretention during

grain filling. These effects indicate that the chemical was having a real effect in reducing the

impact oftake-all on the crop.

Although in the Rosemaund experiment in 1996, the chemical reduced the severity of the

disease, it did not provide complete control. The reduction in disease severity by the chemical

was, however, sufficient to maintain yields at first wheat levels. This type of study needs

repeating in a more severe take-all epidemic, to establish the level of yield recovery.

In the Monsanto experiments, on third wheat crops, MON 65500 consistently produced a

significant increase in yield. In the experiment in the Republic ofIreland, this effect waslarge

compared to the average yield loss due to take-all estimated by Vaidyanathan et al. (1987).

However, in the absence of a comparison with a first wheat crop in the same field, it is

impossible to judge whether the treatment completely restored the yield ofthe crop.

A number of approaches may be combined to reduce the severity or impact of the disease on

yield, such as; crop rotation (Hormby and Bateman, 1991), avoidance of early sowing date

(Yarham, 1986; Prew et al., 1986) and increased amounts of early spring nitrogen fertiliser

(Prew et al., 1986). An additional approach could bethe selection of varieties which have been

shown to exhibit traits thought to associate with take-all tolerance (Anon, 1998). The work

reported here showsthatvarietyis also likely to be an importantfactor in determining the likely

yield response to treatment with MON 65500. Brigadier and Rialto represent varieties close to

the extremes in terms oftrait expression likely to bestow intolerance and tolerance respectively

to take-all, (Spink ef a/., 1996). Overthe three years, Brigadier produced the largest response

to seed treatment and Rialto the smallest. This effect was also seen in the responses measured

in the third wheat comparison made during 1996,

The studies reported here have shown that MON 65500 could play a valuable part in an

integrated approach to managing wheatcropsin take-all risk situations. 
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ABSTRACT

Somepesticides are highly biologically active and may harm aquatic life if they

enter water. Pesticides may reach water via spray drift, surface run-off, movement

through the soil and soil erosion. One way of reducing the amount of pesticide

entering water, particularly from spray drift, is by the use of buffer zones or

no-spray zones. This paper describes the current scheme for buffer zones in the

UK and proposals for the introduction of a scheme of Local Environmental Risk

Assessment for Pesticides (LERAP). It also discusses further ways in which

LERAP may be developed and alternative methods of providing the necessary

protection of the aquatic environment.

INTRODUCTION

Somepesticides are highly active and very small quantities entering water can haveserious impacts

on aquatic species. Pesticides can reach water by a numberofdifferent routes. These include

direct over-spray orspillage, spray drift, surface run-off, lateral flow throughthesoil, drain flow,

and on soil particles via soil erosion.

Aspart of the process of considering pesticides for approval or review,the risk to the aquatic

environment needs to be assessed. Should this risk be considered unacceptable, there are a

numberofoptions available to the agrochemical manufacturer that may be used to mitigate the

risk. These risk managementoptionsincludelimiting the dose rate, crop range,time ofapplication,

application technology and area ofapplication. In addition, under the conditions of approval, a

specified width ofland alongside watercourses whereit is not permitted to apply the product can

be imposed. This area has become knownas the no-spray or buffer zone. The primary aim ofthe

buffer zoneis to minimise water contamination by spray drift. The buffer zone can also reduce

contamination from surface run-off and soil erosion but haslittle influence overlateral flow

through the soil, drain flow or movement to shallow groundwater.

CONSIDERING THE NEED FOR AND SETTING BUFFER ZONES

Tooby (1997) provides a detailed description of the methodology required under the Pesticides

Authorisation Directive, 91/414/EEC andthe Uniform Principlesto calculate the risk ofa pesticide

product to the aquatic environment and the potential effectiveness of a buffer zone in risk

reduction. Essentially, the process involves calculating the Predicted Environmental Concentration 



(PEC)in water from applying the pesticide alongside a watercourse and comparing this with the
toxicity of the product to aquatic organisms. From this a Toxicity : Exposure Ratio (TER)is
calculated. Should the TER be below 100 for acute exposure or below 10 for chronic exposure

an authorisation cannot be granted without considering risk managementoptionsor furtherfield

data demonstrating no unacceptable impact.

In considering reducing the risk from spray drift, drift curves such as those produced by
Ganzelmeier ef a/. (1995) are taken into account to recalculate the PEC and TERfordifferent

widths ofbuffer zone. Forinstance,it is estimated that a 6m buffer zoneforfield crops will reduce
the PEC and henceincrease the TER by approximately an order of magnitude. In this way, the

size of buffer zone required to protect the aquatic environment can be determined.

Using this methodology, over 400 products containing nearly 100 active substances now have a

statutory buffer zone requirement in the UK. Typically buffer zones have been set at 6m forfield

crops, 2m for hand-held applications and 18mfor orchardsreflecting the levels of drift associated

with application techniques usedin thesesituations.

DIFFICULTIES WITH THE CURRENT SCHEME

In theory, the current buffer zone scheme should provide the protection required for the aquatic

environment. However, despite the schemebeing a statutory requirement under the Control of

Pesticides Regulations (1986),it is difficult to enforce without a mechanism to check compliance.

In practice, farmers find the scheme complex andinflexible. There is some confusion over which

pesticides carry buffer zone requirements and there aredifficulties over practical implementation.

For instance, leaving a buffer zone unsprayed can provide a sourceoffurther infection for the

mainpart of the field necessitating repeated pesticide application. To overcomethisdifficulty,

farmers maybeable to use a product without a buffer zone requirementeither across the whole

field or in the buffer zone alone. However, in some cases farmers may haveto resort to not

cropping the 6m alongside watercourses.

Tank mixes of pesticides with and without buffer zone requirements also present practical

difficulties. In this situation, to adhere to the law, farmerscaneither operate the buffer zone for

the whole tank mix or apply those pesticides without a buffer zone requirement to the areas

adjacent to watercourses before adding to the spray tank those pesticides with buffer zone

requirement and applying the mixture to the rest of the field. The former option may not provide

the level of crop protection required in the buffer zone while the latter increases the time to
complete the application.

Under the Water Resources Act 1991, watercourses include dry ditches which temporarily carry

water for part of the year. This means that buffer zone requirements apply to ditches even when 



dry at the time of spraying. To avoid needing to apply buffer zones in these circumstances,

farmers may be temptedtofill in or pipe dry ditches with a consequent loss of what can be an

important semi-natural habitat.

Aswell as, these practical difficulties, the current buffer zone requirementsareinflexible and take

no accountoflocal factors which may reducethe risk to the environment. Current buffer zones

adopt a precautionary approach and are based on worst case scenarios ofspraying alongside small

watercourses with modest dilution at maximum recommendedrates.

LOCAL ENVIRONMENTALRISK ASSESSMENT FOR PESTICIDES (LERAPS)

In recognising the difficulties with the current scheme, the UK’s Advisory Committee on

Pesticides (ACP) has proposed a new scheme which wasput out to consultation in November

1997 (Pesticides Safety Directorate, 1997). The proposed scheme should be more enforceable

and hence achieve improved protection of the environment.

Under the proposals, farmers would undertake a Local Environment Risk Assessment for

Pesticides (LERAP)for those products which attract a buffer zone. The LERAP would determine

whether local factors may allow the size of the buffer to be reduced without compromising

protection ofthe environment. There would be an underpinning minimum buffer zone of 1 - 2m

irrespective of local conditions. The LERAP would be recorded and available for inspection by

Health and Safety Executive (HSE) farm inspectors, hopefully leading to improved compliance

and enforceability.

The ACPhasidentified a range of possible local factors that could be taken into account when

considering the necessary size of buffer zone. These have been presented as those which could

be included immediately (size and flow rate of watercourse, use of reduced rates), those which

could be considered in the future (engineering controls, windbreaks) and those which should not

be included (quality of watercourse, wind direction).

Size and flow rate of watercourse

In calculating the PEC and TERas described above,it is assumed that the receiving watercourse

is static, 30 cm deep and 1 m wide. This size of watercourse is relatively small and would only

provide a modest degree ofdilution. In addition, greater dilution would generally be expected

with a flowing watercourse than with a static water body. The ACP hastherefore proposed that

a larger and/or a flowing watercourse could require a smaller buffer zone whilst maintaining the

samelevel of environmentalprotection.

In addition, the ACP suggested that ditches dry at the time of spraying do not need the samelevel

of protection as bodies containing water throughoutthe year. This is because, before water and

aquatic life returned to such ditches, pesticide levels are likely to decline due to adsorptionto soil 



particles and/or degradation.It has therefore been proposedthat ditches dry at the time ofspraying

only require the underpinning minimum buffer zone.

Reducedapplication rates

In setting buffer zonesit is assumed thatpesticides are applied at the maximum applicationrate.

However, many farmers may apply pesticides at reduced rates and in these circumstancesit should
be possible to reduce the buffer zone accordingly.

Engineering controls

As well as local weather conditions, the level of spray drift is greatly influenced by a variety of

factors within the control of the operator. These include forward speed of the sprayer, spray

pressure/velocity of spray, delivery technology, nozzle type and boom height. By manipulating

these factorsit is possible to have a dramatic effect on the level ofdrift. For instance, operating

at slower forward speeds, higher spray pressures, lower boom heights and with coarser sprays will

significantly reduce drift (Miller, 1998).

There are a numberof nozzles on the market which claim to reduce drift. For instance, Cecil

(1997) has shownthat, by using nozzles specifically designed to reduce the proportion of very

small drops and incorporate air bubbles in the larger drops, drift can be reduced by over 50%

whilst maintaining pesticide efficacy. Hobsonet al (1993) have developed a computersimulation

model to examine spray drift from hydraulic spray nozzles and Southcombeet a/ (1997) have

proposed a drift potential classification system for nozzles. In addition, modern sprayer

technology suchasair assisted spraying, shrouded boom spraying and electrostatic charging

systems can also reduce drift (Miller, 1988).

Spray drift is also influenced by the properties and formulation of the pesticide. There are a

range of adjuvants available for addition to the product that have been specifically designed to

lower drift by reducing the volumeoffine droplets with noloss in pesticide efficacy (Wills et al,

1997).

The ACP considered that engineering controls that reduce drift could be included in a LERAP

approachin the future but that further drift data were required to calculate appropriate reductions

in buffer zone width. In this respect, the Pesticides Safety Directorate is considering the future

use of an “official recognition scheme” to authorise low drift sprayers for which reduced buffer

zones could apply.

Windbreaks

Planting trees as windbreaks around orchards is commonpractice in the UK to protect the crop

from wind damage. The ACP consideredthat, in theory, such windbreaks would seem likely to

reduce pesticide contamination of watercourses by trapping some spray drift. However, it

concluded that, before windbreaks could be included in the LERAP arrangements, further

scientific evidence to support the theory was required. 



Quality of the Watercourse

Watercoursesvary in their ecological value. The Environment Agencyclassify the water quality

oflarger rivers and canals in England and Wales using the General Quality Assessment scheme

(GQA) (Environment Agency, 1997). This includes assessment ofbiological quality of each

stretch of river covered by the scheme. Whilst some stretches of river have improved and others

declined, between 1990 and 1995 there was a net 26% improvementin river biology across
England and Wales.

The ACPconsidered the possibility ofexcluding buffer zones from or providing lower protection
to watercourses of lesser ecological value. However, such an approach would detract from the
currentefforts and success in reducing waterpollution from a variety of sources and the overall

improvementin the biological quality ofrivers. It was therefore concluded that the quality of the

watercourse should not be included in the LERAP.

Winddirection

In theory, wind direction should influence the extent of spray drift, however, there is no firm

supporting scientific evidence. Wind direction is variable and may change between undertaking

the environmental assessment and makingthe spray application. It would also be open to abuse
since there is no ready way of independently verifying wind direction at the time of spraying. For

these reasons the ACP concluded that wind direction should not be included in the LERAP.

ADVANTAGESAND DISADVANTAGESOF THE PROPOSED LERAP SCHEME

As discussed above, the current scheme of buffer zones has been criticised because it takes no

account of local conditions, it poses practical difficulties and it is difficult to enforce. The

proposed LERAP scheme overcomessomeofthese difficulties in that it would take account of

local conditions in determining thesize ofbuffer zone required. The record keeping aspect ofthe

proposal meansthat the scheme should be more enforceable leading to improved compliance.
Experience ofhealth and safety legislation by the HSEindicates that those that undertakea risk

assessmentarelikely to follow it, whilst the need to produce a written assessment at routine

inspections should makeit easier to police those that do not comply. The LERAP proposal is also

scientifically sound and should highlight the importance of buffer zonesto pesticide users.

However, the LERAP does not address someofthe difficulties with the current scheme. LERAP

will be more complex and possibly more difficult to understand that the current arrangements.

There will be a greater management requirementfor the farmer and increased paperwork. The

proposals also dolittle to address the practical difficulties of operating buffer zones. Concerns

about leaving unsprayedstripsas possible reservoirs of pest infestation will remain, and problems

of tank mixes of products with and without buffer zone requirementswill not be overcome. 



FURTHER DEVELOPMENT OF LERAP AND SOME POSSIBLE ALTERNATIVE

APPROACHES

The LERAP proposal providesan initial step in overcoming problems with the current buffer zone
scheme. Howeverfurther development of LERAP oralternative approaches mightbetter address

these problems. Forinstance, enforcement ofbuffer zones with the LERAP proposal might be
improved if LERAP was made a requirement of crop assurance schemes and crop protocols that
have been putin place by the farming and food industries to improve consumer confidence in crop
production. Alternatively, it could be made a requirementto include LERAP paperwork with

annual returns for arable area payments. This latter proposal is certainly likely to improve
compliance with buffer zones, althoughit is unlikely to be popular with either farmers or those

administering the arable area scheme.

Problems with the practicality of buffer zones stem largely from making a scientifically-based
distinction between those products that need buffer zones to provide adequate protection ofwater
and those which do not. One way of overcoming these problems might be to not make this

distinction. For instance, Swedish authorities (Swedish Nature Conservation Departmentefal,

1998) have introduced a scheme whichtreats all pesticides alike and requires a minimum buffer

zone of 2m. The scheme requires the farmer to take into account temperature, windspeed,

sensitivity of surroundings(all watercourses are considered “sensitive”), field size, boom height,

droplet size and dose rate. On the basis ofthese factors the farmer determinesthesize of buffer
required.

Whilst the Swedish scheme overcomesproblems associated with distinguishing between products

requiring buffer zones and those which donot,itis still a complex way of protecting watercourses

and requires a significant management input from the farmer. Anotheralternative deserving

consideration is the introduction of a standard buffer zoneforall pesticides. For instance, a small
buffer set forall pesticides would be simple to understand andrelatively easy to adopt. Although

for somepesticides this might not provide the ideal level of protection required for aquaticlife,
if widespread adoption wereachieved the overall level of water protection would be considerably
greater than that achieved with poor compliance underthe current scheme. Further protection of
water would berealised if the use of engineering methodsof reducing levels of drift, as outlined

above, were made mandatory.

The current work on protecting watercourses from pesticides is concentrating largely on not

permitting spraying of cropped land alongside water. Another approach that has been widely

advocated (Environment Agency, 1996; Farming and Wildlife Advisory Group ef al., 1997,
Willmot Pertwee, 1997)is the use ofnon-cropped vegetated strips around field edges. Suchstrips

provide suitable protection from pesticide drift but also have a number ofother environmental

benefits. They can reduce nutrient run-off and soil erosion and also have conservation valuein

providing a habitat for invertebrates, small mammals and birds. They can also improve the

landscapevalue ofthe farm. However,suchfield margins can be expensive to the farmer because

of lost crop area and maintenance costs and limited discretionary compensatory payments are

available under the Countryside Stewardship Scheme. Given the overall environmental value of 



these strips, there is clearly a case for further exploring ways of encouragingtheir uptake, possibly

through expanding the Countryside Stewardship Scheme.

CONCLUSIONS

The UK’s future policy on buffer zones andthe possible introduction of a LERAP schemeare

currently being considered by Government Ministers. As part of this, Governmentofficials are

workingup fuller proposals. Whichever schemeisfinally adoptedit is essential thatit is effective

at protecting aquatic life whilst being practical to the farmer.
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ABSTRACT

The use ofplant protection products might cause adverse effects on populations of

non-target arthropods within the field but also in off-crop habitats via spraydrift.

Measuresofrisk mitigation are therefore deemed necessary in order to preserve

species susceptible to local extinction and so maintain species diversity. The paper

describes the backgroundofthe current view of the Federal Biological Research

Centre (BBA) of how to reduce the risk of pesticide use, especially for

populations living in off-crop habitats.

INTRODUCTION

High input ofpesticides can have adverse effects on the diversity of arthropod species, when

(recedent) species are eradicated from agroecosystems (Anonymous, 1987). Even when

properly applied for the purpose intended, the use of pesticides might severely affect

populations of non-target arthropods (Sherratt & Jepson, 1993). Wetzel (1993) identified a

proportion of 97 %ofthe arthropods found in an open cereal ecosystem to be non-targets (35

% beneficial and 62 %indifferent species). Therefore it seems to be important to reduce the

risk, e.g. in those habitats, which might contribute to recolonize sprayed areas and help

(meta)populations to recover (Wratten et al., 1993: Halley et al., 1996). Species

predominantly found at the field edges, like butterflies, syrphids and honeybees, were also

found at risk (Davis & Williams, 1990; Davis et al., 1993; Cilgi & Jepson, 1994; de Snooet

al., 1996). It was, however, demonstrated that buffer zones to adjacent natural and semi-

natural habitats, e.g. hedgerows, unimproved grassland, could significantly reduce exposure

and severity ofeffects (Cilgi, 1993; Cilgi & Jepson, 1995; de Snooet al., 1996).

GENERAL REQUIREMENTSAS LAID DOWN IN DIRECTIVE 91/414/EEC

Aslaid downin the Directive the protection of the environment should take priority over the

objective of improving plant production and where appropriate, MemberStates shall impose

conditions or restrictions with the authorization they grant. The nature and severity of these

measures must be selected on the basis of, and be appropriate to, the nature and extent ofthe

expected advantages andthe risk likely to arise. No authorization shall be granted, unlessit is

clearly established that there is no unacceptable impact after use of the plant protection

product according to the proposedconditionsofuse. 



The SETAC/ESCORT guidance document responsible for setting out the regulatory

framework for EU risk assessment for non-target arthropods (Barrett et al., 1994) defines the

term unacceptability as follows:

i) within crop non-target arthropods: effects are unacceptable if no recovery

occurs within reasonable time (e.g. maximum one season),(...),

ii) off-crop non-target arthropods: effects are unacceptable if ecologically

significant effects occur on non-target arthropods,

Directive 91/414/EEC neither focuses on any particular group of non-target arthropods, e.g.

beneficials, nor on anyparticular situation, e.g. in-crop or off-crop habitats, in general. It

might, however, be helpful to distinguish between in-crop and off-crop situations, because

protection ofin-crop popu.ations will often be limited especially when insecticides are applied

on a broad scale. Off-crop habitats, e.g. hedgerows and field margins, should therefore attain

special attention, because these areas are considered to be important refugia for many

arthropods andsources for recolonization ofdepleted areas.

Taking these twodifferent scenarios into account, the primaryaimofrisk mitigation strategies

shall be to protect populations of non-target arthropodsin off-crop refugia and to facilitate the

recolonization of sprayed areas in order to avoid local extinction of non-target species.

THE RISK OF LOCAL EXTINCTION

Sherratt & Jepson (1993) illustrated the likelihood of a local extinction of populations by using

simulation models for carabid beetles. The authors demonstrated the role of some keyfactors,

e.g. related to the pesticide used and the farming practice:

1. the toxicity of the pesticide applied:

the frequencyofpesticide applications;

the proportionoffields sprayed;

the permeability of the field boundaries to invertebratemovement.

The authors further explained that the susceptibility of certain carabid species to extinction

maybe a result of their relatively low reproductive rates, univoltine phenology, lowdispersal

rate and the fact that they complete their life cycles within the field, We know, however, that

these characteristics more or less apply for a high numberof non-target arthropod species, and

we further assume that an extrapolation to populations inhabiting off-crop habitats might be

appropriate, in principle. We cansee this from the distribution of woodland species and field

species with different degree ofspecialization, as illustrated by Tietze & Grosser (1985) for an

idealized landscape (Figure 1). We may conclude from this scheme, that species

predominantly living in the openfield (i.e. stenoecious field species) are very likely to be at

risk through direct spray compared to other species, e.g. woodland species or less specialized

field species (i.e. euryoecious field species), due to a higher exposure ofindividuals and a

higher proportion of the population exposed whenfields are sprayed. On the other hand,

species predominantly inhabiting off-crop patches(i.e. stenoecious woodland species) are very

likely to be at risk through spraydrift of pesticides compared to other species, especially when

the size of patches is small. Based on these findings appropriate risk mitigation measures can

be identified (Forster et 2l., 1997). These should, however, be put into a general framework

regarding landscapestructure, field size and size offield marginsas outlined below.
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The role of landscapestructure, field size and size of field margins

Landscapestructure

In a rich and diverse agroecosystem it is most likely, that some habitats can be kept free from

pesticides, and fields are not sprayed all at the same time. Because ofthis local populations

might persist in the longer term as a result of both recovery and recolonization if species have

a sufficient dispersal rate compared to field size and permeability of field boundaries. We take

the findings of Kretschmeret al. (1995), who found an increasing number of species with in-

creasing proportion of natural and semi-natural habitats (Figure 2), as an indication for the

correctness of this assumption. For carabid beetles the authors found more or less the same

numberof species when the proportion of natural and semi-natural habitats was less than 5 %

but a signifcant increase of species with increasing proportion of off-crop habitats. For butter-

flies, however, a very steep curve was established, especially in the range of up to 5 % off-crop

habitats. In general, these findings support the recommendations of a number of authors who

recommenda proportion of 5 % to 20 % of the agro-ecosystem being uncultivated in order to

protect the typical fauna of the respective area (Bohn et al., 1989; Kaule, 1991; Anonymous,

1992; Réser, 1995). We conclude from this, that an environment with a proportion of less than

5 % off-crop habitats might be unfavourable for populationsto persist in the longer term. This

conclusion should be takeninto consideration, when risk management measuresare specified. 
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species in each group, areas analysed 100 ha

each (Kretschmeretal., 1995)

Field size

Because populations are linked to each other by dispersal, field size seems to be an important

factor with respect to the ability of organisms to recolonize sprayed areas. In a numberofpu-

blications a maximum field size of about 10 ha, with 150 m to 250 m length and 400 m to

600 m width, surrounded by natural and semi-natural habitats is regarded as an ideal agroeco-

system (Jedicke, 1990; Kaule, 1991; Réser, 1995). Taking these data into account, it seems

appropriate, to define a field size, which is deemed unfavourable to permit an exchangeofor-

ganisms between populations and recolonization of sprayed areas within a reasonable period

oftime. However, respecting also some general economic conditions (Hempsch & Brinkmann,

1973; Weinschenk & Gebhard, 1985), a field size of 25 ha still seems an appropriate size indi-

cating the need for risk management measures.

Size offield margins

To assess the potential risk for populationsliving in off-crop habitats it is suggested to consi-

der the width of the habitat concerned. Thelatter is important for the proportion of the habitat

contaminated via spray drift and can be described by pesticide spray drift data (Ganzelmeieret

al., 1995; Rautmann et al., 1997). However, Rautmann etal. (1997) did not find any deposits

of a tracer, applied in a winter wheat crop (EC65) according to good agricultural practice, on

paperstrips placed in different heights at a distance of 7.5 m downwind in a grassy headland
(Table 1). 



Table 1. Average spray deposits (%) in a field margin
(application to winter wheat; EC 65; spray nozzles

XR 11004; 300 1 sha’; wind speed 0.5 to 3.0
m * sec')(Rautmann et al., 1997).
 

Distance Deposits in different height

m %

35 65 120
 

26.14 30.09 43.24 -

0.63 - 1.05 0.75

0.36 =- 0.46 0.62

0.00 - 0.00 0.00

 

Accordingto these data, spray drift of pesticides applied in agricultural crops may covera strip
of up to 7.5 m of a grassyfield margin. Therefore field margins of 15 m or wider are required
to protect at least 50 % of an evenly distributed population within a particular field margin

from any spray drift and thus ensure recovery of affected populations. In contrast, habitats

smaller than 15 m are deemed unfavourable and should therefore be protected if a toxicity ex-

posureratio indicates a potential risk for sensitive species. However, in order to avoid habitat

destruction by farmers and to encouragethe creation of flowering strips (Nentwig, 1993), risk

managementrestrictions should be advisory for habitats less than 3 m wide.

THE BBA POSITION ON RISK MANAGEMENTIN THE FRAMEWORK OF THE

AUTHORIZATION OF PESTICIDES FOR THE GERMAN MARKET

For a numberofpesticidesit is necessary to implement a risk managementto reduce the expo-

sure of non-target arthropodsto pesticides in order to avoid unacceptable effects and to fulfil

the requirements for the authorization of pesticides as laid down in Directive 91/414/EEC

(Forster et al., 1997). However, it does not seem appropriate to calculate buffer strips in the

waythis is done to protect aquatic organisms, because of the high variability of deposits(i.e.

exposure scenarios) foundin terrestrial habitats, e.g. covered with weedsof different height. A

better approach might be the use ofa toxicity exposure ratio (TER) as an indicater of risk for

sensitive species in a short distance from the crop, e.g. 1 m. As far as this ratio indicates an

unacceptable risk a restriction should be applied, e.g. a buffer zone recommendation. De Snoo

& de Wit (1996) demonstrated the reduction of spray drift using buffer zones (Table 2). Ac-

cording to these findingsa buffer strip of 6 m can helpto significantly reduce spray drift, due

to the filtering capacity of the cereal crop. If the TER indicates an unacceptable risk to non-

target arthropodsit therefore seems appropriate to use a fixed buffer zone of 6 m asfar asfield

crops are concerned. This measure was already implemented for use ofpesticides in summer

cereals in the UK to protect non-target arthropods from high risk insecticides (Campbell,

1995). 



Average spray deposits (%) on water sensitive
paper at crop edge (cereal field; different spray

nozzles; 200 to 600 | sha’: wind speed 3.0 to

4.5 m+ sec"')(de Snoo & de Wit, 1996).
 

Buffer strip Deposits
m %

 

 

Based on local risk assessment the question, whether certain species or habitats need to be

protected, cannot be addressed solely from the faunistical-ecological point of view. Therefore,

a simple and pragmatic decision-making procedure is required, using characteristics, such as

the size of field margins, landscape structure and the field size, which can be addressed on the

local level. It might be advisable to implement advisory statements for field margins wider

than 15 m, because these habitats will only partly be contaminated through spray drift of pesti-

cides. However, field margins less than 3 m wide should also be protected through advisory

restrictions in order to avoid habitat destruction. Provided that the proportion of natural and

semi-natural habitats exceeds 5 % (e.g. in an area of 100 ha), or the size of sprayed fields is

less than 25 ha, advisory restrictions are deemed appropriate, because an exchange between

populations can be expected within a reasonableperiod of time. The decision-making procedu-

re reads as follows:

When a comparison ofspray drift data with toxicity data ofpesticides indicate that non-

target arthropods in the off-crop area may be at risk, statutory restrictions will be

applied:

"Do not spray within a buffer zone of 6 m adjacent to natural or semi-natural habitats,

unless a local risk assessment turns out that

1. the width ofhabitats concernedis less than 3 m or more than 15 m or

2. the proportion ofnatural and semi-natural habitats is higher than 5 %

(scale 100 ha) or

3. the area ofthefield sprayedis less than 25 ha.”

The restrictions listed are advisory, if one out ofthese criteria isfulfilled.

Exceptions from this principle may be necessary with regard to special environments, where

buffer zones might allways be regarded essential (e.g. nature reserve) or plant protection is-

sues, where buffer zones might not be applicable (e.g. forestry). Further risk managementre-

strictions in order to enable recovery of populations of non-target arthropod and recolonization

of sprayed areas may cover the numberofapplications, the proportion of a field sprayed and

application technique, with regard to spray drift. The appropriate restrictions will be specified

within the authorization procedure, while the responsibility of risk managment will be devol-

ved from the regulatory authority to the farmers and the extended service. 



Implications for the authorization of pesticides in Germany

Since the end of 1992 the BBA haslabelled all pesticides with regard to their potential impact

on beneficial arthropod species, mainly to support Integrated Pest Management. In July 1998,
1106 plant protection products had been registered in Germany, ofthese 1098 were suitable for

an analysis of the labels applied. From these a proportion of 77 % were labelled with regard to
the effects on non-target arthropods. Pesticides in the high risk class and the very high risk
class made up about 30 % ofthe registered pesticides in Germany.It is very much likely, that
for pesticides in the very high risk class, mainly covering insecticides and acaricides (88 %),

the acceptability of the effects in accordance with the Uniform Principles will only be pro-

vable, when risk mitigation strategies (e.g. buffer zones) are officially recommended for the

use of these products.

However,the fact that buffer zones cannot be sprayed,often results in yield losses in this zone.
A rough estimate of the total length of field margins in Germany is 1.5 Mio km (Enzian 1998,
unpubl. data). Assumingall these margins were protected using buffer zones of 6 m, the area

of arable land concerned came to about 900 000 ha, which is 7.6 % of the total arable land.

These figures inevitably justify a local risk assessment in order to decide, whether an exception

from the statutory buffer zone restriction could be permitted in a particular field situation.

Weare certain, that the use of buffer zones in the framework of authorization does not have to
be a threat to production but can be considered as a powerfultool for both, granting and main-
taining authorizations for high risk pesticides whilst protecting non-target arthropod popula-
tions.
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Environment Schemes, thoughthis is not necessarily intended to be their main purpose (Table

1).

Table 1. Agri-Environment Scheme Options in Great Britain with potential for use as buffer

zones.

 

Option * Schemes” Vegetation

 

No-spray zone PASS(insecticide) arable crop

Conservation headland SCPS, TC, PASS, arable crop

certain ESAs

Uncropped wildlife strips TC, PASS,certain natural regeneration (cultivated

ESAs annually/biennially)

Grass margins CSS, CPS, TC, PASS natural regeneration or sown grass

Extended hedgerows CPS,certain ESAs grassland (or arable crop - some ESAs)

Water margin management CPS,certain ESAs grassland

Water Fringe Option Habitat Scheme grassland, scrub or wood

 

1. Main option types. Prescription variations occur in different schemes, and a number of

other options could be used to provide buffer zone benefits but are normally implemented

on a wholefield scale e.g. conversion of arable to grassland. Set-aside strips also have

potential as buffer zones, though the minimum width of 20mrestricts their use in this role.

. CSS = Countryside Stewardship Scheme (England); CPS = Countryside Premium

Scheme(Scotland); TC = Tir Cymen ( Wales); PASS = Pilot Arable Stewardship Scheme;

ESA = Environmentally Sensitive Area

CONSERVATION VALUE OF BUFFER ZONES

Buffer zones can provide conservation value in two ways:

i. by reducing pollution of adjacent habitat

ii. by improving resourceavailability or habitat value within the buffer zoneitself.

Thus, whilst buffer zones may have the primary purposeofprotecting a vulnerable area such as

a watercourse or SSSI, they may also provide valuable habitat in their own right. Conversely,

areas such as field margins managed primarily to provide habitat or landscape features may

also buffer adjacent hedges, ditchesetc. 



BENEFITS ARISING FROM POLLUTION CONTROL

Buffer zones have the potential to influence three major types of pollutants: sediments (aquatic

systems only), nutrients and pesticides (aquatic and terrestrial systems). The effects of each

are briefly described with further references for the interested reader.

Aquatic habitats

Sediment

The impacts of sedimentin the aquatic environment have been recently reviewed by Wood &

Armitage (1997). Sediments affect plants in various ways, including reduction in light

penetration, and hence photosynthesis, direct damage to stems and leaves caused by abrasion,

and smothering. Somespecies, e.g. Ranunculus penicillatus, are more susceptible than

others, e.g. Nasturtium officinale (Brookes, 1986). Damageto or elimination of algae and

macrophytesalso affects invertebrate and fish communities, since plants are at the base of the
food chain.

Direct effects on invertebrates can result from clogging of respiratory orfilter feeding

structures, low oxygen concentration, reducing preyavailability, and reduced substrate stability

and/or suitability. Although sedimentation generally reduces invertebrate abundance and

diversity, the situation is complex and some taxa prefer sediment-rich substrates.

Effects on fish are likely to be of greatest interest in most instances, due to their economic

importance and amenity value. These canarise indirectly, by affecting their food supply or

directly by reducing their ability to find food, by clogging gill membranes, changing migration

patterns, degradation of spawning habitats and suffocation of eggs. Thelatter is particularly

important in the case of salmonids (salmon and trout), whose eggsare particularly susceptible

to silt deposition (e.g. Olsson & Petersen, 1986). Sediments can also carry other pollutants

such as nutrients and pesticides. Although buffer zones havethe potential to limit pollution of

water courses by sediment they should be viewed as a secondary measureto in field “best

managementpractices” for the protection of whatis, after all, a vital agricultural resource
(Dillaha If] & Inamdar, 1997)

Nutrients

The effects of high concentrations of nutrients in water, leading to eutrophication, have

received a considerable amountof study. Detailed consideration is beyond the scopeofthis

paper, a recent text is by Harper (1992). Phosphate generally has most impact; high levels in

fresh water cause algal blooms, which can deoxygenate the water and kill fish and other

organisms. Nitrate concentrations are of less environmental importance, and the considerable

research and regulatory activity devoted to reducing the nitrate content of ground and surface

waters, arising from the EU Drinking Water Directive, are aimed at minimising the small

potential risk to humanhealth rather than preventing entrophication.

Even where major impacts such asfish kills do not occur, eutrophication generally reduces

species richness and wildlife conservation value, though mild eutrophication can benefit some

species, e.g. certain birds (Harper, 1992). Buffer zones can be effective in reducing both
phosphateandnitrate in surface runoff and sub surface flows; a range of types of buffer strip
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have been found successful. Mander ef a/.(1991) reported alder and willow to be the most

effective vegetation types; 10 metre wide strips removed almost 100% of incoming

phosphorous. A Norwegianstudy of a wetland system planted with reeds found similar levels

(average 97%) of P removal(Jenssen et al, 1994). Howeverin somecases, ¢.g. where native

vegetation was allowed to grow, the buffer strip itself was found to be a source ofdissolved

phosphate (Uusi-Kamppaef al., 1997).

Buffer zones can also remove up to 90% ofnitrate, though there is tremendous variation in

efficiency, and no clear agreement as to whether trees or grass are best. Gilliam ef al. (1997)

considered a 29m buffer to be a desirable goal for wildlife and stream health, though conceding

that much could be achieved with narrower buffers, considerable reductions in nitrate

concentration occurring over the first 10m width.

Pesticides

Pesticides can reach water via surface runoff, sub-surface flow, particulate transport (absorbed

onto sediments) and spray drift (Harris & Forster, 1997). Other possible sources include

industrial effluent, sewage, atmospheric fallout andspillage (Puderef a/., 1993). Many of the

worst pollution incidents are caused by point sources, and linear buffer zones are unlikely to

prevent such incidents, though targeted buffers (i.e. positioned where point source

contamination could occur) may have a role where risks can be predicted (Muscutt ef al,

1993), Buffer zones have limited impact on movementvia sub-surface flow, unless additional

measures are taken to restrict drainage and introduce absorbent materials into the drainage

system (Harris & Forster, 1997).

Although herbicides can potentially cause ecological damageby killing or inhibiting growth of

algae and macrophytes, with consequenteffects on the food chain. (e.g. Hamala and Kollig,

1985; Peterson ef al., 1994), most attention has focused on direct toxicity to aquatic

invertebrates and fish. Fish poisoning is usually related to acute point-source pollution

incidents: Williams ef a/.(1987) concluded that the risk to fish from spray drift wasslight. The

risk to invertebrates is considerably greater however, and damage to aquatic populations of a

number of species following insecticide spraying has been documented (e.g. Muirhead-

Thompson, 1978; Crossland ef al. 1982; Pinder ef al., 1983).

Althoughit is relatively easy to demonstrate the potential for damage, particularly by pesticides

such as the pyrethroids whichare highly toxic to aquatic fauna, the determinationofrisk in the

field is much moredifficult. Relevant factors influencing outcomesinclude solubility in water,

tendency to bind to organic particles, and ecological niche of the organism concerned, as well

as its innate susceptibility. For example, surface dwelling insects are most at risk from oil-

based formulation which form a surface film, whereas sediment-dwelling species may be more

at risk from compounds which are readily absorbed into organic material (Pinder ef a/., 1993).

In the UK, the Pesticides Safety Directorate has imposed “no-spray” buffer zones on a large

numberof pesticides when applied close to water courses (Croxford, 1998). These are based

on Toxicity: Exposure Ratios (TER’s) which relate the Predicted Environmental Concentration

(PEC) to toxicity data for test organisms (Tooby, 1997). The success of this approach

depends on thevalidity of assumptions used in calculating the PEC and the selection oftest

species representative of the range of susceptibilities present in surface water habitats.

Peterson ef al. (1994) argue for the inclusion of an “uncertainty factor” in hazard evaluation to
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allow for the wide range of sensitivities among naturally occuring taxa. The mechanism for

determining and applying no-spray zones is currently under review in the UK (Croxford,

1998).

Terrestrial Habitats

Nutrients

The potential damage to natural or semi-naturalterrestrial habitats and wildlife from nutrients
arising from agricultural sources is arguably offar less significance than that which may occur

in aquatic habitats. The concern of conservationists is more often aroused by the effects of

direct application of nutrients e.g. to a previously unfertilised and species-rich hay meadow.

However, buffer strips may have a role in preventing misplacementoffertilisers into adjacent

habitats. Whilst pneumatic and liquid fertiliser applicators are highly accurate, the more

commonly used spinning disc applicators often spread beyond the edge of the crop, as do

oscillating spout spreaders (Rew ef al.,1992; Tsiouris & Marshall, 1998). Misplaced nitrogen

fertiliser can reduce species richness (Kleijn & Snoeijing, 1997), and may encourage

nitrophilous weeds such as Bromussterilis, at the expense of benign or desirable species

(Boatmanet al., 1994; Theakeref al., 1995).

Pesticides

Cooke (1993) noted that there were remarkably few studies on the effects of pesticide drift, as

opposed to the extent ofdrift. A numberof relevant papers have been published since then,

but large gaps in our knowledge remain. Most attention has been payed to effects of

herbicides and insecticides, with very little information on possible effects of fungicides (Cooke
1993).

The most common approachesto studying the effects of pesticide drift on terrestrial fauna and

flora have been combining toxicity data with spray drift models to predict risks (e.g. Breeze ef

al., 1992), and bioassays to determineeffects of drift in the field (e.g. Marrs ef al.,1992). The

former has greater predictive ability but is limited by the number of factors which can be

incorporated without the model becoming unwieldy, and the artificial nature of the

experimental environment. Thelatter suffers from being empirical but offers opportunities to

study the effects of a wide range of factors underrealistic conditions. Both approaches are

therefore needed to give a full evaluation of potential effects.

Factors whichcaninfluenceeffects of herbicide drift on non-target plants include plant species,

herbicide used, age of plant and nature of surrounding vegetation (Marrs ef al, 1991a, b;

1993). These authors recommend buffer zones of 6-10m for established perennials and 20m

for establishing seedlings, where herbicides are applied by tractor-mounted sprayers (Marrs e¢

al., 1992, 1993),

Factors affecting the risk to butterfly larvae from insecticide drift include intrinsic

susceptibility of the species to pesticides, active ingredient, bio-availability, habitat complexity

and larval food plant, diel activity and feeding behaviour (Longley & Sotherton, 1997).

Pyrethroids are particularly toxic to butterflies, with rates of deltamethrin as low as '/sa0" of
field rates being lethal to larvae of Pieris brassicae in the laboratory (Cilgi & Jepson, 1995).
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A series oftrials including laboratory toxicity testing ( Sinha ef a/, 1989) and field bioassays

(Davies ef al., 1991; 1993) using the sensitive species Pieris brassicae, led to recommended

buffer strip widths of 12-24m for ground-based hydraulic insecticide spraying (up to 32m for

diflubeuzuron), and 50m forair assisted orchard spraying. These “safe” distances were based

on LD,, data, but sub-lethal effects may also be important (Cilgi & Jepson, 1994). Samuet al.

(1992) showed that webs of the spider Araneus diadematus were efficient collectors of

agrochemical spray drift, which can then affect the spiders web-building ability (Samu &

Vollrath, 1992). The herbicide glyphosate reduced numbers of spiders in field margins,

probably by reducing habitat suitability through changes in vegetation structure and

microclimate (Haughton ef al., 1998). Effects on these and other predatory invertebrates

could lead to reductions in bioloical control of aphids and other pest species, increasing the

need for application of insecticide sprays to crops.

BENEFITS ARISING WITHIN BUFFER ZONES

A large range of vegetation/habitat types have been used as buffer zones, including ponds,

wet meadows, wetlands and forests (see papers in Haycock ef al. 1997), sometimes of

considerable widths, e.g. 25 to 75m in Illinois (Dickson & Schaeffer, 1997), 10-30m under the

Habitat Scheme Water Fringe Option in the UK (Tytherleigh, 1997). Consideration here will

be confined to within-field buffer zones, generally ranging between two and ten metres in

width, except in the case ofset-aside, where the minimum strip width allowed is 20m under

European Union Regulations (MAFF, 1996).

Most within-field buffer-zonesfall into one or moreofthe following categories.

i. No-spray zones or Conservation Headlands. These are cropped asin the rest ofthe field

but with modified pesticide or fertiliser use

ii. Naturally regenerated herbaceous vegetation

iii, Sown grass strips, with or without dicotyledonousspecies (forbs)

No-spray/conservation headlands

Thesimplest form ofbuffer zone is a “no-spray zone”, applied as a statutory restriction in the

UK by the Pesticides Safety Directorate (PSD) for certain pesticides in order to protect

watercourses or non-target arthropods in field margins. In many cases, the pesticide in

question may besubstituted by an alternative without a buffer zone requirement, but where

the buffer is simply left untreated, some conservation benefits may ensue. These are most

likely where an insecticide is withheld. Apart from the implications of reduced drift into non-

crop habitats, the buffer zone itself may act as a reservoir of beneficial or benign non-target

invertebrates which can subsequently re-colonise the field. Spatial dynamics of recovery

from insecticide applications have been described by Duffield & Aebischer (1994), Jepson &

Thacker (1993) and Thomas ef a/.(1990), The benefits of such insecticide-free zones were

perceivedto justify the payment of grant aid for 10-12m wide “crop margins with no summer

insecticide” underthe pilot Arable Stewardship Scheme (MAFF, 1998).

Where herbicides are also withheld, or confined to the use of selective products, wider

biodiversity benefits may accrue. A system of crop margin management incorporating this
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approach has been developed by The Game Conservancy Trust, termed “conservation

headland”. Broad-spectrum herbicides and summerinsecticides are not applied to the outer

few metres of crop (usually from the outer tramline to the field edge), but certain selective

herbicides are used to control grass weeds and Galium aparine, and fungicides are also applied

as for the rest of the crop (Boatman & Sotherton, 1988). Originally developed to provide

feeding areas rich in invertebrates eaten by gamebird chicks, conservation headlands also

provide nectar resources for butterflies and hoverflies, and refuges for rare arable flora

(Sotherton, 1991). The diversity of rare arable flora is increased by withholding ofnitrogen

fertiliser (Wilson, 1994). De Snooef al (1994) recorded an increased numberofvisits by blue-

headed wagtail (Motacillaflavaflava) to crop margins where herbicides and insecticides were

not used, and such areas were also preferred feeding habitat for woodmice, Apodemus

sylvaticus (Tew et al., 1992). Conservation headlands are generally implemented only in

cereal fields, but their potential use in sugar beet and potatoes has been studied in the

Netherlands (de Snoo, 1997) andin linseed in the UK (Tree & Boatman, 1993).

Naturally regenerated herbaceous vegetation

Naturally regenerated vegetation in uncropped field margin strips is supported under various

Agri-Environment Scheme options (see Table 1), but can be separated into “Uncropped

Wildlife Strips”, which are cultivated annually or biennially, and grass strips established by

natural regeneration which are not cultivated.

Uncropped wildlife strips (UWS), first pioneered in the Breckland Environmentally Sensitive

Area and now adopted also into the Pilot Arable Stewardship Scheme, are primarily designed
to conserve arable flora by providing an agrochemical and competition free disturbed

environment. A similar prescription is available in the Countryside Stewardship Scheme. They

are hence most appropriate where plant communities of conservation interest exist, usually (but

not always) on sandy or chalky soil. Implementation in other situations may simply encourage

commonand even noxious weeds to increase. However, monitoring and feedback to modify

management prescriptions has helped reduce undesirable infestations of Bromus: sterilis in

Breckland UWS (Critchley, 1996). Critchley (1994) found that soil ph, overhanging trees,

broadleaved shelterbelts and previous cropping with sugar beet were the most important

factors affecting plant community composition in UWS, and recommendedthatsites following

sugar beet, and those with overhanging broadleavedtrees be avoided.

Where grassland establishment is the long-term aim, the outcome of natural regeneration

clearly depends on species already present, either as plants or in the seed bank. Smith ef al

(1993, 1994) found that, on their site at Wytham near Oxford, sowing a grass/wild flower

mixture produced better control of annual grass weeds, //ymus repens and Urtica dioica, and

increased butterfly abundance and overall invertebrate abundance. Predatory liniphiid spiders

and staphylinid beetles were not however significantly affected by sowing as opposed to

natural regeneration (Feberef a/.,1995) and effects of management (mowing regime, herbicide

application) were generally of greater importance than whether the sward was sown. Smithef

al.(1994) concluded that where a diverse andattractive flora is present and pernicious weed

populationsare small, natural regeneration with mowing is the preferred option, but where the

potential for natural establishment of species-rich and agriculturally acceptable swards is low,

the sowing of carefully designed mixturesis an attractive option, 



Sown grassstrips

Where grass strips are sown, conservation value will depend on species mixture and

management(Smith ef a/.,1997). Insect diversity tends to be greater on tall grass species than

shorter ones (Tscharntke & Greiler, 1995). A numberof highly ranked polyphagous predatory

Coleoptera overwinter in field boundary vegetation (Sotherton, 1984), greater numbers are

found and survival is higher beneath tussocky grasses such as Dactylis glomerata (Thomas et

al, 1991; Dennis ef al. 1994). Grey partridges (Perdix perdix) prefertall vegetation for nesting

(Aebischer ef al, 1994, and similar habitat is used by nesting yellowhammers (Emberiza

citrinella) and whitethroats (Sylvia communis) (Stoate & Szczur, 1994).

Mowing is a common method of management, used to encourage establishment of sown

grasses and control weeds (Smith ef al, 1993), but can reduce value for wildlife. For example,

mowing reduced numbers of butterflies (Feber ef al., 1996), liniphiid spiders and staphylinid

beetles (Feber ef al. 1995). Grey partridges prefer to nestin field boundaries containing dead

grass remaining from the previous year (Rands, 1986). There is also some evidence that tall

vegetation can give greater protection from pesticide drift to seedlings (Marrs e/ al., 1993) or

hedgerows (Longley ef ai. 1997) than short vegetation. In somesituations, it may be possible

to control weed species by selective use of herbicides, thus avoiding the need to cut the

vegetation (Boatman, 1993).

Inclusion of dicotyledonous flowering species in grass seed mixtures can provide nectar

resources for a wider range oftaxa e.g. butterflies (Dover, 1996), hoverflies (Cowgill eal,

1993) and bumblebees (Dramstad & Fry, 1995). Although manystudies have investigated the

requirements of different species and guilds, there is a need for further work to design

optimum seed mixtures end management practices to maximise the potential for biodiversity

conservation. By imaginative design based on soundresearch, buffer zones could themselves

become a refuge for many threatened forms of farmland wildlife as well as serving their

primary purposeofprotecting watercourses, hedgerowsand othersensitive non-crop habitats.

CONCLUSION

Although considerable attention has been devoted to the design of buffer strips and their

effectiveness in protecting non-crop habitats, their benefits in terms of conservation value are

not always clearly defined. This paper attempts to summarise briefly someof the information

available in the literature; whilst the importance of buffer zones cannot be denied, in many

areas, further researchis urgently neededif they are to be usedeffectively to enhance farmland

biodiversity without imposing unnecessary costs on agricultural businesses.
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ABSTRACT

Pesticides and chemical fertilisers decrease the impact of food production on the

global environment through helping to reduce the area of land required to meet

demand. Ona national scale, these inputs are essential for UK farmers to compete

in international markets but measures are required to control any pollution

resulting from their use and to help to offset the effects of the intensification of

crop production that they have facilitated. This requires their responsible use

whilst achieving optimum economic yields and, in many situations, the adoption

of buffer strips. However, there are practical problems with the management of

buffer strips because machinery and labour has to be rationalised to ensure that

crop production is internationally competitive. More guidance is required on the
form, size and location ofbuffer strips in order that they meet their objectives.

INTRODUCTION

The main functions of buffer strips are to reduce the movement ofpesticides and nutrients to

field side water courses and vegetation and/or to provide a refuge and a habitat for flora and

fauna in order to increase the biodiversity of the countryside. It is inevitable that they occur
in varying forms, according to individual circumstances and objectives. In some cases there

may be no or only minor change to the management ofthe outer few metres of the crop.
However, in other cases the outside ofthe field may be sown with species which will provide

habitat and refuge, reduce the surface run-off of soil and water containing pesticides and
nutrients to water courses and intercept spray drift (Boatman, 1998). Buffer strips can be of

varying widths, again depending ontheir objectives. This paper sets out the essential role of

such areas in the context of current agriculture and discusses some practical aspects of their

managementin the context of pesticide use.

THE ROLE OF BUFFER STRIPS

Consumers do not support traditional systems

History shows that as economies develop there is a migration from the countryside to the

cities. This process of urbanisation occurred in the UK during the industrial revolution in

particular. Wheat consumption rose significantly, despite the fact that rotations at that time

could produce wheat only one year in four. Hampered by low yields and the necessity of a
rotation, production could not meet consumption and prices rose rapidly, particularly after the

poor harvest in 1845. This was a very wet summer, when blight decimated the Irish potato

crop and disease riddled the UK wheat crop. The high price of wheat resulted in the Repeal

of the Corn Laws, which protected home wheat production but despite this, prices were

healthy for another twenty-five to thirty years. However, the introduction of a new
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technology, namely steam engines, resulted in the cheap production of wheat in North

America and its economical transport to the UK. Wheat imports trebled and prices halved
over a ten-year period inthe latter part of the 19th century.

Urbanisationis still occurring at a rapid rate in some parts of the world. The urban population

in Asia, Latin America and Africa is expected to rise from 37% of the total in 1990, to nearly

50% in the year 2000. As in the UK in the mid-19th century, this is likely to result in a

further increase in the demand for wheat. For example, a Senegalese farmer consumesthree

kg of wheat a year, whereas an inhabitant of the capital city consumes 30 kg (UNO,1996).

Hence,the lessons of history showthat:

® consumers, once they become detached from production, have a diet that does not reflect

the output of traditional systems.

technology has a significant impact on the competitiveness of crop production of

individual farmers and countries.

environmental damage can be exported or imported in the guise of food. For instance,

large tracts of the natural vegetation of the North American prairies were destroyed in the

last century because low yields and the need for a regimented rotation restricted European

production of wheat.

Therole of technology

UK farmers are now becoming competitive in an expanding world wheat market, not by

reducing inputs but by wise investment in the technologies of plant breeding, plant nutrition

and pesticides (Table 1). This has enabled a fuller exploitation of a climate and soils, which

can sustain high yields and thereby has allowed the costs of production to be spread over a
greater physical output. In contrast, much of North America does not have such a favourable

climate and droughtlimits the ability of its farmers to exploit these technologies. In addition,

UK farmers have been enabled to adopt intensive cereal systems by the availability of

effective pesticides and plant nutrition. Unlike the situation in the middle ofthe last century,
it is now no longer necessary to grow crops and produce livestock which are not profitable

nor in demand by the urban population or in order to ‘weed and feed’ cereals and other cash

crops. This intensification of production, along with higher yields, has resulted in the UK

becoming a major exporterofgrain.

Table 1. Wheat yields and total production costs/tonne — an international comparison.

 

UK France Germany US Ireland

 

Yield (t/ha) 8.1 7.4 7.6 2.4 7.8

Total production costs/tonne (£) 98.8 102.2 109.9 114.8 103.1

 

Source: M C Murphy, Dept. of Land Economy, University of Cambridge - personal communication
Notes

1. Winter Wheat in UK, France, Germanyand Ireland; Winter and Spring Wheat in the US
2. Based oninput leveis, prices and volumes between 1994-1996 in each country.

3. Exchange rate £ per ECU- 0.677353
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Balancing consumer requirements and concerns

The message is clear. In developed economies and open world food markets, consumers will

not support traditional systems in their own country because theyare not prepared to payfor

and/or balance their diet in accordance with the production from the crops and livestock

involved. Open world markets mean that farmers have to concentrate on only those crops,

which are in demand and which they can grow competitively. Secondly, the competitiveness

of North European agriculture depends on high yields madepossible by investing wisely in

technology. These are not only lessons fromhistory but also the key to how the UK farmer

must compete in the future. The Governmentsees as an objective that our agriculture should

be competitive in world markets. Competitiveness will not only be influenced by factors such

as communications and exchangerates but, as in the past, by the technological battle between

our agriculture and that of our international competitors. It requires acceptance by the

government and by consumers that the current technologies involved in crop production

should continue to be used and that newtechnologies should be introduced when safe and

robust.

Onthe other hand, it has to be accepted bythe farming community that the intensification of

production in the UK has led to environmental damage. This has resulted in consumer

pressure to reduce the environmental impact of arable production. Central to the issue is the

key fact that the biggest impact of a crop on the environment is its very presence. This is

because in order to establish arable crops, the natural vegetation has to be destroyed and the

land cultivated annually, as occurred in the Americanprairies last century. This fact provides

another clue to the way forward. It is essential on a global scale that economicyields are

optimised in the long-term, by using current and new technologies sensitively in order to

reduce to a minimumthe land in arable production. With world markets come global issues

and responsibilities and the UK has to decide how much environmental damageit is prepared

to import or export in the guise of food

There is no doubt that pesticides and nitrogen also have an impact on the environment but on

a significantly lower scale than do the destruction of the natural environment and the

cultivations necessary to establish the crop. However, they can have an impact on the species

that use arable crops as a habitat or food source, such as some farmland birds, beetles and

spiders. With greater knowledge, newtechnologies and more rigorously evaluated pesticides,

this impact will be minimised along with a reductionin the risk of pollution.

Whilstit is clear that the area cropped will determine the maineffect of arable production on

the environment, it is also slowly being realised that a relatively small proportion ofthe land

area can support a significant proportion ofthe natural biodiversity (Halley et al., 1996). This

provides the final clue to the wayforward and defines the role of buffer strips. Leave farmers

to optimise economic yields by the responsible use of current and new technologies, whilst

ensuring that non-cropped areas and buffer strips are managed in such a way as to minimise

pollution and to encourage biodiversity and retain the integrity of the landscape. In this way,

a competitive agriculture can be maintained and the environmental value of the countryside

improved. 



THE PRACTICAL MANAGEMENTOF BUFFERSTRIPS

Setting objectives

Thefirst stage of any managementplanis to have clear objectives based on an analysis of the

circumstances. This process has been sadly missing in many cases where landowners have

sought to increase the environmental and landscape value of the land. For instance, examples

abound of where valuable vegetation has been destroyed in order to dig a pond. It is also

absolutely essential that any introduction of bufferstrips in order to reduce pollution is done

is such a way as to maximisetheir contribution to the environmentalobjectives of the farm.

There are nowclearer biodiversity objectives as a result of the Biodiversity Plan introduced

by the Department of the Environment (Anon., 1995), This was the result of an objective

appraisal of the then current status and trends in populations of individual species within the
UK and Europe. The national plan has been rolled down to a morelocal level and expert

advisers can now provide individual farmers with information on which species need to be
encouraged within their locality and for which habitats can be provided ontheir land.

The conflict between anefficient agriculture and reducing pollution and improving the
environmental value of arable land

It has to be accepted that, whilst it is possible to farm successfully and at the same time to
improve the environmental value of land, there are inevitably conflicts. Farmers in the UK

are preparing to produce food at world prices: this necessitates optimising economic yields

with the use of chemicalfertilisers and the most cost-effective pesticides, reducing labour and

machineryto a realistic minimum and increasing the size of farms to take advantage of the

economies of scale. This business environment not only reduces the time and machinery

available to manage buffer strips but also has implications on their form and size. For

instance, there is a desire to increase field size and/or to grow the same crop in blocks of

neighbouringfields. It can be argued that these factors should influence the size and form of
buffer strips around individual fields to ensure that there is sufficient biodiversity in the
countryside.

Field size

There is no doubt that large fields have always had advantages in terms ofthe efficiency of

machinery and labour, particularly with the higher forward speeds (Figure 1) and working

widths (Sturrock ef a/., 1977). They also minimise the losses in yield associated with the

cropping near the edge ofa field, due to competition from field boundary vegetation (Figure

2) and the impact on soil structure from machinery turning (Sparkeset al., 1998). In addition,
large fields reduce the proportion of the field that is adjacent to water or field boundary

vegetation (Figure 3). Purely from an economic view, farmers perceive this as an advantage
of larger fields because of the reduction in the loss of crop or of inconvenience associated

with buffer strips. However, larger fields are often associated with a lower proportion of non-
cropped land, which has consequences on both biodiversity and the landscape.

Figures 1-3 all indicate that the optimum field size is above 30 ha. Cereal farmers who have

discussed field size with the author have suggested that 30 ha is the optimum size when
practical considerations such as rotation and product storage are taken into account. Where
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such field sizes are adopted, the area of non-croppedland in field boundaries could form a

very low proportionofland cover, perhaps less than one percent.

Rate of work (ha/day)

 

 

  LOTTTTTTTTerrr
0 5 10 15 20 25 30 35 40 45 50 55 60 65 7 75 80

Field size (ha)

Figure 1. Rate of work in ha/day of a machine with a 5m working width according to

forward speed (kilometres/h) and field size (Sturrock ef al., 1977).
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Figure 2. Percentageloss offield yields of winter wheat due to competition from field

boundary vegetation accordingto its height and the area of square fields (based on

field data provided by Dr. Sarah Cook, ADAS Boxworth, UK).

There is research that clearly indicates that a relatively small area devoted to natural

vegetation can make a disproportionally high contribution to natural biodiversity (Halley e¢

al., 1996). The challenge for researchers is to define the forms, area (both in terms of

individual units and as a proportion of the land area) and distribution of natural vegetation

required in order to meet the specific objectives set in local biodiversity plans. Where there

are large fields or where blocks of neighbouring fields have the samecrop,particularly in the

absence of other non-cropped land such as woods, it may be necessary to have wider buffer
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strips than would be required for water protection in order to provide sufficient refuge and

habitat. For instance, to set aside 5% ofthe field area would result in a three metre wide

buffer strip in a five ha field but a seven metre wide buffer strip in a 30 ha field (Figure 3).

The added advantage of wider non-cropped buffer zonesis that, where desirable, hedges can
be allowed to growto a verylarge size with less fear of them affecting crop yield. Where the

objective is to provide a refuge for less mobile fauna whichlive in the crop or a specialised

habitat for some bird species,the alternative to widerbuffer strips on the edge of the cropis to

split large fields with non-cropped strips such as ‘beetle banks’ (Thomasef al., 1991). This

will have to be done with care in order that the efficiency of labour and machineryis
maintained.

—&— 2 metre —— 6 metre —tr |2 metre —<— 24 metre

  
Field size (ha)

Figure 3. Percentage of a squarefield within 2m, 6m, 12m and 24mofthe field boundary,
accordingto field size.

The current no-spray zones imposed onfield crops in order to reduce the pollution of surface

water in the UK (Croxford, 1998) have resulted in restrictions in pesticide choice in the crop

within six metres of surface waters or ditches which maytransport water. The restrictions

still apply to ditches that do not contain water at the time of application. This often results in
less effective products being applied to the whole field or the outer spray width of the crop.

This is because farmers still need to protect the outer six metres of the crop frompests,

diseases and weeds but also want to avoid the inconvenience ofhaving to treat the rest of the

same spray bout or field separately. The inconvenience and potential financial loss

experienced by a farmer having to change product for this area of the field is minimised by
having large fields. For example, the direct financial implications of having to use a less

effective fungicide mixture applied to the flag leaf of a disease susceptible wheat cultivar on
the outer 24 metres offields was calculated by the author, based on the Morley farm for 1998.

It took into account the practical experience of restrictions in product choice close to dry
ditches and prices during 1998, along with response to fungicides in experiments on the farm

of Morley Research Centre in 1998. This shows, with wheat valued at £70/tonne, that a
reduction in the margin over input costs for the whole field from this single spray operation

alone was £80 ina 10 hafield and £140 in a 30 ha field. 



It is unfortunate that the outer metre or two of crops, in addition to usually having higher

numbers of desirable fauna, often contain the highest populations of weeds and some pesis

and diseases. Hence, with no-spray zones, pesticide use can be encouraged on the crop edge

because restrictions in choice may lead to the more intensive use ofless effective products.

However, due to their impact on fauna, there are statutory or advisory restrictions on the use

of some products near the edge of crops.

Management ofsmall areas

There is a need to increase the efficiency of labour and machinery as world markets open up

and competition intensifies. This inevitably results in farmers having less time, labour and

relevant machinery to manage separately small areas, such as buffer strips. Simple operations

can become major challenges, such as applying a different pesticide to the outer six metres of

the crop. The desirability to cut and remove vegetation from sown buffer strips in order to

deplete soil reserves of nutrients and to prevent the cuttings smothering the sward is causing

problemsin arable areas. There are two options: to forage harvest the area after the field crop

is harvested and blow the cut mature vegetation into the body of the field where the seeds

may result in a weed risk, or to try to bale the grass as either hay or silage. In arable areas

there may not be the equipment available for such a small-scale operation.

Local Environmental Risk Assessments for Pesticides (LERAP)

The objectives of LERAP, the factors involved in the risk assessment and the potential

difficulties of farmers carrying out and recording the processare outlined by Croxford (1998),
These new proposals to protect surface waters remain subject. to further consultation.

However, onthe basis of current ideas, the use ofall products may be allowed more than two

metres from potentially water-bearing ditches that are dry at the time of application. This

mayresult in farmers choosing not to crop the area next to ditches. For the majority offarms,
this provision alone will dramatically reduce the inconvenience involved with the current no-

spray zones. In addition, under certain conditions, LERAP mayallowsomeofthe pesticides
that currently have a six metre no-spray zone to be used up to two metres away fromditches

which contain water. In the situation where a slightly wider buffer zone may have to be

observed, it may not be worth the time and inconvenience of changing from the most effective

pesticide being applied to the rest of the field, thus leaving the outer edge of the crop

untreated. However, in some instances, untreated insects, diseases or weeds in this area of the

crop may threatento re-infect the bodyofthe field. On the other hand, this is often the area
of the crop with the highest number of desirable fauna and where weeds provide the most

environmental benefit.

Modern sprayers have made it easier to comply with LERAP. It is now possible, with little

inconvenience or increase in operator exposure, to avoid the application ofpesticides to the

outer two or three metres of crop. In addition, it is now easy to use different nozzles to apply

pesticides to the outer few metres of the crop in order to reduce spray drift into the field

boundary vegetation or watercourses, which maybe a key requirementofthis procedure.

Hence, LERAP mayprove to haveless direct influence on product choice than the current no-

spray zones. This may also have the advantage ofdecreasing the risk ofpesticide resistance.

On the other hand, it may have more influence on product timing because farmers may

attempt to apply pesticides at a time when the ditches are dry. For instance, weed control
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The impact of differing climate change downscaling methodologies on entomological
risk assessments

CHJarvis, D Morgan

Central Science Laboratory, Sand Hutton, York, YO41 1LZ, UK

ABSTRACT

A commonfeature of climate change studies involving insects is the provision of

statistics describing potential alterations to the spatial distributions of insect

phenologies or populations. Often these relate to one particular estimate offuture

outputs of potential global climate change agents such as CO, (emissions

scenarios), perhaps projected to multiple dates. That alternative estimates of CO,

and other agents of change exist is widely appreciated. However, the uncertainty

in moving fromglobal predictions of global change to national estimates and the

implications for insect outbreaks has receivedlittle attention. Focusing onspatial

uncertainty, the work draws on the capabilities of the British Climatic Research

Unit SPECTRE software to demonstrate that multiple spatial configurations of
changes mayarise.

Predictions of changesto distributions ofthe codling moth (Cydia pomonella) and

accumulated temperatures are used to illustrate the effects of using different

climate change scenarios. This paper highlights uncertainties surrounding the

underlying climatology that should be considered when interpreting climate

change predictions.

INTRODUCTION

Forecasts of the medium termeffects (e.g. 2033. 2100) of global warming are frequently

reported in the scientific literature. These data must be translated tostatistics of potential

climate change for a specific nation or region in order to determine the effects on insect

outbreaks. In Britain, climate circulation models produced at the UK Meteorological Office

include for example the UK highresolution transient experiment (UKTR) and the Hadley

Centre Unified Model greenhouse gas experiment (HadCM) series. These studies however

inform potential monthly changes, rather than daily, and are projected only to broad spatial

resolutions (e.g. 2.5 * 3.75°, HADCM2). Such temporal and spatial scales contrast with that

of the daily data of UK meteorological stations more commonly used in modelling pest

populations and development. This discrepancy, between scales at which climate circulation

and change is modelled and the scale at which estimates of climate change are needed for

assessing ecological risk, is currently being addressed by climate research underthetitle

‘downscaling’. Meanwhile, the impact assessment process is subject to a large number of

abiotic uncertainties, in addition to those ofa biotic nature, that are often not acknowledged

within applied climate change studies published in entomological and related disciplines.

The purpose ofthis study is to highlight the potential effects of alternative climate change

methodologies on predictions of pest outbreaks. Uncertainties arise, both spatially and
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temporally. that have the potential to alter applied agricultural assessments in a significant

way(e.g. Semenove/ al., 1996). For the purpose ofthis study, the spatial component forms a

particular focus. The insect modelled is the codling moth (Cydia pomonella), an important

insect pest of apples in the UK. In order to showthe wider implications ofthe study for other

pests, accumulated temperature changesare also discussed.

METHODOLOGY

lo assist in the production of applied climate impact assessments the Climatic Research Unit

(CRU). in conjunction with MAFF, compiled a selection of current climate modelling

predictions within a software suite known as SPECTRE (Barrower al., 1997). This comprises

pre-processed data for a variety of emissions scenarios (e.g. IPCC 95), the effects of which

have been forecast for Britain using general circulation model (GCM) experiments such as the

UKTR and HadCM. Digital data for one reference year (2100), derived from the Composite

(aggregated results from seven models) and UKTR climate model results, were output from

SPECTREand converted using proprietary GIS software to the Ordnance Survey National

Grid. These represent equilibrium andtransient climate modelling projections respectively.

A spatial environmental modelling system which calculates daily maximum and minimum

temperatures in locations between meteorological stations was reported by Jarvis ef al.

(1998). In previous studies a number offield validated models, such as that developed for C.
pomonella (Morgan, 1992), have been integrated with the system. This allows surfaces of

important phenological stages. as opposed to more commonly found discrete point estimates,

to be mapped over the landscape of England and Wales at a spatial resolution of Ikm’ for a

variety of pests. Geographical simulations were run using daily UK Meteorological Office

temperature records over 30 years (1961-1990), from 60-180 meteorological sites depending

on year, as their base. Monthlyspatial estimates of temperature changes for 2100 as produced

by SPECTRE were then added tothe interpolated daily maximum and minimumtemperatures

in order to identify the year to year fluctuations in the pest phenology and accumulated

temperature (8.6°C base) for the two different climate models. Julian date and accumulated

temperature results were modelled and mapped ataspatial resolution of 10km’.

RESULTS

Preliminary analysis using the package revealed considerable spatial differences between the

model derived spatial patterns of climate change in temperature terms, not only in terms of

overall magnitude within the warming trends but also in the relative spatial distribution of

these effects. These are also reflected within the phenological results. The mean Julian date

for the period 1960-1991 at which codling moth larvae reach 50% emergence of first

veneration for England and Wales (Figure 1(a)) is compared with projections of the average

expected reduction ofthe lifecycle under the two estimates of climate change for 2100 (Figure

l(b).(c)). When aggregated over the entire country, as is commonpractice, statistics showing

expected change as a proportion of the overall landscape for the two GCMsare similar.

However, there are considerable underlying differences in the spatial distribution of the

climate change effects. In the case of UKTRprojections (Figure 1(b)), warming is greatest in

northern regions while the composite model (Figure I(c)) predicts that the greatest changes 
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Figure 1. Julian date of 50% emergenceoffirst-instar larvae of codling moth

under: (a) current conditions; (b) expected reduction in development
time, UKTR model, year 2100; (c) expected reduction in development

time, composite model, year 2100.

will be found in southern coastal areas. reflecting differences between the underlying climate

models.

Considering the magnitude of change in Julian dates between the two projected scenarios for

Britain as whole (Figure 2), differences of up to one month occurat the margins of
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Figure 2. Difference in projected Julian dates for codling mothfirst-generation

larvae (50%). 
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Figure 3. Accumulated temperature above 8.6°C threshold for (a) current

conditions, (b) 2100, as adjusted by the UKTR model, (c) 2100, as

adjusted by the composite model.

geographical distribution. In the case of second generation larvae of codling moth, both range

andthe revised numberofgenerations differ even more markedly over the landscape between

scenarios. The UKTR experiment indicates that codling moth has the potential. by the year

2100. to occur throughout Scotland. In contrast, the composite climate projections indicate

that multiple generations in southern Britain are morelikely than an extensionto range.

Similar trends in the effects of climate change on accumulated temperatures mayalso be

observed (Figure 3). Both projections showa consistent north-southshift in temperature sum,

but the differences between modified accumulated temperature maps are highly significant

when compared with the degree of change between current and projected conditions. For up

to 43%ofthe British land surface. the difference between the two scenarios is between 100-

200%ofthat betweenthe original and revised climate estimate. For a further 2%ofthe land

area, this proportion rises to 200-300%. These figures relate to changes relative to 1997,

rather than the standard 30-year average baseline, and so reflect a snapshot ofthe likely

overall outcome.

DISCUSSION

The effects of climate change on pest distributions in Britain may be considerable. The

degree to which differences in spatial configuration of insect phenology will occur varies

according to the climate-warming scenario and downscaling technique used in its

construction. The latter for example is reflected in the underlying broad scale grid clearly

apparent within Figures 1(b) and (c), which indicates the dangers of over-reliance on regional

or sub-regional temperature change data in applied studies unless generated by an explicitly 



regional climate model. The ways in which differences in temperatures under climate change

will differ locally in their relative distribution from the current position at local scales are

relatively unknown. Gaussian kernel estimators are currently used in a pragmatic bid to create

more detailed grids fromthe initial crude GCMresults (Barrower al., 1997). but these do not

reflect underlying climate processes. For these reasons, over-detailed grid resolutions should

be avoided in applied studies until] such time as the underlying climatological science has

matured,

(he difference between two different mapped assessments of phenology or accumulated

temperature change, aS a proportion of changes relative to current conditions, may be

significant even where the apparent effects appear slim on the basis of visual comparison.

The distribution of the pest presented in this study may not represent the most dramatic

extremes. which are more likely to occur where over-wintering of pests becomes possible

(Leather ev al/., 1993) and the pest’s geographical margins of development lie within central

Britain. Nevertheless. theyillustrate that climate warming assessments and pest predictions

need to consider multiple possible outcomes. not only oforiginal emissions scenarios and

their global translations to warming, but also the variety of ways in which climatologists

model these. Any attempts to project the economic implications of climate change as a result

of alterations to insect behaviour may be skewed according to whether differences in pest

distributions and development are reflected in modifications of range or by altering the

number of possible generations. or both. Treating changes in temperature alterations in

isolation from CO, and ozone effects on both pest and crop environment reflects only one

small componentofthe overall change possibilities.

Driving phenological models with modified temperature estimates over 30 years allows the

possibility of assessing year to year fluctuations in climate change effects. Aggregated

estimates of change reflect a mean value relative to the 1961-90 baseline temperatures, as do

those ofalternative approaches such as the use of CLIMEX,but in this case the underlying

variability and extremes may be explored. The use of monthly average change over daily

fluctuations introduces temporal discrepancies, which should be much improved with the

availability of daily temperature change expected by the year 2000 as part of the HadCM3

experiments. Meanwhile, since the monthly pattern of temperature change appears stable

throughout mostof the annual cycle, and giventhe lack ofalternative information, the current

approach wasconsideredviable. It should be noted howeverthat changes in variance in dayto

day fluctuations in temperature from those ofthe climatic “normal” period (1961-1990) may

also have a material effect upon impact assessments.

The results presented reflect only one particular emissions scenario and one assessment of

sensitivity of the climate to these emissions. The UKTR and composite models used to

project climate-warmingeffects over Britain belong to twodifferent stages of development in

climate modelling. However even among projections from the most recent model HadCM2

(e.g. Baker ef al., 1998), that similarly to UKTR uses ocean-atmospheric interactions, there is

evidence fromother disciplines (e.g. Viner & Hulme 1997) that regional assessments ofthe

effects of climate change will differ. While a consensus is being reached that, on a nation

wide basis, climate models are becoming increasinglyreliable (Viner & Hulme 1997) caution

is still advised in interpreting the results for particular regionstooliterally. This suggests a

greater focus is needed by the entomological community at large on computer simulations

investigating 'whatif...' type scenarios to determinecritical thresholds. and further biological
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experimentation regarding the rate of adaptation of both individual pests and agricultural
systems to changes on CO, and temperature.

In conclusion, climate warming impact assessments are bytheir very nature uncertain. While

it 1s essential that information for policy use is obtained. care should be taken in the

interpretation of single mapped outcomes. Mapsofpest distribution can provide strong visual

impressions. However, given the geographical uncertainties surrounding their production

they should not be usedin isolation froma fuller pest risk assessment (Bakere¢ a/., 1998) and

outputs from a range of modelling methods should be compared and assessedontheirrelative

significance. Examples using codling moth and accumulated temperature showthat the

magnitude of uncertainty in regional assessments ofclimate warming effects may be higher

than the degree of warmingitself
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Aphid pest potential increases at elevated CO,
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Department of:ntomology & Nematology, IACK-Rothamsted, Harpenden, Herts, ALS

2JO, UK

ABSTRACT

Aphid population development often increases at elevated CO, but the

interactions with changed plant physiology are not known. Whenasingle

fourth instar aphid (either Acyrthosiphon pisumor Aulacorthumsolani) was

added to bean plants grownat elevated CO, and a population wasallowed to

develop for 20 days there was a greater decrease in plant growth compared

to ambient CO,. A. pisumdecreased shoot growth by 24% at ambient CO,

but by 34% at elevated CO,. A. solani had no effect on shoot growth at

ambient CO, but at elevated CO, shoot growth decreased by 20%,

suggesting that A. solani has the potential to cause serious yield loss in

beans if atmospheric CO, concentrations continue to increase. Aphids had

no effect on the numberofflowers open at harvest at ambient CO,, while at

elevated CO, A. pisum and A. solani decreased flowering by 73% and 60%

respectively. These data imply that aphids will cause greater losses in yield

of bean plants under elevated CO, thanin ourcurrentclimate.

INTRODUCTION

Global atmospheric CO,is likely to reach double current ambient concentrations by the

end of the next century if emissions continueat their current rate (Houghton e¢ a/.,1996).

Elevated CO, could affect agricultural production in two ways; by contributing to global

warming and by increasing the rate and efficiency of photosynthesis (Parry, 1992).

Although an increase in photosynthetic carbonfixation would appear to be beneficial for

agriculture, as yields of most crops increase, it is not known howthe pest status of

insects will be affected. Chewing insect herbivores are generally adversely affected by

elevated CO, atmospheres because of the effects of increased photosynthesis on the

quality of their host plants (Watt ef al.,1995). Considerably less is known about the

performanceofaphids at elevated CO,. Although the performance of some species of

aphids is improved (Awmacket al.,1996; 1997) it is not yet known whether enhanced

plant growth at elevated CO, will be adequate to compensate for increased damage

caused by larger aphid populations.

Aphids cause damage to crops in two main ways; by transmission of viruses and by

direct feeding. As aphid populations have the potential to increase exponentially from a

single individual by parthenogenesis small changes in fecundity or developmenttimes

early in the growing season can havelarge effects on yield after only a few weeks. This 
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Figure 1. Shootfresh weight of bean plants grown at ambient (350 ul I’) and
elevated (700 ul I") COz. All data are the meansoften replicates and
are shown + onestandarderror.

paper summarises the results of an experiment to investigate the effects of an increase in

atmospheric CO, concentrations to levels equivalent to those predicted to occur by the

end of the 21st century if emissions continueto increase at their current rate, on the pest

status of the pea aphid, Acyrthosiphon pisum, and the glasshouse and potato aphid,

Aulacorthumsolani, feeding on broad bean, Vicia faba.

MATERIALS AND METHODS

Experimental conditions, growth of plant material and aphid rearing

All experiments were donein the “Envirocon”’facility at Rothamsted (Lawlor, 1993) in

four chambers, two running at 350 pl I' CO,(“ambient”) and two running at 700 pl I"

CO, (“elevated”). All four chambers were maintained at a constant temperature of 18 °C

with a 16 h daylength provided by natural daylight supplemented with artificial lighting

when required. Plants were grown from seed in the appropriate CO, concentration in 1

litre pots containing a nutrient-free potting medium (Terra-Green, Oil Dri, Chicago) and

1.6 g slow release fertiliser (Osmacote mini, Sierra UK) to provide levels of nutrients

similar to field conditions (about 80 kg ha"). All aphids were clones, derived from a

single parthenogenetic female ofeither A. pisumor A. solani and reared at ambient CO,

at 18 °C with a 16 h daylength. All aphid cultures had been maintained on V. faba for

several years before the experiments started.

Measurement of the effects of aphid infestation on plant yield at ambient and

elevated CO,

Bean plants were grown from seed at ambient and elevated CO,as described above. The

seedlings were transplantedinto 1 litre pots when they were ten daysold andleft for two 
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Figure 2. Root fresh weight of bean plants grownat ambient (350 pl I'') and

elevated (700 pl 1’) CO». All data are the meansoften replicates and
are shown + onestandarderror.

days to minimise stress due to transplanting. A single late 4th instar wingless aphid was

then added to each plant and the whole plant was enclosed in a cage made of fine mesh

and plastic. Ten control plants of each species were treated in the same way except that

no aphids were added.

Theplants in each CO, treatment therefore comprised;

10 Viciafaba with 1 Aulacorthumsolani

10 Viciafaba with 1 Acyrthosiphon pisum

10 Viciafaba with no aphids

The plants were divided between the four CO, rooms (two at ambient, two at elevated)

so that there were 15 plants in each.

Twenty days later the plants infested with A. pisum at elevated CO, were starting to

showsigns of necrosis and the experiment was stopped. The aphids were removed and

the plants were separated into shoot and root tissue and weighed (roots were washed,

patted dry with a towel to removed surface water and then weighed). The number of

open flowers with the standard petals separating, beyond Stage 2 (Osborneet al., 1997)

on each plant was counted.

Data analysis

Data were analysed using Genstat for Windows 5, Release 3.22 (Rothamsted

Experimental Station) using ANOVA with CO, as a main effect and the presence or

absence ofaphids (and aphid species) as blocks. Individual means were compared using

two-tailed t-tests where justified by ANOVA. 
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Figure 3. Root:shootratios of bean plants grown at ambient (350 pl I) and

elevated (700 pl I'') CO. All data are the meansoften replicates and
are shown + onestandarderror.

RESULTS

Theeffects of elevated CO, on uninfested bean plants

Elevated CO, had a significant effect on the growth of bean plants. Mean shoot weight

was 14% greater at elevated CO, than at ambient (P < 0.05, Figure 1) and root weight

was 24% greater (P < 0.01, Figure 2) but the root:shoot ratio was unaffected by elevated

CO, (P> 0.05, Figure 3). Elevated CO, had no effect on the number of flowers open at

the time of harvest (Figure 4).

Theinteractions between aphids and bean plants at ambient and elevated CO,

When single fourth instar Acyrthosiphon pisum was added to the bean plants there

were significant reductions in shoot fresh weight at both ambient and elevated CO,

(Figure 1), Shoot weight decreased by 20%relative to the control at ambient CO, (P <

0.01) and by 27% at elevated CO, (P < 0.001), with the net effect being that the

addition of a single aphid and its progeny negated the effects of elevated CO, on shoot

growth. Root weight was decreased bythe addition of A. pisum (Figure 2), by 24%at

ambient CO, (P < 0.01) and by 34%at elevated CO, (P < 0.001). The root:shootratio of

the plants was unaffected by A. pisum at both ambient and elevated CO, (P> 0.05,

Figure 3). A. pisum had no effect on the numberof open flowers at ambient CO, but at

elevated CO, the numberof open flowers decreased by 73% (P < 0.001, Figure 4).

Whena single fourth instar A. solani was added to each bean plant there were also

interactions with CO, concentration and plant growth. At ambient CO, A. solani had no

effect on bean plants; none of the comparisons were significantly different from the

controls. At elevated CO,, however, A. solani caused a decrease in shoot fresh weight of

20% (P < 0.001, Figure 1) and root fresh weight decreased by 18% (P < 0.01, Figure 2)

but the root:shoot ratio was unaffected by elevated CO, (Figure 3). The number of

flowers on bean plants infested with A. solani at elevated CO, decreased by 60% (P <

0.001, Figure 4). 
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Figure 4. Numberofopen flowers on bean plants grown at ambient (350 pl I’)

and elevated (700 pl I'') CO. All data are the meansoften replicates
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DISCUSSION

Elevated CO, atmospheres are likely to have a large impact onthe pest status of aphids.

Althoughit has been demonstrated that aphids reared on plants growingat elevated CO,

have higher reproductive rates (Awmacketal., 1996;1997), the effects of increases in

aphid reproduction onplantyield at elevated CO, have not previously been investigated.

Whenbean plants were grown without aphids the effect of elevated CO, wasto increase

both shoot and root fresh weight. Elevated CO, atmospheres equivalent to those

predicted to occur by the year 2100 would therefore seem to be beneficial for bean

plants and couldlead to an increasein yield.

Elevated CO, magnified the effects of aphid infestation on bean plants. A single A.

pisum added to a twelve day old plant growing at elevated CO, wassufficient to cause a

decreasein shoot fresh weight of 34% after 20 days becauseofdirect feeding damage by

its progeny. These data highlight the importance of aphids as pests for UK agriculture

for even if only one nymph survives after spraying its potential to cause damage is

immense. The addition of a single aphid was enough to negate the effects of elevated

CO, on shoot and root fresh weight. Flowering was unaffected by A. pisumat ambient

CO,yet it was reduced by 73% at elevated CO, suggesting that the plantis allocating

more ofits photosynthate to somatic growth than to reproduction. This in turn implies

that the aphids are extracting more phloem sap from the plant (both because the

percentage decrease in fresh weightis greater at elevated CO, and because the plants

resource allocation has changed) and this is consistent with the observations that insects

increasetheir intake of food whenreared on plants grown at elevated CO, to compensate

for the increased C:N ratio ofthe plant tissue (Watt et al.,1995).

WhenA.solani was addedto the plants there was a major changein its importance as a

pest of beans at elevated compared to ambient CO,. At ambient CO,, A. solani had no

significant effects on plant growth compared to the control plants. Although large 



populationsofA. solaniare able to develop on bean plants at ambient CO, the plant may
compensate for the phloem saplost by their feeding and, at least for 20 days, A. solani

has no direct effect on yield. However, at elevated CO, there was a dramatic shift in the

pest status of A. solani on beans. Shoot and root fresh weights were significantly less

than the control plants, again suggesting that aphids can negate the beneficial effects of

elevated CO, on the yield of bean plants and reduce the number of open flowers by

60%.

In conclusion, these data suggestthat the pest status of the aphids A. pisumand A. solani

could increase if atmospheric CO, concentrations continue to rise, and that aphid species

such as A. solani which do not cause yield losses in our current environment could

becomeseriouspests.
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ABSTRACT

Modelterrestrial ecosystems were set-up in the Ecotron controlled environment
facility. The effects of elevated CO, (ambient + 200 Lumol mol) on (i) the
abundance of Myzus persicae and oneof its parasitoids Aphidius matricariae,
and(ii) soil-dwelling Collembola species were studied. Aphid abundance was
enhanced by elevated CO, but parasitism rates remained unchanged. These
results suggest that M. persicae might increase its abundance under conditions
of climate change. There were marked changes in the abundance and species
composition of Collembola. These results imply that enhanced atmospheric CO,
concentrations may have major impacts onsoil food chains.

INTRODUCTION

Global levels of atmospheric carbon dioxide (CO,) are predicted to double in the next
century and may consequently increase global temperatures by 2-5 °C (Houghton etal.,
1996). Considerable effort has been madeto investigate the impact of these changes on the
biotic environment and there is now useful information available on howthe individual
components of ecosystems (e.g. plants, herbivores and decomposers) will respond to
predicted climate changes (Bazzaz, 1990; Watt et al., 1995; Ball, 1997; Bezemer & Jones,
1998). Rarely, however, have several key components been studied within one single
ecological andinteracting system; accordingly it is questionable how adequate these single-
species studies are for predicting the long-term impacts of climate change on complex
systems (Lawton, 1995; Korner, 1995; Weiner, 1996). The work presented here was a
component part of a series of climate change experiments carried out in the Ecotron
controlled environmentfacility where the effects of elevated CO) and temperature were
studied both separately and in combination. In this study we investigate the effects of
elevated CO2 on above- and below-groundinsects (aphids and Collembola) growing within
a complex, multi-species model ecosystem.

METHODS AND MATERIALS

The experiment used 16 terrestrial microcosms, each Im’, maintained in the Ecotron
controlled environment facility at Silwood Park. Environmental conditions were the same
for all chambers: a photo-period of 18 hours, including a gradual dusk and dawn of two
hours; average light intensity at canopy (Im from lights) was 294 ums'm”, temperature
varied smoothly between a maximum of 20°C during the day and a minimum of 12°C at
night; and relative humidity varied smoothly between a maximum of 70% after watering 



and minimum of 58%. Eight chambers were maintained at ambient external atmospheric
CO); concentrations, which fluctuated naturally between 350 and 400 umol mol', and eight

were dynamically maintained at 200 [mol mol! above ambient. The community,

established in previously fumigated soil that was relatively poor in nutrients (41.61 ppm

nitrogen, 17.63 ppm phosphorus, 12.45 ppm potassium), consisted of primary producers,

herbivores, secondary consumers (parasitoids) and soil micro- and macro-organisms (Table

1). All chambers were initiated with the same community and several ecosystem processes

were measured overthree plant generations. For details see Bezemeret al., (1998), Jones et

al., (1998) and Kampichleret al., (1998).

Table 1. Composition of the Ecotron community (cf. species very similar, but not

exactly like type-specimen).

 

Plant species Herbivore and parasitoid species

Cardaminehirsuta Helix aspersa (mollusc)

Poa annua Brevicoryne brassicae, Myzus persicae (aphids)

Senecio vulgaris Phytomyza (Chromatomyia) syngenesiae (leafminer)

Spergula arvensis Trialeurodes vaporariorum (whitefly)
Aphidius matricariae, Dacnusa sibrica, Encarsia

formosa (parasitoids)

Soil biota
Lumbricusterrestris (earthworm)

Porcellio scaber (woodlouse)
Folsomia candida, Proisotoma minuta, Protaphorura cf. armata, Pseudosinella alba,

Sphaeridia cf. pumilis (Collembola)

Plus soil bacteria, fungi, protists and nematodes seeded into each chamber by means

of a filtered soil leachate (see Joneset al., 1998)

RESULTS AND DISCUSSION

Aphids

During the period when aphid measurements were being taken (Plant Generation 3), P.

annua dominated all communities, comprising 93 and 99% of total plant abundance for

ambient and elevated CO} treatments, respectively. Total final above-ground plant biomass

was unaffected (p > 0.05) by CO>treatment as were leaf carbon and nitrogen contents (p >

0.05). Leaves grown in both ambient and elevated CO, conditions contained 0.8% nitrogen.

Because of the high relative abundance of P.annua,insect densities were only recorded on
this plant species. Population counts of M. persicae were, on average, 300% greater in

elevated CO, at the start of recording and remained significantly (p < 0.05) higher

throughout the recording period (Figure 1).

Rates of parasitism wererelatively high in both ambient and elevated COp. Five weeksafter

releasing the parasitoid, approximately 30 to 40% of the aphids were parasitised. However, 



parasitoid efficiency (measured as percentage parasitism) was not affected by the CO,
treatment.
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Figure |. Mean number (+SE) of Myzus persicae and mean percentage parasitised
(+SE) by Aphidius matricariae at the end of the experiment in ambient and
elevated COp.

M. persicae is an important pest of manyagricultural crops. The results suggest that this

aphid mightincrease its abundance under conditions of climate change. We speculate that in

elevated CO2, M. persicae, which feeds mainly on young and senescent leaves (van Emden

et al., 1969), benefited from enhanced rates of photosynthesis and leaf senescence. The

precise change in foliage nutritional quality responsible remains unclear. Other data

collected during the course of the Ecotron climate change experiments showed the

prevalence of species-specific changes: Brevicoryne brassicae populations, for example, at

the end of Plant Generation 2 was higher in ambient CO, than in elevated CO, (T M

Bezemer, unpublished data). Further studies, encompassing not only species-specific but

also both long-term and community-wide effects, are necessary before we will be able to

attempt to move towards general predictions on howglobal environmental change will
affect aphids, and other insect/herbivore, populations.

Collembola

More marked, and previously unreported, effects were observedin the soil biota. At the end

of Plant Generation 3, total numbers of Collembola were significantly higher in elevated

CO2. Species composition also changed (Figure 2). Proisotoma minuta dominated

communities in ambient CO, while Folsomia candida dominated in elevated CO>.

That key environmental variables influence soil micro-arthropods is well established

(Klironomos ef al., 1996). Of these, temperature, water content and pH of soil showed no

significant differences between treatments. Nor can change in the collembolan community

be attributed to changes in root biomass (Kampichler ef al., 1998), or in root quality (as

assessed by C:N ratios). Soil microbial biomass was unaffected by elevated CO2; similar

results have been obtained in most (Rice et al., 1994), but not all (Hungate et al., 1996)

other studies. Enzymes involvedin carbon- and nitrogen-cycling in the soil also showed no

significant treatment effects (Kampichleret al., 1998). Only minor differences were found 



in bacterial taxonomic composition between chambers, and there were no consistent

differences between treatments.
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Figure 2: Composition of Collembola community at the end (after 9 months) of an
Ecotron experiment. data are given as mean (+SE). There is a significant

differences (p << 0.05) in the proportion (are-sine transformed) of each of

the five species. Shaded bars represent elevated CO) chambers, open bars

represent ambient CO, chambers.

Fungi, in contrast showed differences between ambient and elevated atmospheric CO;

treatments. One functional group, cellulose decomposers, had higher biomass in elevated

CO> treatments (mean (SE) number of colonies (x 10° g! soil) recovered, 17.2 (9.4)

(ambient), 35.0 (14.8) (elevated); p < 0.05). This probably accounted for the increased

decomposition rates of cotton strips placed in the soil (measured as cotton rotting rate, this

value was 36.5 cottonstrips per year + 3.53 (elevated) and 26.2 cotton strips per year +4.20

(ambient); p < 0.05). Moreover, fungal taxonomic composition differed between treatments:

14 of the 33 species isolated were commonto both, whereas 9 and 10 species wererestricted

to the ambient andelevated treatments, respectively, a pattern extremely unlikely by chance.

These results imply that enhanced atmospheric COQ? concentrations will have major impacts

on soil food chains.

A significant proportion of photosynthetically-fixed carbon is allocated below ground

(Agren et al., 1996); after release much of this carbon becomesavailable to rhizosphere

micro-organisms (O’Neill, 1994). Levels of dissolved organic carbon (DOC) in soil were

significantly higher in elevated CO, (p < 0.05), and soil-water dissolved organic nitrogen

(DON)concentrations were higher, almost reaching statistical significance (p = 0.06).

These changes are probably sufficient to drive the observed differences in soil fungi.

Collembola are major consumersof, andselective grazers on, different species of fungi. We

suggest that differences in the collembolan community were driven by differences in the soil 



fungal assemblages, which in turn were driven by differences in organic substrates derived

from higherplants.

These results should not be over-generalized. The Ecotron controlled environmentfacility

houses model ecosystems. Published studies (see above) provide conflicting data on soil

microbial responses to elevated CO2, with the possibility that responses are specific to

particular plant species, communities, or ecosystems. Considerably more attention must

however be paid to the long-term impact of increasing atmospheric CO) concentrations on
soil ecosystemprocesses and soil biota.

Future work

Single species studies, be they on plant or insect, above- and below-ground,are unlikely to

provide adequate predictions of the effects of climate change on complex multi-species
communities. This study clearly illustrates how many ecosystems interactions and feed-

backs, involving fungi, bacteria, meso-fauna, herbivores and nutrients become subject to

both direct and indirect effects of COs, leading to complex spatially and temporally variable

effects. Further experiments designed to predict the effects of enhanced CO, on whole

communities and ecosystems should abandon the use of small-scale, short-term, single

species experiments and instead, go either directly to field manipulation of real ecosystems

(Billing et al., 1983; Tissue & Oechel, 1987; Arp et al., 1993) or if this is not possible for

reasonsof cost or time, to more realistic (and complex) model systems.
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ABSTRACT

Substantial increases in the potential distribution of the Colorado beetle

(Leptinotarsa decemlineata) were predicted using CLIMEX, a computer

program which estimates potential geographical distribution based on climate,

loaded with climatic scenarios for 2050 derived from the HadCM2 global

climate model greenhouse gas only experiments. In Great Britain, this pest could

extendits potential range by 120% with a 400 km extension ofits northerly limit

to cover over 99% of registered potato production. Thedifficulties of converting

these potential increases in distribution to assessments of economic impact are

discussed.

INTRODUCTION

Trade in plants and plant products is regulated to ensure that damaging pests are not

introduced to new areas. The World Trade Organisation requires all phytosanitary

regulations to be based on risk assessment and various national and international schemes

for pest risk analysis (PRA) are now under development, e.g. EPPO (1998). The assessment

of climatic suitability, based on currentor historical climatic data, is a key element in PRA.

Although these data are critical for determining the likelihood ofinitial establishment, the

economic damage caused bya pest introduction to a new area will depend on the degree to

which the organism can thrive and spread over time. Future changes in climate should thus

also be considered in order to evaluate a pest’s long term economic impact.

The Colorado beetle (Leptinotarsa decemlineata), which is absent from the UK due to the

effective application of plant health policy, is a highly suitable pest for studying the effects of

climate change on PRA due to the wealth of information and models which accurately

describe its environmental responses and pest potential. Baker ef al. (1996) compared the

establishment potential of this pest in Great Britain (GB) at 10 km resolution for 1961-90 and

2060-70, under the 1.7 - 1.8°C warmingpredicted by the Hadley Centre global climate model

(GCM)transient experiment (UKTR), using a geographical information system (GIS) and

CLIMEX,a computer program whichestimates potential distribution based on phenology and

climatic conditions in a pest’s natural distribution (Sutherst & Maywald, 1985). It was shown

that the beetle could enlarge its potential range by 102% andthat, in the 79,500 km’ where

establishment is already possible, suitability would increase by 76%, reaching levels 



comparableto areas in Eastern Europe where damagelevels are currently high.

This paper updates these predictions using data derived from the second Hadley Centre

coupled ocean-atmosphere GCM (HadCM2)and an enhanced version of CLIMEX (Skarratt

et al., 1995). HadCM2 is an improvement over UKTRprimarily because historical climate

is modelled over several centuries, ensuring a steady state between oceanic and atmospheric

systems and a “warm start” for the climate change experiments (Johnset al., 1997).

Whichever climate change scenario is used, an increase in thermal budget during the

growingseasonis likely to favour the development of warmth-loving pests, increasing their

potential economic impacts. However, the precise nature and extent of this impact is very

difficult to quantify. This paper reviewsthe data and analyses required to prepare climate

change impact scenarios for L. decemlineata in the key regions where potatoes are

cultivated in GB.

MATERIALS AND METHODS

We selected the HadCM2 experiments in which a 1% per year compound increase in

greenhouse gas forcing was applied. Four equally valid experiments (HCGG1-4) were

conducted, varying only in their initial start date. The scenarios predict climate change at 2050,

representing a mean for the 30-year period, 2035-64, with global mean CO, concentrations

reaching 515 ppmV. Compared to the 1961-90 period, an average global mean warming for

HCGG1-4 of 1.91°C (range 1.88-1.97) is predicted, with Europe warming on average by 2.30°C

(range 2.09-2.57). The HadCM2 experiments which incorporated the direct effects of sulphate

aerosols on climate and indicated a reduced rate of warming (Mitchell & Johns, 1997) were not

used because the level of sulphate forcing is most likely incorrect. The rise in sulphur dioxide

emissions was overestimated and predictions ofboth the direct and indirect influence ofsulphate

aerosolsin climate cooling have now beenrevised (Hulme & Jenkins, 1998).

The HadCM2results, at an original spatial resolution of 2.5° latitude x 3.75° longitude, were

interpolated using a simple Gaussian space-filtering routine to a 0.5° x 0.5° resolution for the

European area. In order to represent locations where potatoes are cultivated, the scenario data

were applied to the 1961-90 minimum altitude climate data (Hulmeef al., 1995) for those grid

cells representing land in Europe. Vapour pressure was converted to relative humidity and,

together with mean monthly rainfall and temperature minima and maxima,reformatted for input

to CLIMEX. Standard CLIMEX parameters for L. decemlineata were applied, with the day

length and temperature triggering diapause set at 15 h and 6°C respectively. An ecoclimatic

index (EI), a measure ofclimatic suitability estimated by CLIMEX, was calculated for each

scenario grid cell and imported to a GIS for display. Data from GB were analysedin detail.

RESULTS

Figures 1 and 2 show European Els for L. decemlineata under current (1961-90) and future

climate (2035-64), represented as HCGGX,which is a separately derived mean of the four

greenhousegas forcing experiments (HCGG1-4). Table 1 summarises the results for GB. 



Figure |. Leptinotarsa decemlineata potential distribution predicted by CLIMEX

under current (1961-90) climate. The Ecoclimatic Index (EI) is a measure

of the climatic suitability of the location for permanent colonisation. Thus

temporary, economically damaging. outbreaks may occur even where the EI

iS Zero.

 

Figure 2. Leptinotarsa decemlineata ecoclimatic indices (El) predicted by CLIMEX

under the mean HadCM2 greenhouse gas climate change scenario. 



The effect of climate change on the suitability of 0.5° latitude x 0.5°

longitude grid cells in Great Britain for Leptinotarsa decemlineata

establishment expressed as ecoclimatic indices (EI)

 

Climate Change Scenarios(see text for abbreviations)

Base HCGGI HCGG2 HCGG3 HCGG4 HCGGX

 

Numberofcells with El = 0 144 66 69 81 54 65

Numberofcells with EI > 0 66 144 141 156 145

Numberofcells with EI > 20 2 70 68 79 73

Maximum EI 25 37 34 36 36

Mean El 5 13 12 13 12

 

DISCUSSION

Climate changeandpotential distribution

Under the HCGGscenarios, the CLIMEXpredictions showthat, by 2050, there will be 63-

90 (mean 79) additional grid cells climatically suitable for L. decemlineata colonisationin

GB- potentially extending its range by 95 - 136% (mean 120%). This represents a mean

increase of 3.5° latitude (approximately 400 km) in the northern limit ofits distribution to

include the substantial areas of potato production in Eastern Scotland. Under these

scenarios, only conditions where the potato crop is grown in the extreme north of Scotland

and the islands (0.6% of the area under registered potato production) are likely to be

unsuitable.

Economic impact

L. decemlineata “remains worldwide the most devastating defoliator of potatoes” (Hare,

1990) andits potential to become widespread throughoutthe main potato growing areas of

GBis cause for considerable concern. There are two main methods which can be used to

quantify the potential economic impactofthis pest. The first is based on crop yield loss

models, the second on comparisons with areas where the high Els predicted for GB under

climate change currently occur.

Nault & Kennedy (1998) showedthat reliable relationships cannot readily be established

between the defoliation caused by L. decemlineata andyield loss because of widevariations

between potato varieties and crop yield, the difference in vulnerability of each crop

phenological stage and the paucity of data. These problemswill have to be overcome before

a biologically-realistic, statistically-robust model can be constructed.

Variations in the effectiveness of control, particularly in the USA where insecticide

resistance is widespread, make comparisons of high Els with reports of economic damage

difficult to make. The most detailed recent European studies have been made in Poland, 



where Els range from 20-29 and yield losses from L. decemlineata were reported to be 5%

with control and 40% without, though there was considerable annual variation (Oerkeef al.,

1994). The HCGGscenarios produced substantial increases in EI for GB, with a mean of 73

grid cells exceeding 20, including almost all of southern and eastern UK where the majority

of the potato crop is grown. In 23 of these cells, there are sufficient degree days for two

generations to develop. Such increases cannot readily be compared with previous studies

(Baker, 1996; Baker et al., 1996) which used the earlier version of CLIMEX without the

improved representation of diapause. The new version calculates much higher values of EI

in southern UK and central Europe but predicts the same northern limit of permanent L.

decemlineata establishment. This limit is dependent on the mean 1961-90 thermal budget

during development. A sequence of warm summers would still enable temporary

establishment and serious economic damage to occur in areas further north, such as

Scotland and southern Finland.

Translating predicted yield loss estimates to measures of economic impact, whether derived

from yield loss models or EI comparisons, requires detailed data on seed and ware potato

production, consumption and trade. Some of these data can be obtained with considerable

accuracy from crop protection literature and producer gross margin budgets, whereas other

data have to be estimated with a wide margin for error. Thus, based on 1979 prices, Bartlett

(1980) calculated that, living with LZ. decemlineata, producers in England and Wales would

incur additional labour, pesticide and application costs of £16/ha. However. the number of

sprays and the area covered would vary according to region and the weather, so annual

direct costs could range from £0.4 - £2.7 million. Non-commercial and indirect costs were

even moredifficult to assess and were estimated as 70% of directcosts.

Thedifficulties faced by those estimating economic impacts are compounded under climate

change. Even if the errors inherent in the HadCM2 and CLIMEX models are ignored,

substantial changes can be expected in potato crop distribution and production (Davies ef

al., 1997) and in pest management, including the more effective implementation of IPM

and the development of potato varieties resistant to 1. decemlineata or containing genes

coding 6-endotoxins of Bacillus thuringiensis (Whalon & Ferro, 1998).

The implications of these results for the quarantine (Plant Health) services in the UK,are

that L. decemlineata will become an even greater threat. The increased suitabilities for

permanent occupation under the different climate change scenarios, suggest that the

probabilities for the survival and persistence of a colonising population of L. decemlineata

in the UK will increase substantially. Thus, there will be a requirement for even more

vigilance, coupled with an ability to respond rapidly to any outbreaks. The likelihood of

colonisation events occurring, through migration as well as introduction by man, could also

increase as a result of larger populations to the south of the UK.
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